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EXECUTIVE SUMMARY

While extensive analyses have been conducted in Southern California over
the past seventeen years regarding the concentrations of trace metals and
chlorinated organics (DDTs and PCBs), few data are available concerning the
contamination of sediments or biota from polynuclear aromatic hydrocarbons
{PAH). This study for the California State Water Resourées_ Control Board
(CSWRCB) was designed to provide an overview of the nature of PAH contam-
ination at 24 sites in Southern California, extending from Santa Monica Bay to
San Diego Bay. The locations, which include several river sites, receive a
wide range of contaminant inputs., The data were evaluated on a basis of
potential sources and the likelihood of the levels of PAH contamination pro-
ducing an impact on benthic species.

- The analyses. of PAH generated in this study included 24 stations, three
samples per station and 43 individual PAH (including isomers of naphthalenes
and phenanthrenes) concentrations for each sample. Background concentra-
tions of total PAH were about 150 ppb (ng/g dry weight). The SCCWRP
reference station at San Mateo Point (R52-60) near Dana Point and the Point
Loma outfall station both exhibited this lewvel of total PAH. When total organic
carbon (TOC) content of the sediment is used to "normalize" PAH concentra-
tions, the iralues for San Mateo Point and Point Loma become 13 ug/g TOC
(ppm) and 22 ug/g TOC, respectively. If the remaining contaminated sites
are evaluated on a basis of ng/g dry weight, the highly contaminated
locations contain two orders of magnitude higher PAH than the baseline
" values.

The highest contamination (13-16 ug/g) was found at stations in Los
Angeles (Station 6) and San Diego (Station 24) Harbors, Two outfall stations
(Santa Monica Bay 7-mile and Palos Verdes 7-3) contained about 10 ug PAH/g
dry weight, which was similar to the concentration found in Queensway Bay
at the mouth of the Los Angeles River. Two other stations in San Diego Bay

(22 and 23) contained total PAH concentrations above 5 ug/g. These seven



stations seem to be separated from the remaining 17 by about 2 to 4 ug
PAH/g dry weight.

TOC normalized total PAH concentrations provide a somewhat different
distribution pattern. The same two harbor stations (6 and 24) are still the
most contaminated, and stations 7, 22, and 23 are among those sites contain-
ing the highest levels. However, due to the higher organic carbon content at
the outfall stations (3 and 4), these normalized concentrations decreased to a
level observed at several other sites. The Orange County outfall (station 12)
and some river stations which ﬁrere relatively low on a basis of ug/g dry
weight, Increased to levels that were in the upper 50 percentile after TOC
normalization. o

In addition to producing the total PAH values described above, it was
important to examine the data for trends in specific component distribution
that might help determine sources of the PAH. Changes are evident in the
composition (mean percentage contribution) of PAH contamination for three
dominant” groups of stations. : There is a gradusi shift in the distribution of
the petroleum derived PAH referred to as naphthalenes and phenanthrenes
{compounds 5-~18) corresponding to a decrease in the fossil fuel pollution
index (FFPI) from group 3 to group 5 stations. As the naphthalenes and
phenanthrenes decrease there is a trend toward a pyrogenic PAH pattern
exhibited in group 5. These higher molécular weight compounds are less
water soluble and therefore exhibit lower bicavailability. While acute (short
term) toxicity is not likely to result from exposure to sediments containing
the pattern -of group 5, there are still possible chronic effects, inecluding
mutagenicity and carcinogenicity.

From examination of the literature on the biological effects of PAH bound
to sediment, it appears that threshold levels of PAH contamination might be
between 5 and 15 ug/g dry weight and around 200 to 500 ug/g TOC. The
sediments studied in this project are well within the range of PAH



concentrations that may produce acute or chronic effeets on benthic organ-
isms. To avoid the loss of time and to make the most cost-effective use of
chemical analyses already conducted, it is recommended that sediment toxicity

testing with selected sediments be initiated as soon as possible.

iii.
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PAH CONTAMINATION IN SEDIMENTS FROM COASTAL WATERS OF
SOUTHERN CALIFORNIA

INTRODUCTION

For the past 17 years there has been a major effort to determine the
levels of trace metals and chiorinated hydrocarbons in water, fissue and
sediments from the coastal waters of southern California. There is a massive
amount of data available on the results of these analyses conducted by the
Southern California Coastal Water Research Project (SCCWRP), and the ocean
dischargers in the region. Additional studies have been conducted by aca-
demic scientists as well as state and federal agencies. Findings from the
studies on metals, DDTs and PCBs can be found in journal publications and .
reports from SCCWRP and state agencies. We are in a rather strong positien
in southern California to define the levels of these contaminants in sediments
extending from Ventura to San Diego.

There is a stark contrast between the expansive data base on chlorinated
hydrocarbons and minute bits of information on the levels of aromatic hydro-
carbons including pelynuclear aromatic hydrocarbons (PAH). To our knowl-
edge the study by Swartz et al (1985) describing sediment collections in 1980,
with the aid of SCCWRP, along the Palos Verdes shelf contains the first PAH
analyses of a southern California coastal region influenced by ocean discharge
of municipal wastes. Recent data (unpublished) supplied by these research-
ers shows some decrease in the levels of PAH at the same stations from 1980
to 1983. The California State Water Resources Board funded an investigation
by Malins et al in 1985 which included PAH analyses at six stations between
Santa Monica Bay and Dana Point, The results of the above studies will be
used in comparisons to the data on aromatic hydrocarbons generated in this

study.



OBJECTIVES

~ This study was designed to sample sediment from Santa Monica Bay to
San Diego Bay suspected of containing high amounts of aromatic hydrocar-
bons. The sites included a reference station (San Mateo Peoint) and several
river stations to provide a wider view of the range of contaminant levels in
the region. Among the sites suspected to be contaminated, were outfalls,
inner harbors and back bay stations. The selection of stations incorporated
some sites previously sampled by Swartz et al (1985, 1986) and Malins et al
(1986). The primary objective of the study was therefore to confirm analyti-
cal data on PAH concentrations reported in previous studies at a few stations
and to extend the survey to many sites feceivihg non-point source inputs of
contaminants. These results will provide an overview of the relative nature
of PAH contamination at 24 sites in southern California (Figure 1) receiving a
wide range of contaminent inputs and sllow the State Water Resources Board
and the Regional Water Quality Control Boards to focus their concern on sites

requiring further investigation.
METEODS

The techniques used to obtain sediment samples from offshore stations
are well established and standardized. The grabs used are modified
(SCCWRP) Van Veens which take a 0.1 m-2 sample, Oniy- the top 2 cm are
taken for analyses and several small cores from the surface of each grab are
combined to produce one sample, At each station, three separate grabs were
taken producing three replicates for analyses. In the appendix, marine
stations are listed with either Loran values or Longitude and Latitude read-
ings, or both. At the two stations in Anaheim Bay (13 and 14), a small boat
was used and a Birge Ekman dredge was used to take a sample of 125 cm2
and 4 em deep. The five river stations (8-11 and 17) were sampled by
wading or walking to the center of the river channel. Sediments were

scooped from the upper two centimeters of the river bed with a clean glass



jar., The excess water was decanted and the jar sealed with a Teflon lined
cap.

After sampling, sediments in pre-cleaned jars were placed on ice and
transferred to the SCCWRP laboratory in Long Beach (0.5-2.0 hours) where
they were placed in a freezer at -20°C until extraction. The extraction and
analysis procedure followed the guidelines of NOAA Technical Memorandum
F/NWC-92 (October 1985).

The basic procedure was to thaw out the samples to rcom temperature,
homogenize by stirring with a glass rod, then weigh out 20-30 g of sample
into a centrifuge bottle and an additional 10-15 g into an aluminum pan for
dry weight determination. Approximately 50 g of sodium sulfate, 100 ml of
methylene chloride and 1 ml of surrogate spike solution (12.5 ug/ml of
Naphthalene-d8, Acenaphthene-dl0, Phenanthrene-dl®, Chrysene-dl2, and
Perylene-d12) was added to each sample and the bottle rolled on a sediment
extractor for 16 hours. The methylene chloride was decanted, then replen-r
ished and the sample was rolled for § more héu_rs. The methylene chloride
was again decanted and replenished and the sample rolled for a final 16
hours. The 3 washings were combined and reduced to approximately 2 ml by
roto-evaporation. _ '

Part of the total extiract was archived and the remainder was cleaned on-
activated silica gel (JT Baker 40-140 mesh) and separated into 2 fractions.
The hexane elution contained the aliphatic hydrocarbons (Fraction 1) and was
stored, while the hexane/benzene (60:40) élution contained the aromatic
hydrocarbons of interest (Fraction 2).

Analysis of the F-2 extracts was performed on a Hewlett Packard 5970
MSD and a 5880 gas chromatograph which was temperature programmed from
50°C to 274°C at 4°C/min, then held isothermally at 274°C for 35 min.
Chromatographic separation was performed by a splitless injection onto a J &
W Scientific DB5 30m x 0.25 mm ID capillary‘ column with a Helium carrier flow
velocity of 25 cm/sec. Mass spectra data were collected by scanning from

50-400 amu per second with an ionizing voltage of 1400 volts.



Quantification was accomplished by single mass fragment integration for
each compound (Tabie 1). Limit of Quantification (L0OQ) was detel_:'mined for
each component by determining the standard deviation of peak area for 7
low-level sample injections, then muitiplying that standard deviation by 10.
No results were quantified or reported with peak areas below this limit. All
results were quantified using response factors obtained from the analysis of
individual standards and were corrected for instrument response by an inter-
nal standard of either Anthracene-dl0 or Benzo{g,h,i)perylene-dl2. When
one or more less than (<) values were present, these numbers were used in
the derivation of the mean.

As indicated earlier, each sample was spiked with five different surro-
gate PAHs. The percent recovery was calculated for each surrogate and
results for each sample were corrected for these recoveries according to Table
1. Information from these recoveries is an indication of how well eéch group
of compounds with similar characteristics, i.e., volatility and number of
rings, was extracted froﬁ} -each. sample matrix. Surrogate recovery results
are presented in the appendix on data sheets along with the mean and stan-
dard deviation for. each station. As can be seen from these data, sample
matrix can have an effect on the mass recovered, as well as their reproduc-
ibility. For example, station 1 had low percent TOC and low PAH concentra-
tions and the surrogate recoveries were high with low wvariability. Station 7
had high concentrations of PAHs, low Chrysene and Perylene recoveries but
low wvariability; while station 3 had high concentrations and -q_uit:e variable
recoveries due to matrix interference caused by the high organics present
from the sludge outfall.

Due to its volatility, naphthalene-d8 recoveries averaged about 48% + 27%
with most of the loss occurring in the concentrating steps of the procedure.
Several naphthalene-d8 recoveries were zero, probably due to the samplés
reaching dryness. For the remaining sufrogates’, recoveries were better,
Acenaphthene-dl10 averaged 82% + 18%, Phenanthrene-dl0 averaged 103% + 18%,
Chrysene-d12 averaged 89% + 20%, and Perylene-d12 averaged 88% + 14%.



_Table 1.

Surrogate

Naphthalene - d3

Acenaphthene - 41§

Phenanthrene - dl0

Chrysene -~ d12

Perylene - 412

SURROGATE HYDROCARBONS USED TO CORRECT

PAH VALUES FOR RECOVERY

Major Fragment

{ AMIT) Aromatic Hydrocarbon

117 Indane
91 n-Propylbenzene

105 iso-Propylbenzene
119 1,2,3,4-Tetramethylbenzene
128 Naphthalene
142 1-MethylInaphthalene
142 2-Methylnaphthalene
156 2,6-Dimethylnaphthalene’
156 1,3-Dimethyinaphthalene
156 1,6-Dimethylnaphthalene
1586 2,3-Dimethylnaphthalene
156 1,4-Dimethylnaphthalene
156 1,2-Dimethylnaphthalene
1790 2,3,6-Trimethylnaphthalene
170 2,3,5-Trimethylnaphthalene
154 Biphenyl -
152 'Acenaphthylene
154 ‘Acenaphthene
1686 Fluorene
178 Phenanthrene
192 Ci1-Phenanthrenes(4)
2086 CZ-Phenanthrenes(4)
2240 C3-Phenanthrenes(2) .
178 Anthracene
202 Fluoranthene
202 Pyrene
216 2,3-benzofluorene
228 Benz(a)anthracene
228 Chrysene/Triphenylene
252 Benzo(b)fluoranthene
252 ~Benzo(k)fluoranthene
252 Benzo(a)pyrene
252 Benzo(e)pyrene
252 Perylene
330 9,10-Diphenylanthracene
278 Dibenz(a,h)anthracene
276

Benzo(g,h,i)perylene



Most of the variation in these recoveries, including wvalues greater than 1ﬁ0%,
can be explained by the procedure used to measure the final volume of the
extract. All the samples were reduced to less than 400 ul and ocur ability to
measure these small volumes with accuracy was not optimal. We are presently
developing alternative methods that will not increase the potential for contami-
nation. Because the surrogate recoveries were not systematically low or high.
in all samples, problems with the amount of surrogate added to each sample
can be ruled out, but the proble'm of interfering mass fragments from the
sample matrix cannot be ruled out.

Seversal steps were taken in this study to provide interlaboratory com-
parisons of PAH analyses for purposes of quality control and quality assur-
ance. Table 2 shows a comparison of our recent findings for the same three
stations sampled by Malins et al (1986) in a previous study for the California
State Water Resources Control Board ( CSWRCB). SCCWRP results are gener-
ally higher, except for Reservation Point (Table 2). One would expect ocur
values to be greater, . since a larger number of isomers within a class of
compounds was quantitate.d in the SCCWRP study. Many of the concenirations
for individual compounds are very similar, The higher concentration reported
by Malins et al for our station 5 is due to a few high values for the high
molecular weight compounds (particularily pyrené).

One station that has been sampled frequently is the outfall of the Los
Angeles County Sanitation District (PV-7-3 or our Station 4). Table 3 com-
pares the analyses conducted by Swartz et al (1285); Malins et al (1986),
SCCWRP (1988), and Battelle Northwest, Samples analyzed by Swartz et al
{1985) were collected in 1980, so direct comparisons are not appropriate,
Most of our concentrations are lower than the 1980 levels,- which would be
expected as a result of reductions in mass emissions from this outfall. Look-
ing at data produced by Malins et al (1986) was quite confusing until it was
recognized that two of the three samples téken on their cruise and used in
the composite analysis were collected a considerable distance from the outfall.

Those data can, therefore, not be compared directly to ours. The relatively



Table 2. COMPARISON OF SPECIFIC ARCMATIC HYDROCARBON ANALYSES.
CQONDUCTED BY SCCWRP AND
THE NATTONAL: MARINE FISHERTES SERVICE (MALINS, 1986)

Queensway Cerritos Reservation
San Mateo Pt. Bay Channel ‘Point
Malins SCCWRP M sc M sc | M | sc
naphthalene - <3.6 <24 | 61 57 18 54 6.6 <31
2-methylnaphthalene ©<3.7 <12(2)* 55 57(2) 8.1 39(2)  <4.4 <il(2)
1-methylnaphthalene 3.5 25 ] 6.0 <4.3
biphenyl <3.5 <12 8.8 10 1.9 <8 <4.0 <11
2,6-dimethylnaphthalene <3.3 <12(6) 17  243(6) 5.2 112(6)  <4.0 <20(6)
acenaphthene | 3.3 <18 6.2 9 <1.9 <12 <4.3 <18
fluorene <3.2 <13 14 45 3.4 49 <3.8 <13
phenanthrene’ 9.5 43 220 591 65 487 10 16
anthracene @o 6 20  a 6.2 199 11 <3
l-methylphenanthrene  <2.6 69 (4) 14 640(4) 4.3 591(4)  <3.4 14(4)
fluoranthene 22 31 430 725 180 991 29 41
pyrene | 13 47 560 658 180 1292 670 101
benz (a) anthracene 2.4 9 240 292 53 645 51 42
chrysene <2.6 24 530 578 160 1342 160 81
benzo (e) pyrene '8.8 18 250 439 93 1139 160 .107
benzo (a) pyrene 2.4 20 210 405 73 1171 180 129
perylene ©<2.3 22 140 141 39 214 400 349
dibenz (a,h) anthracene <2.6 10 63 125 26 305 14 21
TOTALS : 53 299 2858 5056 922 8630 1692 401

*parenthetical values represent the number of isamers quantitated.
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small standard déviations (SD) on our three separate grab samples with
separate extractions provide evidence that both the Sampling procedure and
the extraction and analysis steps exhibit good quality control.

Replicate number 3 was divided and sent tc Batielle Northwest in
Sequim, Washington and the Lawrence Livermore Laboratory in California. At
the time of this report, only Battelle had _completed the analyses, which are
shown in the last column of Table 3. For many compounds, there is reason-
ably good agreement between SCCWRP data and the findings of Battelle, using
an additional clean-up step and capillary gas chromatography. Their values
are consistently higfler than ours, except where we quantitated more isomers
(methylnaphthalenes), Total values are less than a factor of two different,
but the list of compounds analyzed is not exactly the same. |

The final interlaboratory comparison is based on ana.lyé’és from thfée
laboratories of the same reference sediments, called Duwamish III. Table 4
compares the findings of NOAA, Lawrence Livermore, and SCCWRP. All three
sets of data are very similar providing perhaps the best evaluation of the

quality assurance provided by SCCWRP in this study for the CWRCB.
RESULTS

To simplify the presentation of the data, only the means will be present-
ed in the results section, combined with a description of the collection site.
The remaining details of the analytical data can be found in the appendix.

A summary of the mean total concentrations of detectable aromatic hydro-
carbons on a dry weight and total organic carbon (TOC) basis from each
station is presented in Table 5. The range of concentrations detected was
from 142 ng/g dry wt. at San Mateo Pt. (station 19) to 15,470 ng/g dry wt.
at the Inner Long Beach Harbor (station 6). Also shown in Table 5 are the
mean percent dry weights, which ranged from 22% at the Hyperion 7-mile
Outfall (station 3) to 81% at the Chevron OQOutfall (station 1), and the mean
percent TOC values, which ranged from 0,42% at the Chevron Outfall (station
1) to 6.38% at the Hyperion 7-mile Outfall (station 3). Percent dry weight



Table 3.

ANALYSES OF PAH IN SEDIMENTS FROM THE |
L0OS ANGELES COUNTY OUTFALL {PV-7-3)

{ng/g dry)
Swartz Malins SCCWRP
: et al et al. - Mean + SCCWRP Battelle

Compound (1980*) (1985) SD Rep #3 Rep #3
Naphthalene ' - 7 87 + 21 - 90 139
Trimethylnaphthalene - - 701 + 263 962 510
Acenaphthene - 160 <2 <16 <16 68
Fluorene - <2 16 + 4 20 286
Anthracene 623 <2 52 + 17 49 - 268
Phenanthrene 290 <2 197 + 39 231 395
Methylphenanthrenes - <2 773 + 244 1053 709
Fluoranthene 294 67 157 + 61 109 907
Benzofluoranthenes - - - 746 + 53 689 1344
Pyrene 838 290 401 + 43 387 1969
Benzo (a)anthracene 1,330 4 166 + 15 170 475
Chrysene 606 9 274 + 13 261 1549
Benzo(a)pyrene - - 19 317 + 8 309 - 1278
Benzo({g,h,i}perylene - - 217 + 26 192 273

Totals** 9082 14956

*Time of collection but publication was in 1985.
**TIncludes compounds not listed above



Table 4.

CONCENTRATIONS (ng/ dry g) OF PAHs IN DUWAMISH III SEDIMENTS
FROM THREE DIFFERENT LABORATORIES

Naphthalene
Acenaphthylene
Acenaphthene
Fluorene
Phenanthrene
Anthracene
Fluoranthene

Pyrene

Chrysene

Bengz (a)anthracene
Benzo (b) flucoranthene
Benzo (k) fluoranthene
Benzo(e)pyrene
Benzo (a) pyrene

Benzo{g,h,i) perylene

*Personal communication

**Not analyzed

SCCWRP Lawrence Livermore* NOAA
{n=1) (n=8) (n=2)
300 163 + 92 340
67 198 + 120 NA**
302 196 + 76 330
465 241 + 90 340
2279 1931 + 278 2400
512 515 + 103 616
3795 3423 + 465 3800
4228 4254 + 412 4100
1691 4088 + 1698 NA
2117 2250 + 567 1806
2898 3782 + 534 NA
1441 1147 + 685 NA
3126 2790 + 241 2000
3617 3244 + 522 1800
3613 1560 313 NA

ig
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TABLE. 5. SUMMARY OF PAH ANALYSES FOR. 7 émﬁﬁge—?\w

SOUTHERN: CALIFURNTA SEDIMENT STATIONS

Total PAH
(mean)

Mean  Mean ng/g uglg

Sta. Location $ dry % TOC  dry TOC .
m Chevron Outfall 81  0.42 218 78
(z1 5-Mile Outfall 64 0.79 - 393 50
3 7-Mile Outfall 22 6.38 11317 190
4l PV Outfall 37  4.28 7902 189
5 Mid-LA Harbor 52 1.45 1384 97
6 LB-Inner Harbor 48 2.78 15470 568
LA River Mouth 53 2.56 8599 3386

8 Upper LA River 66 1.97 © 3564 1381
19 Mid LA River 82 0.44 892 236
10} Lower LA River 83 1.20 712 83
San Gabriel River 43 2.49 3242 131
(12] Orange Co. Outfall 65 2.11 3528 182
L Warner Bridge 66 1.42 1204 76
4] PCH Bridge 72 1.06 165 15
15/ Rhine Channel 39 1.86 2208 115
16 Back Bay Newport 49 1.17 706 59
1 Sarita Ana River 68 '0.58 270 48
18} Dana Pt. Harbor 53 1.13 47T 42
{191  San Mateo Pt. 58 1.06 142 13
20 San Diego Outfall 64 0.69 154 22
(21 San Diego Bay (N) 65 0.62 1205 197
San Diego Bay (NASSCO) 43 1.89 7588 401

3| San Diego Bay (Chollas) 49 1.63 5459 336
24 San Diego Bay (7th St.) 50  2.28 12802 562

11



gives an indication of the grain size of collected sediments. Sand, about 80%
dry weight, is found at the Chevron Outfall (station 1); while the finest
sediments contain more water, and are found at the Hyperion 7-mile QOutfall
and the Palos Verdes Outfall (stations 3 and 4, respectively). Percent TOC
is a normalization approach gaining acceptance in the scientific community, as
it provides some estimate of the bloavallablhty of the bound hydrocarbons,

The remaining portion of this section will prov1de a review of the poten-
tial sources of contamination to the sediments, followed by the results of the

analyses. Figure 1 illustrates the locations of the stations.

Station 1. Chevron Outfall (4/21/86)*

Station_. 1 is located approximately 250 meters off the beach in 3.6
meters of water at the end of the Chevron El Segundo Petroleum Refinery
outfall. The sample consisted of medium grain sand. The outfall diécharges |
approximately seven million gallons per day (MGD) of process and cooling
water. Seaward of the out_fa]l,r petroleum products are transfered between “
the refinery and tankers by means of é.ubmergéd pipelines.

It might be expected that a considerable amount of petroleum would be
incorporated into the sediments surrounding this outfall. However, relatively
low concentrations of  aromatics, ranging  from phenanthfene to
benzo(g,h,i)perylene were detected in the three replicates from this station.
The total of all measured aromatic hydrocarbons was only 218 ng/dry g
(ppb), or 76 ug/g TOC. The energy of this nearshore environment and the
corresponding large grain size (sand with 19% water content) are the factors
likely producing the relatively low concentration. Since the organic content
was low at this station, normalization resulted in a value that is greater than
station 2 (5-mile outfall), which exhibited a higher TOC content.

Station 2. Hyperion Five Mile Outfall (4/21/86)

Station 2 is located in 60 meters of water between the two diffuser legs

of the five mile outfall. The sediment sample consisted of silty sand. The

*Date of Sampling
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outfall discharges approximately 400 MGD of 3:1 primary:secondary effluent.
The seven mile outfall is closest additional botential source of contaminants.

PAH analyses of these sediments show relatively low concentrations of
individual components (generally 10-30 ng/dry g) producing a total value of
393 ng PAH/dry g or 50ug/g TOC. Naphthalenes and ph‘enanthrenes -are
present at about the same concentration as higher molecular weight com-
pounds. It should be noted that the concentration of particulate matter in
the 5-mile effluent is much lower than from the discharge of sludge from the
T-mile outfall. The flow of the 5-mile pipe is about 2 orders of magnitude
greater than that at the T-mile outfall and the total mass emission of solids is
about the same (40,000 mt/y). The concentrat’ic_)n 6f solids is therefore about
2 order of magnitude higher in the 7-mile outfall, The findings at Station 2
should therefore be compared to those at the 7-mile site below.

Station 3. Hyperion Seven Mile Outfali (4/21/86) _

Station 3 is located in 154 meters of water near the.-head of the Santa
Monica Canyon. The sample was black with a very' high orgaﬁic content,
The outfall discharges approximately 3 MGD of digested sludge diluted with 2
MGD of secondary effluent at the head of the canyon in. 100 meters of wéter.
The concentrations of metals and organies in the sludge are ﬁkely 'to‘ be
relatively high. _

The total concentration of PAH found at this site (11,317 ng/dry g) was
about 30 times greater than the value for the 5-mile outfall. Most components
guantitated were well represented in the sediments at generally 100 to 1000
ng/dry. g. Therefore, the majority of the con.témina.nts - deposited in Santa
Monica Bay are from the discharge of sludge. It is expected that this major
input will be drastically reduced in the near future as the sludge line is
terminated and the material is combusted. Due to the high organic content of
the sludge, the normalized PAH concentration is less than fbur timeé (199
ug/g TOC) the concentration at the 5-mile outfall,

Station 4. White Point Outfall (7/25/86)
Station 4 is in 64 meters of water near the diffuser at the end of Los

Angeles County Sanitation District's outfall. The ‘sediment was silt with a
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strong sulfide smell. The Joint Water Pollution Control Plant (JWPCP)
dicharges about 350 MGD of 0.9:1.0 advanced-primary:secondary effluent.
This station is also identified as Palos Verdes 7-3 in reports from JWPCP and
SCCWRP. Historic discharges from this outfall are also a potential source of
contaminants.

The samples taken from this location contained a total PAH concentration
of 7,902 ng/g dry weight of sediment. There were detectable amounts of all
quantitated aromatic hydrocarbons, except benzo(k)fluoranthene. Significant
amounts of naphthalenes rand phenanthrenes were present which indicates the
presence of petroleum products in the discharged wastes. As will be noted
later, naphthalenes are not present in a inajority of the samples, probably
due to both higher solubility (than most other compounds) and relatively
rapid rates of degradation. There are multiple sources for most of the other
high molecular weight compounds and it is not surprising to find these in
discharge that collects wastes from an exceptionally large area. The relative-
ly high TOC content of the sediment (74‘28%) produced a normalized value of .
189 ug/g TOC. | | |
Station 5. Mid-Los Angeles Harbor (6/27/86)

Station 5 is near Fish Harbor in the outer portion of the Los Angeles
Harbor, midway between the San Pedro and Lorig Beach entrance in the
breakwater, in seven meters of water. The sediment contained'.silt and clay
with no sulfide smell. The site is near the Terminal Island Sewage Treatment
Plant outfall which discharges about 15 MGD of secondary efﬂﬁent.. There
are many potential sources of petroleum contamination in the general harbor
area.

The Station in mid-harbor is intermediate in contamination with a total
concentration of 1,384 ng of PAH per g dry weight. The lowest molecular
weight compound detected was phenanthrene at 16 ng/dry g. The ‘majority of
contamination was from pyrene, benzo(b)ﬂuofanthene, benzo(e and a)pyrene
and perylene. These compounds could have been contributed by aerial trans-

port, storm runoff, waste discharge from terminal island and spillage of
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petroleum products. The lack of low molecular weight compounds indicates no
recent spills of petroleum. The normalized value was 97 nug/g TOC.
Station 6. Long Beach Inner Harbor (6/27/86)

Station 6 is in the East Turning Basin within the inner Long Beach
Harbor in 15 meters of water. The sample was silty cléy with a slight suifide
smell, The largest probable source of contaminants is the Dominguez Channel
which historically discharged highly contaminated petroleum effluents but
there is also considei-a_b}erindus-trial' and shipping activity in this region.

The concentration of aromatic hydrocarbons measured at this station is
the highest of the 24 sites sampled in this study. Theitota‘l concentration of
15,470 ng/ di'y g is high even for harbor areas as will be clear after review-
ing .our remaining staﬁons-. Most com'pouxids‘ on our lst were present in
significant quahtitie's -inclﬁding the néphthalenes and phenanthrenes. Numer-
ous compounds between phenanthrene and benzo(g,_h,i)perylene,afe prése‘nt at

concentratiohs of 0.5 to over 1.0 parts per million (ug/g). Petroleum related
| activities (pﬁs-t and present) combined with the fueling of large vessels are
likely responsible for the contamination. Even after dividing by a TOC value
of 2.78%, the normalized concentration is the highest observed rin this study
(568 u/g TOC). It is unlikely thaf 'brenthic organisms could survive in these
sediments, but bibaséays would‘ be required to test the specific toxicity.
Station 7. Los Angeles River Mouth (6/27/86) ‘

Station séve-n is located in the middle of Qu’eensway B-ajr just below the
last bridge crossing the Los Angeles River. The sample was black silt wi{h
some clay, and had a slight sulfide smell. ' Storm water runoff down the river
is the most likely source of contaminated sediments,

Analyées show that this material is very similar in both total concentra-
tion and component composition to the sediment collected from the Palos
Verdes outfall of Los Angeles County. The total concentration was 8,599
ngldry g of aromatic hydrocarbons 7(_336 ug/ g TOC) and naphthalenes and
phenanthrenes were well represented. It is most interesting that the sedi-
ments deposited in a basin at the mouth of the Los Angeles River are very

similar to those discharged from a major outfall and both collect drainage from
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the same region. The inner harbor which lies between the two sites contaiils
about twice as much of the same compounds indicating storm runoff as a major
contributor.

Station 8. Los Angeles River (upper) (4/24/86) |

Station 8 is located in the San Fernando Valley just below Balboa Ave-
nué. The rivér bottom is not lined in this area but the sides are rock rein-
forced, The sample contained sand, silt and”a small amount of black organic
material, This site is above the oil spill channel which experienced a spill
about two weeks before sampling. The site is above any mﬁ_nicipai effluent
inputs and the flow is principally due to stream. and road runoff.

These samples contained about one-half the amounts of most aromatic
hydrocarbons found at Station 7. Total concentration (3,564 ng/dry g) and
component analyses follow this pattern, except that naphthalenes are- nbt
present. This indicates that much of the c‘bntaminatioﬁ on particles finally
deposited at the river mouth is being | “colle'cted’_' from up-river, but the
source of the lower molecular weight comi)ounds- is farther down-river. There
was a moderaﬂey high organié content (1.97% TOC) producing a normalized
value of 181 ug/g TOC. |
Station 9. Los Angeles River (mid) (4/24/86)

Approximately 20,000 gallons of oil spilied from a pipe rupture in a small
tributary storm channel between § a.nd-'? April, 1986. 7

Statiorn 9 is about 400 meters downstream of Station 8 and 200 meters
below the small storm channel. The sample consisted of sand that had a
slight petroleum smell. | - |

While it was suspected this sample may contain components of petroleum
from a recent spill, there is little evidence of oil. As noted for the Chevron
outfall (Station 1), sand does not retain hydrophobic compounds, gs‘ petroleum
hydrocarbons, as well as silt and clay. "I‘he lower total value (892 ng/dry g)
found at this site compared to upstream is _further evidence of this fact.
This sample exhibited a higher normalized value (236 ug/g TOC) because of
the low TOC content (0.44%).
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Station 10. Los Angeles River (lower) (4/25/86)

Station 10 is in Long Beach just below the Willow Street bridge. The
sample was taken at the upper end of the tidal prism where the concrete
lining ends. The sample consisted of coarse sand that had a slight petroleum
smell, There were still oil booms and vacuum trucks deployed but only traces
of oil in the water from the spill two weeks earlier. .

“ These sediments were very similar to those coilected at Station 9,
up-river, It is likely the nature of the sediments (sand) produced the same
relatively low (712 ng/dry g) concentration, There was still no evidence of
fresh oil, as the naphthalenes were a_bsenf. The TOC content of this sampie
wds about three ‘times higher than station 9 (1.20%) which produced a normal-
ized PAH value of 83 ug/g TOC. |
Station 11, San Gabriel River (7/9/86)

| Statioh 11 is located in the upper tidal prism just above the College Park
bridge. The San Gabriel River and Coyote Creek' cbmbihe a short distance
~above this site. The sample was composed of sil_t- and had a sﬁght. petroléum
sméll. Municipal wa.st'éwater effluents and road runoff are responsible for
most of the flow. '

While no signs of fresh petfoleum inputs (naphthalénes) were evident in
these sediments, the total cbncentration of PAH ('3,2.42 ng'/dry g) is consider-
able higher than stations 9 and 10, above-,'frbm the LA river. The concen-
trations of each of the componeﬁts are about one-half of the values shown for
the -.Los Angeles River mouth (Station T7), ex—cépf the concentrations of
naphthalenes and phenanthrenes are considerably lower in the San Gabriel
River. There would seem to be more petroleum input to the Los Angeles
Rﬁrer, but the sediments from 6ur sampling of Stations 9 and 10 do not well
represent the concentrations on particles deposited in Queensway Bay (station
7). The concentration of TOC (2.4%) at station 11 was similar to that at the
L.A. River mouth {station 7'), but the normalized concentration was lower

(131 ¥g/g TOC).
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Station 12. Orange County Cutfall (6/6/86)

Station 12 is located 8 kilometers off Huntington Beach in 60 meters of
water at the end of the Orange County Sanitation Districts outfall. The
sample was a silty clay with a slight sulfide smell. The Orange County
outfall discharges 230 MGD of 1:2 primary:secondary effluent.

Sediments from the outfall site contain a total of 3,528 ng PAH/dry g
and most components measured (including nsphthalenes) were present.
Concentrations of individual compounds are abdut_ one-half those at the Palos
Verdes Outfall, except the proportion of naphthalenes and phenanthrenes is
lower in sediments from Orange County. This may mean that inputs to the
district from petroleum activities are under better control. The sediments
contained an hit_ermediate level of TOC (2.11%) and the normalized value for .
PAH was 182 ug/g TOC. Normalization increases the relative ranking of this
station as compared to all other stations. Recent data from the monitoring-
program and" SCCWRP indicate that levels drop sharply during the winter:
Station: 13. Anaheim Bay (Warner Bridge) (7/31/86)

Station 13 is located. in Anaheim Bay close to the chanmel that links
Bolsa Chica Reserve with Anaheim Bay. The sanipIe was taken in 3 meters of.
water and consisted of clay, silt and sand with a slight sulﬁde smell,
Possible sources of contaminants are road runoff, yacht slips, and the
extensive oil fields bordering Bolsa Chica,

The total concentration of aromatic hydrocarbons (1,204 ng/dry g) was
higher than might be expected for this type of small marina. Fluoranthene,
pyrene, chrysene and benzo(b)fluoranthene were the major contaminants, but
phenanthrenes and high molecular weight compounds were present in éigniﬁ-
‘cant amounts. It would appear that storm _runoff produces a significant input
to this site, since Station 14, on the seaward side of this small harbor con-
tains much less PAH contamination. The intermediate TOC content (1.42%)
produced a normalized value of 76 .“g/ g ’I‘OC
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Station 14. Anaheim Bay - Edinger Street
(Pacific Coast Highway Bridge) (7/31/86)

Station 14 is located in the entrance channel to Anaheim Bay just sea-
ward of Pacific Coast Highway. The samples were taken in five meters of
water and were composed of silty sand. Potential sources of contamination
are: storm drains, small boat traffic and any discharges from the Navél
weapons depot.

PAH concentrations at this station were about one order of magnitude
lower (1865 ng/dry g) than those of Station 13.  Certainly, the higher flush~
ing rate of the site contributed to the difference, but the inputs from runoff
may not be ds direct as those for Station 13. It would not appear that Naval
activities in the area have contributed any PAH contamination to this channel
entrance, TOC content was 1.06%, and th_g normalized PAH value was near
the lowest found in this study (15 pg/g TOC).

Station 15. Newport Bay (Upper Rhine Channel) {6/19/86)

Station 15 is located in the westérn end of lower Newport Bay near the
entrance to Rhine Channei. The sample was taken in 3 .meter.s of water and
consisted of silt and clay. In addition to the many yachts there were several
boat repair facilities throughout this part of the bay.

This inrer harbor station contained higher PAH levels than some of the
sites in Los Angeles Harbor and San Diego Bay which receive better exchange
with the ocean. The fotal PAH concentration of 2,208 ng/dry g represented
primarily. high molecular weight compounds (ﬂuoranthene‘«benzo('g,h,.i)péry-—
lene). There was no evidence of recent inputs of fresh petroleum products.
The TOC value of 1.86% produced a normalized PAH content of 115 ug/g TOC.
Station 16. Newport Bay (Back bay) (6/19/86) '

Station 16 is located in the main inflow channel from back Newport Bay
near the Néw‘por‘t‘ Dunes Aquatie Park. '_fhé sample was colledted in two
meters of water and consisted of silty clay. In addition to the genersl harbor
sources of contaminants, upper Newport harbor receives considerable storm

runoff and sediments in the rainy season.
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There was an unusual pattern of contamination from aromatic hydrocar-
bons, while the total concentration was relatively low (706 ng/dry g). About
one-half of the contamination was from naphthalene (355 ng/dry g), but
alkylnaphthalenes and phenanthrenes were not present. Diesel oil which may
have been spilled from nearby dredging operations would have contained high
amounts of naphthalene and alkylnaphthalenes. The parent compound would
also degrade faster than the methylated isomers. Either 2 of the 3 sample
containers were contaminated with naphthalene, which is very unlikely, or
there was some recent discharge of this compound in the area. After normal-
ization (1.17% TOC), the PAH value was 59 ug/g TOC.

Station 17. Santa Ana River (Prado Dam) (7/3/86)

Station 17 is 100 yards below the Prado Dam release gate, whi'c-h is
approximately 26 miles above the mouth of the Santa Ana River. The sample
was taken from mid stream and consisted of dark sandy silt. The drainage
basin above the dam is mostly undeveloped or agricultural.

There were very small amounts of several PAH compounds in this sample,
but the sediments were, in general, relatiirely clean (270 ng/dry g). THhe low
TOC content (0.48%) produced a normalized value of 48 ug/g TOC.

Station 18. Dana Point Harbor (5/8/86)

Station 18 is located in 5 meters of'_ water on the eastern side of Dana
Point Harbor. - The sediment was composed of silty clay. This station is
located . a short distance from the fuel dock so hydrocarbon contamination
might be expected.

Even though this sample was taken in an area near fueling operations
and exchange with ocean water is somewhat restricted, the concentration of
PAH was not particularly.high (477 ng/dry g). There were small amounts of
moét compounds between phenanthrene and benzo(g,h,i)perylene. After
normalization (1.13% TOC), the PAH value was 42 pg/g TOC.

Station 19. San Mateo Point (7/25/86)
Station 19 is located 4.5 kilometers off San Mateo Point (south of Dana

Point) in 60 meters of water. The sample was composed of silty clay. This
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site is considered a reference site due to past studies and because of the
distance to any substantial point sources.

Since these samples contained the lowest concentrations of aromatic
hydrccarbons found in sediments from this study (142 ng/dry g and 13 ugl/g
TOC), it is apparently a suitable reference site. = After examining all the
stations, we will return to the question regarding what is a reasonable back-
ground concentration for PAH in coastal southern California sediments.

Station 20. San Diego Outfsll (6/30/86)

Station 20 is located between the diffuser legs of the Point Loma outfall
in 74 meters of water. The sample consisted of silty clay. The outfall
discharges 140 MGD of prifna_ry effluent and would be the most likely source
of contamination. | o

It is rather surprising that sediments from this__station, very near the
outfall, contain concentrations of PAH only slightly higher than the reference
site (Station 19) and well below most other stations (154 ng/dry g). Appar-
ently, discharged particulates are not being deposited near the outfall, The
relatively low TOC value (0.62%) and the low normalized PAH (;onc_entr.ation
(22 ugfg TOC) also indicate there is little deposition of contaminated parti-
cles.

Station 21. San Diego Bay (North) (7)1!86)_

Station 21 is located in the northern part of San Diego Bay adjacent to a
large storm outfail that drains San Diego International Airport. The sample
was collected in 3.5 meters of water and consisted of silty clay. Runoff from
the airport is a likely source of contaminants and other inputs from the
harbor activities are possibie.

The total concentration of PAH from this site (1,205 ng/dry g) and the
component composition is very similar to lStation 13 in Anaheim Bay. The
types and levels of contaminants éntering both of these back bay stations
near storm channels appear to be very similar.r However, the TOC value for
this station is about one-half of station 13, and the normalized PAH concen-

tration is therefore about two times as high (197 ug/g TOC).
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Station 22. San Diego Bay (NASSCO Docks) (7/1/86)

Station 22 is located south of the Coronado Bridge near the docks of
National Steel and Shipbuilding Company (NASSCO) in ¢ nieters of water.
The sample consisted of silty clay. The ship yard and other shore facilities
in the area are potential sources of contaminants. The concentrations of PAH
were relatively high (7,588 ng/dry g or 401 ug/g TOC), even when the hig"h
TOC wvalue (1.89%) is considered. This station ranks sixth highest on one
-'Iist and fourth on the normalized list. _

Station 23. San Diego Bay (Chollas Creek) (7/1/86)

Station 23 is located among the San Diego Naval Station
docks at the mouth of Chollas Creek. The sample was taken in 9 meters of
..water and was composed of silty clay.

Runoff from Chollas Creek and the Naval ship activities are potential
sources of contaminants. The composition of these samples is very similar to
that of Station 22, but the amounts of each compound are slightly lower, |
leading to a total of 5,459 ng PAH/dry g sediment and 336 ug/g TOC. There
was even a small amount of naphthalene, as at Station 22, without any contri-
bution from alkylnaphthalenes. After discussing the next sample along San
Diego Bay, a comparison of the three will be made.

Station 24. San Diego Bay (Seventh Street Channel) (7‘[‘1]86)

Station 24 is near the southern end of the San Diego Nawval Station at
the end of the Seventh Street Channel in 6 meters of water. The sample was
silty clay with a slight petroleum and suifide smell. A small amount of sand
and gravel was in the lower portion of the grab. Besides the general hérbor
traffic, the channel is lined with Naval fuel dock facilities. While some con-
taminants could enter tﬁe channel from storm runcff, the most likely contami-
nants will be petroleum products from fueling activities. -

The total level of PAH contamination at this station (12,802 ng/dry g or
562 ug/g TOC) is second only to the inner i;ong Beach Harbor sample (Station
6). All of the same components were present at similar concentrations except
methylnaphthalenes, which were below the detection limit at Station 24 (<9
ng/g). It appears that Stations 6 and 24 represent the higher end (perhaps
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not maximum) of contaminated harbor sediments. There- are likely muitiple:
inputs including- stormr drains and petroleum operations. |

Napthalene can often be associated with relatively recent inputs of
diesel oil and other- fuels, but it is generally accompanied by a number of
alkymaphthalenes; At Stations 22 a.ﬁd 23 only naphthalene was detected, but
individual isomers of the alkylnaphthalenes may- have been: present at just
bhelow  the detectiomr limits for each component (about 10-20 ngidry g). Since
there were ten individual alkylnaphthalene isomers.(2 methyi-, 6 dimethy14
and 2 trimethylnaphthalenés) quantitated in this studjr, there: could be from:
100 to 200 ng/dry g present in the samples. but not detected. This may allow
the conclusion that petroléum contributed to .the contamination in the last
three stations (22-24) but the varying degree of detection somewhat masks
the pattern..

CONCLUSIONS:

Summary- of Findings

The results of our studies show- that: there may be two sets of stations;
those with moderate to low PAH contamination, and those with relatively high
contamination. On a dry weight basis, stations with total PAH values below
about 3 ug/g (ppm, dry weight) form a group of 17 sites (Figure 2). Three
of these stations (8, 11, and 12) might be considered a subgroup, as their-
concentrations are about two times most others, and they are in the 2-3 ‘ppm
range. The stations of greatest concerm are those that contain PAH concen-
-trations between about 5 and 15 ug/g dry weight. These seven stations (3,
4, 6, 7, 22, 23, and 24) contain lex}els of PAH that may be toxic to marine
organisms.

When the total PAH values are normalized to total orgamic carbon
content of the sediments, there are changes in the ranking of the stations
from low to -h‘igh (Figure 3). Stations 3 and 4 decrease to levels similar to

many of the other sites and stations 8 through 12 are increased to
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concentrations that are in the higher half of the total stations. Since
normalization of sediment- concentrations by dividing by TOC is generally
believed to produce better estimates of the bicavailable fraction of total PAH,
stations 8 through 12 should be included in the list of stations with
potentially toxic sediments. There are 11 stations with normalized total PAH
concentrations above 181 pglg TOC. It would be logical to select these
sediments for toxicity testing to determine if TOC normaliiation indeed
predicts the awvailable and toxic portion of PAH contamination on sediment.

The specific PAH composition of contaminated sediment can be used fo
describe possible sources of inputs into each location. Boehm and_Farrin'g'ton
(1984) discussed ranges of assemblages from pyrogenic to those containing
significant amounts of fossil fuel. The ratio of fossil fuel components to
pyrogenic ones can be expressed as the fossil fuel pollution index (FFPI)
which we have calculated for our samples (Figure 4). Although our results
did not include the dibenzothiophenes, the FF¥PI can still be used to indicate
sources i.e. the lower the FFPI, the more abundant the pyrogenic
components. The FFPI for our study ranged from .01 for the San Diego
Outfall (Station 20) to .51 for Newport Backbay (Station 186).

Further analysis of the PAH assemblages was done u_sihg_ average link
clustering of euclidean distances, which grouped our stations into three main
groups plus four other stations that were independant '(Figure 4). This
analysis again shows that stations with a high abundance of. fogsil fuel PAHs
grouped seprately from those with significant amounts of pyrogenic PAHs
(Figures 5-9), Starting at the stations with a high influence of fossil fuel
PAHs (Figure 5) it can be seen that Group 1 contained a single station,
Newport Backbay (Station 16), which contained a high abundance of
naphthalene relative to the other PAHs (FFPI=.51-).' Next, Group 2 contained
the Hyperion 7-mile sludge outfall (Station 3), and is also dominated by fossil
fuel PAHs (FFPI=.47) contained in the sludg'e. Also shown in Figure 5 is the
other extreme of PAH distribution, exhibited by two stations (24 and 5) which
are not closely associated with any of the other groups.

Group 3 contained Stations 10,9,18,7,19, and 4 which were less influ-
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Figure 4. Dendrogram of PAH similarity using average 1link
clustering by euclidean distances. Distances are arbitrary
numbers, the lower the distance, the more similar the

clustering.

Sta# Location  FFPI* Distances

[16 Newport Backbay .51

]__3_' Hyperion 7-mile 47
70 Lower L.A. River .35
9 Mid L.A, River +28
18 Dana Point Harbor .35
7 L.A. River Mouth .25
19 San Mateo R§2-60 .38
4 P.V., Qutfall 7-3 .41

2 Hyperibn's-miie <21
21 N. San Diego Bay .09
6 East Basin - W18
12 0.C. Qutfall - .16
11 San Gabriel River .08
8 Upper L.A., River .13

o= = ] |

.l Chevron Outfall .08

75 Rhine Channel .03 B

23 Chollas Creek .05

20 Pt. Loma Outfail .01

13 Warner'Avenué .08

17 Santa Ana River .06 '
14 PCH Bridge : .02

22 NASSCO .05

B3 7th Street .05 —_— ]

E Mid L.A., Harbor .05

*Fossil .Fuel Pollution Index calculated by the formula:
{Total Naphthafenes (CO-Ca} + 1/2 Phenanthrenes (CO-Cl} +
Total Phenanthrenes (CZ—CS)) / Total PAHs:

Modified from Boehm and Farrington (1984},
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enced by fossil fuel PAHs (FFPI=.25-.44) but are still dominated by them.
This group contains stations from the LA River and the LA County outfall
which my have similar sources of PAHs -(Figure 8). Group 4 (Figure 7T)
contained Stations 2, 21, 6, 12, 11, 8, and 1 and are mid way between fossil
fuel PAHs and pyrogenic ones (FFPI:.OS—.Z’I). It is interesting to note that
Station 8 which is located at the upper end of the LA River grouped sepé_—
rately from the other LA River stations (10, 9, and 7). This may be due to
the fact that Station 8 was above an oil spill that ocurred just pﬁor to sam-
pling, and the lower stations were influenced by that spill giving a higher
FFPI. Group 5 (Figure 8) also contained several stations (15, 23, 20, 13,
‘17 » 14, and 22) thatr are beginning to. be dominated by pyrogenic PAHs
(FFPI=.02-.08). - As shown above (Figure 5), Group 6 contained the San
Diego Harbor 7th Street sample (Station 24) which was significantly influenced
by pyrogenic PAHs (FFPI=.05) and was dominated by Benzofluoranthenes
: (Figure 5). Finally, Group 7 contained the Mid LA Harbor sample (Station 5)
which also had a high degree of pyrogenic PAHs (FFPI=.05), but was sepa-
rated because it was the only station with a significant amount of perylene. -
The final comparison of PAH distribution was prepared by plotting mean
‘percent contribution va.hies for the stations éomp-rising groups 3, 4, and 5
(Figure 9). This illustration demonétra‘ces the shift in PAHV distribution from
naphthalenes and high phenanthrenes (Group 3) to small amounts of the latter
(Group 4) to the absence of naphthalenes and very low amounts of phenan-

threnes (Group 5).

Review of Literature on Petroleum Effectis

Recognizing that the most contaminated sites in this study range between
5 and 15 ppm dry weight and about 200 to 570 ppm TOC, the potential biolog-
ical effects of these concentrations should be evaluated. Following oil spills
or near a chronic point discharge of hydfocarbon—contanﬁnated wastewater,
hydrocarbons' (PAH) tend to accumulate in bottom sediments. Once incorpo-
rated into marine sediments, hydrocarbons may be quite persistent, and

impacts have tended to be most persistent, and recovery slowest, in benthic
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Figures 5-8. Relative abundance (percent) of aromatic hydrocarbons at the
sampling stations. Numbers used on figures correspond to the compounds

listed below.

Compound # Name
5 Naphthalene
6 C1l-Naphthsalenes(2)
7 C2-Naphthalenes(6)
8 C3-Naphthalenes(2)
9 Biphenyl
10 . Acenaphthylene
11 Acenaphthene
12 ' Fluorene
13 Phenanthrene
14 Cl-Phenanthrenes(4)
15 C2~Phenaiithrenes( 2 )
16 C3-Phenanthrenes(2)
17 ' Anthracene |
18 Fluoranthene
19 " Pyrene
20 2, 3-Benzofluorene
21 - Benz{a)anthracene
22 Chrysene/Triphenylene
23 Benzofluoranthenes
24 Benzo(e)pyrene
25 Benzo(a)pyrene
26. Perylene
27 9, IB-Diphenylanthracene
28 ' Dibenz(a,h)anthracene
29 Benzo(g,h,i)perylene
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Figure 5.

Station 3:Hyperion 7-Mile Outfall

Station 16:Newport Backbay
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Station 5:Mid Los Angeles Harbor

Station 24:San Diego Bay at 7th Street
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Figure 6.

Station 9:Mid LA River
Total PAH=892 ppb dry wt
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Station 7:LA River Mouth—At Queensway

Station 18:Danu Point Marina

Total PAH=B589 ppb dry wt
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Figure 6, Continued,

Station 19:Reference Site R52-60

Total PAH=142 ppb dry wt
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Station 4:PV Outfall Station 7—3

Total PAH=7802 ppb dry wt
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Figure 7.

Station 21:North San Diego Bay

Station 2: Hyperion 5—~Mile Outfall
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Station 12:0range County Outfall

Station 6:East Turning Basin
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Continued,
Station 11:San Gabriel River

Figure 7,
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Figure 8.

Station 23:Chollas Creek—San Diego Bay

Station 15:Rhine Channel
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Station 13:Angheim Bay at Warner Ave.
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Figure 8, Continued,

Station 17:Santa Ana River

Bay at PCH Bridge
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GROUP 4:Stations 2,21,6,12,11,8 & 1
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Figure 9.

of aromatic hydrocarbons for groups of

stations exhibiting a similar pattern

(see Figure 4.).
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sedimenfary environments. (see recent reviews by Teal and Howarth, 1984;
and National Academy of Sciences, 1985). Much of our knowledge of the
effects of PAH contaminated sediments on benthic populations and communities
comes from opportunistic studies following oil spills. In many cases, an
incomplete understanding of the strueture and dynamics of the benthic com-
munities prior to the spill has hampered int_erpret‘atibn of the magnitude and
duration of adverse impacts from the spill. There have been relatively few
carefully designed and ekecuted laboratory studies of the effects of
PAH-contaminated sediments cn benthic marine brganisms. 7

. Before considering the concentrations of individual or total PAH on
sediments that have produced effects-on marine species, it should be noted
that much of the research has quantitated exposures on & basis of oil added
to sediment or measured total hydrocarbons (infrared analysis). A relatively -
small portion of these total oil concentrations is represented by aromatic
hydrocarbons, Anderson et al. (1983) mixed oil with sediment to produce a
total oil concentration of about 1,000 ppm, but only about 2% of that concen—
tration consisted of aromstics between alkylbenzenes and dibenzothiophenes.
A percentage of between 2 and 4% is a reasonably accurate estimate of the
PAH content of sediments contaminated with fresh oil and measured on a
vblume- basis or by infrared spectrometry. With this conversion factor in
mind, it is useful to review the limited literature on the effects of oil (and
PAH) contaminated sediments. Several studies have shown & lack of signifi-
cant mortality of benthic -animals during exposures to concentrations of oil in
sediments in excess of 1000 ppm (Wells and Sprague, 1976; Anderson et al.,
1977; Roesijadi et al., 1977 and 1978). Krebs and Burns (1977) reported the
mortality and adverse responses of the fiddler crab, Ueca, living in sediment
containing 1000 to 7000 ppm of petroleum hydrocarbons. Shaw et al. (1976)
reported mortality of the clam, Macoma balthica, from sediment containing

640-3890 ppm (dry weight).

Investigations have also been performed of the sublethal responses of
benthic marine invertebrates to oil-contaminated sediment or food (Percy,

1976; Shaw et al., 1976; Taylor and Karinen, 1977; Roesijadi and Anderson,
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1879; and Augenfeld, 1980). The Arctic amphipod, QOnisimus affinis, avoided

oil-tainted food as well as oil masses, but the response diminished with
pre-exposure to oil and with the use of weathered oil (Percy, 1976). Taylor

and Karinen (1977) studied the behavior of the detritivore, Macoma balthica,

in response to oil-contaminated substratc__a and oil extracts flowing over clean .
substrates. Since the clams burrow to the surface before dying (95%), they
determined that 50% of those exposed foi' three days to 0.37 ppm naphthalene
equivalents surfaced, and 0.2 ppm inhibited burrowing_ within 60 minutes.
Since a 1% (v/v) mixture of oil to seawater stirred for 20 h produces a
naphthalene equivalent concentration of about 0;38 ppm, the above values are
relatively high. Surface oiling of 870 mg’ oil._/cmz produced 50% surfacing by
the clams in 24 h. No death was recorded in these four- to six-day experi-
ments involving only a single oiling of the sediment. Shaw et al. (1976)
produced significant mortality in the same species by applying fresh oil at
doses of 5 mg of oil/cm2 daily for five days. Roesijadi and Anderson (1979)

found that Macoma inquinata exhibited reduced survival, reduced condition

index and reduced levels of free amino acids, particularly glycine, when
exposed in the laboratory or field to sediments contaminated to about 1,200
mg oil per kg. Augenfeld et al. (1980) determined that the filter-feeding

clam, Protothaca staminea, was more resistant to oiled substrates (about 1200

~ppm) than Macoma inguinata (detritivore) as demonstrated by both higher

survival and smaller alterations in free amino acid levels and condition index.

Similar studies on the polychaete, Abarenicola pacifica, have shown that

concentrations of 500 and 1000 ppm oil in sediment produced reduced feeding
(measured by egestion rate) and decreased tissue glycogen ~concentrations

(Augenfeld, 1980; Augenfeld e_f al., 1983). Clams (Protothaca staminea) less

than 30 mm in size showed reduced growth after one year in sediments con-
taminated with oil (1,251 - 5,176 ppm). Greater effects were shown when the
lower concentration of oil was mixed to depth (10 cm) in exposure trays
(Anderson et al., 1983). Four- and six-month exposures of the same species
to layers of sedirneﬁ_t containing either oil or oil plus chemical dispersant

(1:10) at about 2,000 to 3,000 ppm also reduced the rate of Protothaca
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§Ea_minea growth (Anderson et al.,, 1883).

In a study with the English sole, Parophrys vetulus conducted in Puget

‘Sound, MecCain et al. (1978) carefully examined the change in petroleum
hydrocarbon concentrations in the fish tissues and the exposizre sediments.
They found an effect on the growth of the English sole and liver pathology
resulting from exposﬁre to sediments containing 700 ppm (drj weighf)
Prudhoe Bay crude oil. Aromatic hydrocarbons, including trimethylbenzene
and naphthalenes, were found in the skin, muscle and liver of the fish at the
first time interval (11 d)., Later in the exposure (27 and 51 d) hydfocarbens
were only found in the liver, |

" Several biehavicral studies have been conducted with oil (Prudhoe Bay

crude) contaminated sediments and bivalves or fish. Pearson et al. (1981)

showed that the crab, Cancer ,mag‘iste_r, consumed more littleneck clams

(Protothaca staminea) from field enclosures eon_ta-ining_oﬂ_ed sediment (abOut'_
1,000 ppm) than from those with clean sand. They found in sﬁbs’equent’ tests
that clams in oiled sand exhibited more shallow burial and slower -reburrowi.ng
than in control sand. Ola and Bjeda (1983) conducted a similar series of

experiments with the hard clam (Mereenaria mercenaria) and alse found oiling

of sediments reduced the depth and rate of burrowing. The number of clams
buried in 96 h was reduced, from control values, at 1,000 ppm with fur_ther
reduction at 3,000 ppm.

. Sand lance Ammodytes hexapterus, is a prominent forage fish from

California through Alaska and is known to bury in sand during the night and
for long' overwintering periods. Pearson et al. (1984) showe& significantly
decreased fime spent buried in ciled {306 ppm) sand. In another experiﬁlent,
oiled sand at 28 and 256 ppm did not reduce burial, but 3,384 ppm did. The
lack of effect at 256 ppm corresponded to a higher condition index in the test
group than that of fish u'sed earlier (306__ ppm). There was .an apparent
interaction between the use of a contaminated ‘refuge- and the nutriticnal state
of the fish. ' Interaction between oil contamination and sediment grain size
preference for- A. hexapterus was studied by Pinto et al. (1984). Sand lance

avoided gravel and silt and preferred to bury in fine or coarse sands. The
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fish preferred clean gravel when sand was oiled at about 120 or 1,000 ppm.
If only silt and oiled sand are provided as choices, sand lance prefered to
remain in the water column,

The long-term environmental impacts of chronic low-level point-source
effluents containing PAH are quite different from those of massive oil spills.
There usually ‘is no massive die-off of marine fauna and flora. Instead, there
may be a gradient of impact, characterized by altered community stx'-ucture,'
abundance, and diversity extending around the pollutant source. There have
been several investigations of impacts of refinery effluents and oil tanker
terminals on the coastal marine environment  (see review of Dicks and Hartley,
1982), and a few studies of impacts of produced water discharges (see review
of Neff, 1985).

Reported impacts of effluents from oil refineries’ have been quite vari-
able. Impact's'.of. a refinery effluent to Littlewick Bay in Milfor Haven were
resti‘iéted to an area of about 200 meters “around the outfall. However a 3
refinéry effluent to the Medway estuary on the east coast. of Great Britain
caused substantial damage to intertidal macrofauna extending out to at least
1.5 km from the outfall (W‘arfe, 1975). Discharge of refitiery effluent to a
salt marsh environment on the south coast of Great Britain caused substatiai
damage to the salt marsh vegetation (Dicks and Hartley, 1982). Subtidal
bén-thic communities also we're damaged. Only two benthic polychaete species -
survived near the outfall. Effluent quality (hydrocarbon concentration) was
improved and volume decreased between 1972-1974. This resulted in a gradu-
al recovery of the salt marsh vegetation. After about ten years, the marsh
appeared healthy, though si}e'cies composition of plants and animals  still was
different from that in nearby uncontaminted areas.. Subtidally, there was
little evidence of recovery.

Perhaps the best investigation of the impacts of produced water and
related production discharges from oil platfoi'ms is that in Trinity Bay, Tex-
as. Trinity Bay is a shallow, low-salinity estuary. During the 20-month
timecourse of the Trinity Bay study, produced water with a mean total hydro-

carbon concentration of 15 ppm was discharged from the separator platform
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through an outfall one meter above the bottom, at a rate of 650,000 to
1,590,000 liters/day (Armstrong et al., 1979). Hydrocarbons were diluted
nearly 2,500-fold in the water column within 15 meters of the outfall. Bottom
sediments were heavily contaminated with medium molecular weight alkanes

( Cm—C n-paraffins) and aromatics (C, benzenes-trimethylphenanthrenes).

Tlfzre was a gradient of decreasin3g naphthalenes concentrations; from a
mean of about 21 ppm, 15 m from the outfall, to background, 500 to 4800 m
from the outfall, depending on direction. There was an inverse gradient of '
numbers of organisms and numbers of species of benthic infauna, with dis-
tance from the cutfall.  Within 15 m of the outfall, the bottom was almost
devoid of organisms. Benthic faunal abundance was significantly reduced out
to approximately 150 m in all directions from the outfall. At stations located
685-1675 meters from the outfall, there was an apparent enhancement of the
benthic fauna, with greater numbers of individuals and specles at these
stations than at reference stations 4,000-5,800 m from the outfqﬂ'. Thus, a
150-m radius zone of adverse impact was observed, with an apparent zone of
enhanced faunal abundanc_e and diversity further out from the discharge, and
impacts were correlated to contamination of sediments -with petroleum hydro-
carbons. Armstrong et al., (1979) estimated that a nominal concentration
- greater than about 2 ppm total naphthalenes was necessary to significantly
reduce benthic infaunai populations of Trinity Bay. Results of these investi-
gations should be extrapolated to offshore situations with extreme caution.
The shallow, turbi_d nature of the receiving water is unlike the situation
encountered offshore, with the possible exception of some near shoi’e areas of
the Beaufort Sea. Where water depth is gfeater, and suspended sediment
concentrations are lower, than those encountered m Tﬁnity Bay, a much
smaller fraction of the hydrocarbons in the produced water discharged will be
deposited in Bottom sediments near the outfall, and adverse effects on the
benthos will be much less severe.

In summary, the oil-related studies reviewed above describe effects on
‘marine species ‘from concentrations of oil in sediments at levels between about

300 ppm (behavioral response) and 1000 ppm.  Using the 2% values discussed
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above, the estimated total PAH concentrations would range between 6 and 20
ppm. This range' is quite near the 5 to 15 ppm concentration range we

observed at the seven most contaminated sites in southern California.

Review of Point and Non-Peint Source Eifecis

Recent studies related to the effects of sewage, sludge, or harbdr
sediments contaminated from multiple sources, provide additional insight into
determining threshold levels of PAH on sediments. Swartz et al. (1984a)
tested the toxicity of samples of sewage sludge collected from treatment
facilities in Oregon, California, and New Jersey. Sludge contained vafying
amounts of contaminants, related to the industrial contribution to the treat-
ment facility. Tests were designed to determine the relative contributions of
organic enrichment {(measured as total volatile’ solids, TVS) and toxiecs, to the
impacts (survival) on amphipods (Swartz et al., 1984b). When toxics were
low, the LC_. value for TVS was 2.8%, but sludge containing significant

50 _ _ .
amounts of contaminants lowered the tolérance of amphipods to an LC_, of

about 0.i%. The chemical parameter in the contaminated sludge, whichsowas
most highljr correlated with amphipod survival, was hydrocarbon oil and
gréase. Malins et al. (1984) also reported that prevalences of hepatic
neoplasms and other hepatic lesion 'type's in Engﬁsh sole and sculpin were
most strongly correlated with the total aromatic contamination of sediments
from wvarious sités in Puget Sound. In a later siudy of Eagle Harbor, Wash-
ington, ‘where the sediments are highly contaminated by PAH from creosote,
Malins et al. (1585) concl_uded-that English sole liver bile was highly contami-
nated with PAH (and their metabolites) and the prevalence of hepatic lesions
was well in excess of that at feference sites. Stations in this harbor con~
tained some of the highest concentrations of total aromatic hydrocarbons ever
reported on sediments (118 ppm).'

Extensive field and laboratory studies have been conducted on sédiments
collected in 1980 and 1983 along a contamination gradient extending northwest
from the sewage outfall of the Los Angeles County Sanitation Districts off-

shore of Palos Verdes, California (Swartz et =al., 1985 and 1986). Total
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(measured) aromatic hydrocarbon content of the sediments was only repoi'ted
for collections in 1980, and the highest wvalue was 4.2 ppm. Significant
reductions in amphipod survival were found in tests with sediments (1980
collection) from the three sites nearest the outfall. The highest number of
correlations between biological and geochemical parameters measured were for
total oil and grease, hydrocarbon oil and grease, and lead. They did not
attempt to relate the concentration of total aromatics in the sediments to the
‘biological measurements, but statistical analyses showed that levels of total oil
and grease of 3,600 ppm were present in sediments not exhibiting toxie
effects. A comparison of the sediments collected in 1980 and 1983 is present-
ed in Swartz et sl. (1986). Amphipod survival was not reduced by exposure -
to sediments from any of the stations, and the degree of benthic degradation
observed in 1980 was- reduced in 1983. The greatest changes in chemical
parameters at the nearest stations between 1980 and 1983, were a 71% reduc~
tion in BOD and a 67% decrease in oil and grease concentration. Both DDT
and zinc actually showed minor increases.

It is difficﬁlt or impossible to directly relate the non-specific measure-
ment of organic material called "oil and grease" either to specific polyaromatic
hydrocarbons or biological effects. It is only useful as an estimate of PAH;
but it is, perhaps, time to eliminate oil and grease determinations and concern
ourseives with analyses of specific PAH. Furthermore, research should be
directed toward identification of the concentrations; of both total PAH and
individual PAH compounds, on sediments producing toxic effects for benthic
organisms. Malins et al. (1986) measured 18 PAH compounds in the sediments
of stations in the Los Angeles - Long Beach Harbor areas, and found total
concentrations between 0.9 and 2.9 ppm. They reported higher than normal
prevalence of fish diseases in white croaker from 'thesé sites, Tetra Tech
(1885) reported on extensive investigations of the sediment chemistry and
toxicity for stations located in the nearshore areas of Commencement Bay,
Washington. ~After examining the data base, the authors derived factors
called "apparent effect thresholds"™ (AET) for sediment contaminanis on a
basis of toxicity (laborafory tests) and benthic effects (field). They have
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produced AETs for individual PAH and for the summations of low molecular
weight compounds (7) and high molecular weight compounds (10). On a dry
weight basis, the values are 5.2 ppm and about 15.0 ppm for low and high
molecular weight PAH, respectively. Converting these values to mg/kg TOC
(ppm TOC) they become about 400 and 1000 ppm TOC, respectively.

In a report available from EPA, submitted by Battelle (1986), an analysis
of marine data bases on sediment chemisfry and infauna analyses produced
species screening level concentrations and screening level concentrations
(SLCs) for marine sediments. The latter are concentrations of individual
PAH, which are protéctive of 95% of the infauna. For reasons explajhed-
earlier, the PAH concentrations were first no“rmaliz_ed to TOC such that the
final SLCs are in. mg/kg TOC (ppm). The SLCs for compounds between
naphthalene and benzo(a)pyréne were about 40 ppm each, ‘If it is ass'umed
that about 10 of the PAH may be important in producing acute and chronic
effects on benthie s‘p‘eciésj, the summation of SLCs may be appropriate, result-

ing in a value of about 400 ppm (TOC).

Recommendations

After this extensive review of available information on ‘the effects of PAH
bound to sediment, it is logical to return to the dé’c'a produced in this étudy.;
There are numerous indications that concéntrations of. 'P-'AI-I. ori sediments
between 5 and 15 ppm dry weight and 200 to 500 ppm TOC will produce toxic '
effects on benthic species. 1If the . most bicavailable compounds measured in
this study, the naphthalenes, are prominent in sediments, the critical concen~
tration might be reduced to 2 ppm dry weight, or about 80 ppm TOC.

There is certainly strong evidence that the PAH levels - measured in
sediments from somé- of the sites examined in this study are likely to produce
toxic effects on organisms. We, th‘erefore_, highly recommend that, as a
natural extension of the present program, sediment bicassays be conducted on
sediments from selected stations. Since the major concern is for protection of
marine life, these extensive chemical analyses will be of little use unless they

are combined with an assessment of biclogical impacts.

46



REFERENCES

Anderson, J.W., S.L. Kiesser, D,L. McQuerry, and G.W. Fellingham. 1985.
Effeets of Qil and Chemically Dispersed Oil in Sediments on Clams. pp.
349-353, In: Proceedings of 1985 Oil Spill Conf., Los Angeles, CA.,
March 1985,

Anderson, J.W., L.J. Moore, J.W. Blaylock, D.L. Woodruff, and S.L. Kies=
ser,1977. Bioavailability of sediment-sorbed naphthalenes to the
sipunculid worm, Phascolosoma agassizii, pp. 276-285. In: Fate and
hffects of Petroleum in Marine Organisms and Ecosystems (D.A. Wolfe,
ed,). Pergarnon Press, Mew York.

Anderson, J.W., R.G. Riley, S.L. Kiesser, B.L. Thomas, and G.W. Felling-
ham. - 1983. Natural weathering of oil in marine sediments: tissue
contamination and growth of the littleneck clam, Protothaca staminea.
Can. Journ. of Fish. and Aquatic Sci., Vol. 40, supp. 2, pp. 70-77.

Armstrong, H.W., K. Fucik, J.W. Anderson, and J.M. Neff. 1979. .Effec_ts
of oilfield brine effluent on sediments and benthic organsims in Trinity
Bay, Texas. Ma_r.'Environ. Res. 2:55'—69._

Augenfeld, J.M., J.W. Anderson, S.L. Kieser, G.W. Fellingham. 1983. Ex-
posure of - Abarenicola pacifica to oiled sediment. Effects of glyeogen
content and alterations in sediment-bound hydrocarbons, pp. 443-449,
In: Proceedings of the 1983 Oil Spill Conference, API, Washihgton,
D.C. | '

Augenfeld, J.M., J.W. Anderson, D.L. Woodruff, and J.L. Webster. 1980.
Effects of Prudhoe Bay crude oil contaminated sediments on Protothaca
staminea (Mollusca: Pelecypoda): Hydrocarbon content, condition
index, free amino acid level. Mar. Environ. Res. 4:135-144,

Battelle, 1988. Sediment quality criteria methodology validation: - Calcula-
tion of screening level concentrations from field data. Work Assignment
56 (Task IV) for the U.S. EPA, Office of Water Regulations and
Standards, 80 pp. :

Boehm, P.D., and J.W. Farrington. 1984. Aspects of the Polycyclic Aromatic
Hydrocarbon Geochemistry of Recent Sediments in the Georges Bank
Region. Environ. Sci. & Techn., Vol. 18, No. 11, pp. 840-845.

Dicks, B. and J.P, Hartley. 1982. The effects of repeated small oil spill-
ages and chronic discharges. Phil, Trans. Roy. Soc. London B297:285-
307. '

47



Krebs, C.T. and K.A. Burns., 1977. Long term effects of an oil spill on
- populations of the salt-marsh crab Uca pugnax. Science 197:484-487.

Malins, D.C., B.B. Mc¢Cain, D.W. Brown, S. Chan, M.S. Myers, J.T. Lan-
dahi, P.G. Prohaska, A.J. Friedman, L.R. Rhodes, D.G. Burrows,
W.D. Gronlund, and H.O. Hodgins. 1984, Chemical pollutants in sedi-
ments and diseases of bottom-dwelling fish in Puget Sound, Washlngton
Env. Sci. & Tech., Vol, 18, no. 9, pp. 705-713,

Malins, D.C., M.M. Krahn, M.S. Myers, L.D. Rhodes, D.W. Brown, C.A.
Krone, B.B. McCain and S. Chan. 1985. Toxic chemicals in sediments
and biota from a creosote-polluted harbor: relationships with depatic

" neoplasms and other hepatic lesions in Enghsh sole (Parophrys vetulus).
Carcinogenesis, Vol. 6, no. 10, pp. 1463-1469.

Malins, D.C., ‘B.B. McCain, D.W. Brown, M.S. Myers and S. Chan. 1986.
Marine pollution study; Los Angeles vicinity, Final Report to the
California - State Water Resources Control Board.- ' :

McCain, B.B., H.O. Hodgins, W.D. Gronlund, J.W, Hawkes, D.W. Brown,
M.S. Myers, and J.H. Vandermeulen. 1978. Bioavailability of crude oil
from experimentally oiled sediments to English sole (Parophrys vetulus),
and pathological consequences. . J. Fish Res. Bd. Canada 35:657-664.

National Academy of Sciences. 1985, (21_ in the Sea. National Ac-adém'jr-
Press, Washington, D.C. 601 pp.

Neff, J.M. 1985. Biological effects of drilling fluids, drill cuttings and
produced waters. In: An Assessment of the Long-Term Environmental
Effects of U.S. Offshore Oil and Gas Development Activities. Federal
Interagency Committee on Pollution Research, Development and Monitoring
(COPRDM). (in press).

NOAA Technical Memorandum NMFS F/NWC-92. October 1985. Standard Ana-
lytical Proceedures of the NOAA National Analytical Facility, 1985-1986.
Extractable Toxie Orgamc Compounds, Second Edition. By Wildiam D.
Macleod, Jr et al. ‘

Olla, B.L., and A.J, Bejda, 1983. Effects of oiled sediment on the bur-
rowing behavior of the hard clam, Mercenaria mercenaria. Mar. Environ.
Res. 9:183-193.

Pearson, W.H., D.L. Woodruff, P.C. Sugarman, and B.L. Olla. 1981. Ef-
fects of oiled sediment on predation on the liftleneck clam, Protothaca
staminea, by the Dungeness crab; -Cancer magister. Estuarine, Coastal
and Shelf Sci. 13:445-454.

48



Pearson, W.H., D.L. Woodruff, P.C. Sugarman and B.L. Olla. 1984. The
-burrowing behavior of sand lance, Ammodytes hexapterus: effects of
oil-contaminated sediment. Mar. Environ. Res. 11:17-32,

Percy, J.A. 1976, Responses of Arctic marine crustsceans to crude oil and’
oil-tainted food. Environ. Pollut. 10:155-162.

Pinto, J.M., W.H, Pearson, and J.W. Anderson. 1984. Sediment prefer-
ences and oil contamination in the Pacific sand lance Ammodytes
hexapterus. Mar. Biol. 83(193-204).

Roesijadi, G. and J.W, Anderson. 1979. Condition index and free amino acid
content of Macoma inquinata exposed to 4 oil-contaminated marine
sediments, pp. 69-83. In: Marine Polution: Functional Responses,
(W.B. Vernberg, A. Calabrese, F. Thurberg and F.J. Vernberg, eds.).
Academic Press, New York.

Roesijadi, G., J.W. Anderson, and J.W. Blaylock. 1978, Uptake of hydro-
carbons from marine sediments contaminated with Prudhoe Bay crude oil:
influence of feeding type of test species and availability of polycyeclic
aromatic hydrocarbons. J. Fish. Res. Bd. Canada 35(5):608-614.

Roesijadi, G., J.W. Anderson, and D.L. Woodruff. 1977. Bio-availability of
naphthalenes firom marine sediments artificially contaminated with Prudhoe
Bay crude 6il, Env. Pollut. 15:120-223.

Shaw, D.G., A.J. Paul, L.M. Cheek, and H.M. Feder. 1976. Macoma bal-
thica: An indicator of oil pollution. Mar. Poll. Bull. 7:29-31.

Swartz, R.C., D.W. Schults, G.R. Ditsworth, W.A. DeBen. 1984a. Toxicity
of sewage sludge to Rhepoxynius abronius, a marine benthic amphipod.
Arch. Environ. Contam. Toxicol. 13, 207-216.

Swartz, R.C., W.A, DeBen, J.K.P. dones, J.0. Lamberson, and F.A, Cole.
1984b. Phoxocephalid amphipod bioassay for marine sediment toxicity.
Special Technical Testing Publication 854. American Society for Testing
and Materials. pp. 284-306,

Swartz, R.C., D.W. Schultz, G.R. Ditsworth, W.A. DeBen and F.A. Cole.
1985, Sediment toxicity, contamination and macrobenthic communities
near a large sewage outfall, Special Tech. Testing Pub. 865, pp
152-175, ASTM, Philidelphia, PA.

Swartz, R.C., F.A., Cole, D.W. Schults and W.A. DeBen. 1986. Biological
' changes in the Southern California Bight near a large sewage outfall:
benthic conditions in 1980 and 1983. Mar. Ecol. Prog. Ser. Vol. 31:
1-13. -

49



Taylor, T.L., and J.F. Karinen. 1977. Response of the clam, Macoma bal-
thica (Linnaeus), exposed to Prudhoe Bay crude oil as unmixed oil,
water-soluble fraction, and oil-contaminated sediments in the laboratory.
pp. 229-237. In: Fate and Effects of Petroleum Hydrocarbons in Marine
Ecosystems and Organisms (D.A. Wolfe, ed.). Pergamon Press, New
York.

Teal, J.M., and R.W. Howarth. 1984, Oil spill studies: A review of ecolog-
ical effects, Environ. Manager. 8:27-44. '

Tetra Tech, Inc. 1985. Summary Report for the Commencement Bay Near-
shore/Tideflats Remedial - Investigation. Final Report TC-3752 for the
Washington State Dept. of Ecology and the U.S. Environ. Protect.
Agency (EPA 910!9—85—1343._), 92 pp. : ’ '

Warfe, J.R. 1975. A study of the intertidal macrofauna around the BP re-~
finery (Kent) limited. Environ. Pollut. 9:1-12.

Wells, P.G. and J.B. Sprague. .1976 Effects of erude oil on American lob- "
ster Homarus americanus larvae in the laboratory. J. Fish. Res. Board
Canada 33:1604- 1614 ' |

50



APPENDIX

Table of Contents - R LT ;_ ¥1 " ‘ 'Eigg-l

PAH aampling Statlons.;ﬂ,ﬂ;.r ..... ;.A};;,;.;:..;.;QZL;L,,,,,,AJ-*

Mean concentratidns_{ﬁgfg'dr?Lweighi) of P§H33ﬁ€ 1:f

sediments from Southern Catifornia

Detailed PAH. analvscs bj SCCWRP presented on a-

hasis_ef 1gfg dr Wa1gﬁ e t;l:;;.;g;,_ _:g' ﬁfff{}:.tﬁ4f328

ﬂetailed PAH analyses by SCCWRP presented on-a’ A )
baSiS)ﬁI ;é g TGC “.,;;,L,yg.f.ga,,.u{xy...ijfig{} ..... A29 ASS

51



rrd SBMELING STATTONS

PAH STATICNS

Chevron cutfall
L.A. City - 5 mile
L.A. City - 7 mile
L.A. County FVv-7-3
Mid L.A. Harbor

-Long Beach Harbor

L.A, River mouth

L.A. River mouth

L.A. River - mid river
L.A. River - lower river
San Gabriel Riwver
Orange County ocutfall
Warner Ave, :

Edinger Ave. (Anzheim Bay)
Newport  (Rhine Channel)
Newport (Back Bay)

San Mateo Pt. R-56-60
San Diego outfall

No. San Diego Bay
NASSCO '
Challas Creek

Seventh St.

LORAN
28176.6 - 41099.3
28162.0 - 41126.5
28158.5 ~ 41139.0
28176.8 - 41034.4

28192.1 - 41011.1

- 28193.8 - 41011.5

28201.8 - 40999.8

IONG. AND IAT.
339%54.41 - 118%25.91
33754.91 - 118731.50
33055.50 = 118°33.25
33%2.24 - 118%0.80
33943.80 - 118°15.07
33°45.94 - 118°15.20
33°45.51 - 118°11.68

Balboa overpass, above spill
0.4 KM below Balboa overpass
Willow Street overpass, Long Beach

200 m. below Prado Dam ocutlet, Riverside

28217.2 - 40915.0
Warner Bridge

PCH Bridge
28230.7 - 40896.9
28235.9 - 40888.7

College Park overpass, Long Beach

28253.1 — 40805.8

28252.8 - 40790.0

Al

33%34.49 - 118%0.51
33242.40 - 118203.35
33756.50 - 118°05.06
33036.64 - 117°55.61
33°37.23 - 117%3.61
33927.55 - 117°41.40
33923.73 - 117%39.90
32%40.28 - 117°17.27
32243.68 - 117211.05
32741.43 -117708.68
32°41.02 - 117°08.03
- 32°40.04 - 117°06.93



Y

MERN (n=3) CONCENIRATIONS (nG/dry G} OF POLYNUCLEAR
AROMATIC BYDROCAKBONS TH SEDIMENTS FROM SOUTHERN CALIPORNIA.

STATION
# 12 I T | §6 17 I 110 ni 312
COMPOURND Chevron 5-Mile 7-Mile PV7-3 Mid LAH EastBas Queens LAR-Upr LAR-Mid LAR-Lwr SGRiver - . ORCO
Indane <12 <6 <80 <35 <50 <25 <10 €12 <6 <14 <22 <6
n-Propylbenzene <8 <4 <47 i - Qi <17 . <6 <8 <5 <8 <14 <3
iso~Propylbenzene <10 <5 <62 <27 <40 <21 <t <10 <6 <10 <17 <5
Tatramethylbenzene <11 <6 <68 <217 <47 = <24 <8 <10 <6 <11 <20 <5
Naphthalene <8 17 417 a7 L) - 54 57 13 4 <8 <14 46
Cl-Naphthalenes (2) <4 8 875 104 <11 39 57 <5 <3 <4 <11 87
C2-Naphthalenes (6) <6 5 1450 415 <20 112 243 <8 <5 <7 <19 9%
C3-Naphthalenes (2) <6 <4 497 462 <20 272 209 <@g <5 18 <19 15
Biphenyl <4 23 1678 22 <11 <8 10 & < <4 <11 40
Acenaphthylene <3 <2 <28 57 <8 29 <4 <3 <2 <3 <7 <1
Acenaphthene <6 <4 <65 <16 <18 €12 9 <7 <4 <7 <17 17
Fluorene <4 <3 57 16 <13 49 45 <5 <3 <5 <12 25
Phenanthrene 11 12 395 197 16 487 591 281 48 44 180 257
Cl-Phenanthrenes {4) 4 © 32 819 713 14 - 59 640 142 52 74 112 127
C2-Phenanthrenes (4) 6 13 754 1193 19 83 - 659 161 103 12 66 A
C3-Phenanthrenes {2} 5 18 700 701 34 648 . 345 a6 91 99 40 50
Anthracene <1 1 26 Y <3 199 41 19 <1 2 €4 35
Flucranthene 20 20 362 157 41 - 991 725 382 74 42 361 332
Pyrene 24 27 460 401 110 1690 . 1099 442 91 43 394 287
2, 3-Benzofluorene <3 4 177 842 - 47 667 229 70 15 9 30 106
Benz (a) anthracene 18 27 353 166 ".45. 845 . 487 210 7 23 244 201
Chrysene/Triphenylene 26 26 402 2714 81 1342 578 285 65 51 326 275
Benzofluoranthenes 55 79 1011 746 351 N 1235 196 155 107 713 746
Benzo(e) pyrene 18 25 295 323 95 ‘988 54 150 38 36 227 206
Benzo{a) pyrene 20 29 278 7 118 1020 326 238 46 39 259 289
Perylene 10 15 112 353 349 214 139 . 84 36 33 9 85
9, 10-Biphenylanthracena <1 <1 <18 4 <3 1 8 <2 <1 <1 <5 <1
Dibenz {a,h) anthracene 2 7 <23 36 21 305 124 38 14 B 3 21 51
Benzo(g,h,i}perylene 4 12 199 213 - -8l 625 19y 170 27 23 208 89

‘TOTAL 218 393 11317 7902 1384 15470 8599 3564 . 892 712 3242 3528
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MEAN (=3} OONCENTRATIONS (nG/dry G) OF POLYNUCLEAR
ARCMATIC HYDROCARRONS IR SEDIMENTS FROM SOUTHERN CALYFORNIA,

PACE 2

13 14 4§15 16 #17  ns $19 #20 1 $22 §23 $24

DOMPOUND. Warmer Edinger Crows Backbay SARiver DanaPt R52-60 PtLoma NSD BAY - NASSCO Chollaa 7th St
Indane <7 <5 <18 <22 <8 <35 <9 <9 <47 <8l <18 <34
n-Propylbenzene <3 A3 <12 <12 < <24 <6 <6 <1 <51 <11 <19
iso-Propylbenzene <5 <4 <14 <18 <8 <32 <9 <7 <46 <69 <16 <25
Tetramethylbenzene <5 <4 <15 <18 <8 <29 <9 <B <46 <64 <14 <26
Raphthalene 8 <3 14 355 <5 <24 <6 <6 <31 59 18 27
Cl-Naphthalenes{2) <3 <3 <6 <6 <3 <12 <7 <7 <3 <14 <6 <9
C2-Naphthalenes (6) <7 <5 <10 <15 <6 <19 <14 <14 <7 <25 <10 26
C3-Naphthalenes (2) <6 <5 <11 <13 <6 €19 €14 <14 <7 <25 <10 32
Biphenyl <3 <3 <6 <6 < <12 <1 <7 <3 <14 <6 <10
Acenaphthylene <3 <3 <4 <6 <2 <8 <7 <6 <3 16 6 12
Acenaphthene <5 <5 <9 <12 <5 <18 <10 <10 <6 <22 <9 <16
Flucrene <4 <3 <1 <8 <4 <13 <8 <9 <5 <16 <7 <11
Phenanthrene 67 7 72 7 14 43 8 4 43 293 11 148
Cl-Phenanthrenes (4) 24 <3 ] <4 <2 59 16 ¥ 30 a7 80 i1
C2-Phenanthrenes (4) 24 <3 4 <4 6 72 27 <2 43 60 78 155
C3-Fhenanthrenes (2) 16 <3 <3 <4 4 41 15 <2 27 56 53 219
Anthracene 4 <1 . 8 <2 <1 6 <2 <2 5 71 44 63
Pluoranthene 117 23 127 19 30 K} 11 12 74 543 283 258

Pyrene 126 28 189 17 1n 51 19 14 93 1293 670 2686

2, 3-Benzofluorene 14 <3 80 <1 <2 <o 14 <3 22 232 144 946
Benz (a) anthracene 42 9 134 33 14 10 4 8 46 312 198 410
Chrysene/Triphenylene 109 16 177 32 25 24 9 12 121 538 197 484
Benzofluoranthenes 344 50 786 103 19 59 17 51 223 1918 1692 4265
Benzo (e} pyrene 97 15 160 21 18 17 3 17 98 645 518 917
Benzo (a) pyrene 89 13 203 3 23 20 3 20 103 838 592 1055
Perylene 16 5 52 4 11 22 [ 5 28 140 61 284

9, 10-Diphenylanthracene <1 <1 <« 5 <1 <4 <1 <2 <1 <4 2 3
Dibenz (a,h) anthracene 23 <1 63 26 2 10 <1 <2 13 72 60 195
Benzo (g, h, 1) perylene 9] 8 147 27 16 16 1 11 61 459 298 546
TOTAL 1204 165 2208 706 270 477 142 154 1205 7584 5459 12802






DETAILED PAH ANALYSES BY SCCWRP PRESENTED ON A

BASIS OF NG/G DRY WEIGHT
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SWRCR FOLYNUCLEAR AROMATIC HYDROCARBONS SURVEY

IS ¢SS I ESSE IS LS SEFIESTETSTIC IS TSI SIS SIS RTRE S

STATION #2:Hyperion S-Mile Outfall

COLLECTION DATE 21 April 1984

RESUL. TS (nG/G Dry Weight! Rep #1 Rep #2 Rep #3 Mear S5.D.
Indane <= <3 <8 = ¥
n—Fropylbenzene <3 <3 “ o <4 ES
iso-Propylbhenzene < 4 <3 =) <5 *
Tetramethylbenzene i <5 <8 D= ES
Naphthalene : ig 17 ié 17 1
Cl—Naphthalenes (2} 7 7 14 2 2
CZ-Maphthalenes {4} <4 5 <T 3 <1
C3~Naphthalenes (2} <4 <4 <5 4 3
Hiphenvyl 22 24 23 2= <1
Acenaphthylene <2 <z L2 <2 E
Acenaphthene 3 <3 <4 < 4 ®
Fluorene <3 <2 2 <3 %
Fhenanthrene 12 12 13 2 1
Cl-FPhenanthrenes{4) 36 35 & =2 i=
CZ~Fhenanthrenes{4) <2 <3 Z4 1= 128
CZ-Fhenanthrenes (2} 14 9 31 13 iz2
Anthracene } <1 <1 2 i <3
Fluoranthene : 22 18 1% 20 2
Fyrens _ a4 24 25 27 &
2, 3-henzofluorene ‘ 0 < B 3 4 1
Benz {a)anthracense Ry =1 i3 =27 12
ChrvsenesTriphenvlene TE 2 14 2é& i
Benzofluoranthenes 136 & 42 7 bty
HBenzoie)pyrene 38 25 12 2% 13
Benzo{alpyrens a1 34 11 29 14
Fervlene - 12 2 3 13 4
?,lo-diphenylanthracene <1 < <1 <1 ¥
Dibenz {ahYanthracene 2 i1 a 7 b
Benzo{g,h,i)perviens 1= 14 g 12 4
TOTAL DETECTABLE PAHs _ 377 357 344 3P 7E
FERCEMT DRY WEIGHT bi.lé &H1.09 a7 .02 AX. 74 )
FPERCENT TOC : £ 79 - 84 74 77 el
SURROGATE RECOVERIES IN PERCENT

Naphthalene—dg . 98 85 g4 Th 28
Acenaphthene~-dl( 1320 119 T 11% ig8
Pheranthrene—-did 107 137 121 122 15
Chrysene—dl2 282 104 1l 141 =
Porvylene—d1?2 24 a3 100 8% o

*********#*****i*****X******XX*#**###*X******ﬁ****#**#*i*&**i*i*i****i*i
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SWRCE POLYNUCLEAR ARCMATIC HYDROCAREONS SURVEY

ERERKR KA R AR KA RKA KRR KK ERKT A EHARHARHEKRRERRAKKK IR KRFRH R R B AR HKRRRARFTER

STATION SiHvperion T-Mile Qutfall

COLLECTION DATE 21 April 1985

RESULTS{nG/5 Drvy Weight) Fen #i Rep #2 Rep #3 Mean 1 5.0,
Indane T A8 <83 <829

n—Fropvibenrens <43 RAH w47

isa-Fropylbenzens 33 S-vi W a5
Tetramethylbenzene <58 TR w71

Maphthal ene 473 711 7 478

Cil-Naphth=alenes (2} 263 2246 1133

CZ2-Maphthalenes {5} 1146 1825 1zZ74

C3-Napnhthalenes (2} 241 557 a7

Riphenvyl : 1122 1879 ZORS

fGeenaphthvl ene L 5éa <27 L0

Acenaphthene = 84 AT S )

Filnorene : _ e 48 S

Frhenanthrene _ FA0 559 . 484
Ci-FPhenanthrenes{d) 474 1417 SAT

CE~-Fhenanthrenes (4) eyl s 1214 427
Coh—Fhenanthrenss(Z) 77 . B&B SS&

Anthracene 17 $17 =

Fluoranthene 2EOH 3493 T4

Pyrene I T S35 L7

Z,3-benzoflucrene 2434 C1PE 73

Benz {alanthracens . 204 &HZ20 2TE
Chrvsene/Triphenviene 272 L4735 T
Benzafluoranthenes &T2 1563 497

BEenzoielpyrane _ 1ga 481 174

Henzoialpvrene 2368 &1l 222

Fervlenes : 1439 83 103
F,l0~diphenvlanthracensa <21 20 <13
Dibenzia.hlanthiracene 4245 €27 <1é
Benzo{g,heiltperviene 144 251 820

TOTAL DETECTARLE FPaHs TTZ22 1S9T5 10293

FERCENT DRY WEIGHT 20, 73 20.77 28,12

FERCENT TOO T 22 S.13 A, 78

SURROGATE RECOVERIES IM PERCENT

Naphthal ene—d8 0 ?8 ) i 47
Acernaphthene—d10 7 &4 121 12 P =2
Fhenanthrene—dio F0 13E=E 1z% 121 27
Chrvzene—d12 ' &4 =FN 107 a9 s
Ferviene-dli2 71 108 F7 F1 i
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QWRCE FPOLYNUCLEAR AROMATIC HYDROCARBONG SURVEY
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STATION #4:L05 Angeles County Outfzll Station PY7-3
COLLECTION DATE 25 July 1984
RESULTS (nG/E Dry Weight? Rep #1 Rep #2 Rep #3 Mean 1 5.0,
indane <19 -3 <23 L3535 E &
n—-Fropylhenzene . <11 <32 411 <18 .
isa~Frogylbenzene ’ : <15 <48 <17 L27 %
Tetramethylbenzene 15 + 48 <17 27 ¥
- Naphthalene 165 &4 G a7 Z1
Cl-nMaphthalenes{2) : 137 - &8 109 104 S
C2—-Naphthal eénes (&) ' 394 271 =79 41% 155
C3—~Naphthalenesi{2) 285 292 708 4452 220
Biphenyl _ B <10 18 2z : 14
Acenaphthvl ene 71 &= 35 =7 : 19
Acenaphthene T <16 418 <16 s1& #
Flurene 14 <13 20 iAo 4
FPhenanthrene C209 154 23 197 A
Cl—Phenanthrenes (4) 810 HE5 1053 TTE 244
C2—-Fhenanthranes {(4) 98 1075 1507 119= ’ T
LE-Fhenanthrenes{(2) 434 74 L2 il : 2673
Anthracens 70 a7 49 =53 17
Flumranthene 225 1357 109 T1E7 =
Fyrene - _ N ) 449 &7 87 45 473
2, 3-henzoflucrene . Brars- T 241 C 907 aa3 &%
Benr {alanthracene 149 178 176 B vt 15
ChrveenesTriphenvl ene 2743 284 2461 274 13X
Benzoflumranthenes ' TE4 795 &89 S TAA i
Benzaolelpvrene : S27 320 320 I2E =
Henzo (a)pyrene 318 I2S TO9 CeoELT 2
Ferviene 35T 29 77 Batatnd =4
?, 1ld—diphenvlanthracene & 2 <8 -4 2
Dibenz {a,h!anthracene : 87 15 <R | EA 4%
Benzol(g.,h,i)perviene 215 24X 192 . 217 24
TOTAL. RETECTARBLE. FAH= FIONZ 7321 FoRs TI0E 1622
FERCENT DRY WEIGHT 38.24 29,04 4,67 0 F7.3Z S 4.1
FERCENT TOC 4., 7% 4,42 Ha BT 4,28 5T
SURROBATE RECOVERIES IM PERCENT |
Maphthalene-d8 .28 24 az &8 <=}
Aceraphthene-did 104 az 144 g7 CiE
Fhenanthrene—-d410Q 108 105 117 116 &
Chrvsene—dlZ2 2 71 T =1 i1
FPervliene-dlz 104 a7 a3 21 11
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SWROER FOLYNUCLEAR AROMATIC HYDROQCARBONES SURVEY
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STATION #5:Mid Los Angeles Harbor

COLLECTION DATE 27 June 1986

RESILTS {(nG/G Drv Neight)' Rep #i Rep #2 Rep #3 Mean 1 %20
Indane <113 w27 “11 = S E3
n—Fropylbhenzene ' a1+ <20 <7 231 :
iso—-Fropylbhenzene <84 “<27 G < 40 ¥
Tetramethvlbenzene <103 w27 411 <47 £
Naphthalene L HS w20 <7 <33 X
Cl-Maphthalenes (2} =20 <7 <5 <11 i
C2—Naphthalenes (&) £ 44 <11 <9 D20 %
CE~-Naphthalenes(2) <40 <11 <9 TR0 3
Biphenvyl ' <23 W T <8 <11 k3
fRocenaphthylene <17 . <4 <5 R x
Acenaphthene <37 <7 L8 1@ E
Fluorene : : 27 €7 L éa <13 i
Fhenanthrene _ <1 2 12 14 7
Ci-Fhenanthrenes {4 “11 24 <4 14 1i
CZ—Fhenanthrenes (4} <11 s 4 12 20
CE-Fhenanthrenesi2) ' <11 87 g 24 45
Anthracenes : L) <1 <1 A k4
Fluoranthens o 48 3 33 41 7
Fyrene ‘ - 124 108 FQ 110 1=
Z«Z-benzofluorens ' 26 103 = 47 49
Benz (alanthracense : o7 =8 _ 41 45 10
Chrvsene/Triphenylense ?z 84 &S 81 14
Henzofluoranthenes 293 377 382 T EEL S
Benzoielpyrene 7 ?3 71 P 4
Benzol{alpyrene 131 112 110 1i: iz
FPervlens TAG 272 417 349 A
F 10~diphenvlanthracene <3 + 42 <5 '
Dibenz {a;h)anthracene 2 20 is 21 &
Renzo{g,h;ilipervliene 7O 57 it &4 B8
TOTAL DETECTABLE PAHs 1528 1488 1335 1384 0
FERCENT DRY WEIGHT S51.01 05,16 50,99 S92.39 2. 30
FERCENT TOC o 1.54 1.26 1.54 1.4% .14
SURROGATE RECOVERIES IN FPERCENT

Maphthalene~d8 17 22 ! BT Rty
Acenaphthene-did 47 hHé 103 72 Z8
Fhenanthrene-di0 a2 108 108 %8 id
Chrvsene—di2 20 87 a2 823 4
FPerviene—dl2 ] 71 95 g4 P 4
JK***#iX****#*‘##******i*******%*x*ﬁkX*ﬁ*******i#*#ik}i*#ﬂiikﬁi##**Aix*#ﬂtafé*x



SWRCE FOLYNUCLEAR AROMATIC RYDROCARRBONE SURVEY
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STATION #oHEast Turﬁing Bazin~ Inner lLong Beach Harbor

COLLECTION DATE 27 June 19854

RESULTS {inG /5 Dry Weight) Rep #1 Rep #2Z HepV%S Mean 1 8.0,

Indane < 3R  didh 7 =

25 2
n—Fropylbenzrens <26 <11 <14 <17 X
iso~Fropylbenzene SRR 13 <17 .21 *
Tetramethylbenzene SRR = “i&s <17 - w24 ¥
Maphthalene L2 71 ATl S =5
Cl-pNaphthalenes () A0 45 42 39 =]
CZ-pMaphthalenes (4) 3?7 135 107 112 i
CZ~=Naphthalenes{) 80 208 Z28 275 i
Biphenvl ' O , <0 <8 = 3
Acemnaohthvlene o T 45 25 2 i4
acenaphthens . ‘ $14 <10 L1z - 412 ®
Fluorene %) 47 84 45 4
Frenanthrene 499 . GF&d =03 487 , N
Ci-Phenanthrenes(4) ' . &H12 =21 HAD b 2
C2—Fhenanthrenses(4) : : QITF . A8 ast Lot § %
Cri=Fhenanthrenes (2} : : CEFTE TIZ oA ; S48 121
anthracene . 194 190 Bl . igg I B
Fiuoranthene - 1023 ) 719 . 123T. . 591 , ZER
Fyrenes ’ ©1ETS 1322 1774 | 1&FO - 2EE
2, 3-tenzofluorene - 184 &34 arn HET 174
Benz{aranthiracens a&l gii 1Oo&4 845 2
Chrvsene/Triphenviene 1192 - 1274 1560 1342 163
Benzo+luoranthenes ' 2LH88 4254 S Y R J3471 TS
Benzoi{e)pyrene : 7ET 1110 1118 288 218
Benzoi{alpyrene _ 74 12385 CO1OT7E 1020 2EE
Fervlene ig : xog S1E 214 1 4%
¥, 10~diphenyl anthracsne E & , = . , 7 i
Dibenz {a.h!anthracena 259 IS4 00 L T0E 43
Benzal{g,h,1)pervlene o956 o 48 a70 . A2E B =12
TOTAL DETECTARLE PaHs 1Z328 L1ASTIA 14847 15470 1880
FPERCENT DRY WEIGHT 44,88 S0, 12 45 . 4& 4g. 44 Lo S
FERCENMT TOC , 2.84 = 2. 32 2.78 -
SURROGATE RECOVERIES IN PERCENT
Maphthalene—dR 4 &1 47 4g . 13
Geenaphthene—di1o 109 . Ea- T 2a 33 I A
Fhenanthrene—did 117 113 89 104 i3
Chrvsene—-dlZ . g% 243 oy 7T 14
Parviene-diz2 1G5 24 T& = 13

AlQ



SWRCE POLYNUCLEAR AROMATIC HYDROCAREONS BURVEY
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STATION
COLLECTION DATE

#7:Los Angeles River Mouth AL
27 June 1986

Fuesnsway

NN L i RN

All

RESULTS (nB/5 Drvy Weight) Rep #1 Rep #2 Rep #3 Mean i 8.D.
Indane o7 <12 <16 16 E S
n-Fraopylbenzene <4 <7 <h ) LS
isp—-Propylbenzene < <9 <8 <7 %
Tetramethylbenzene {5‘ £11 <8 <32 &
NMaphthalene paitt &4 =3 57 &
Cl—Naphthalenes(2) 54 oé &HO a7 =
EZ2—Naphthalenes (&) 271 246 212 24% 30
C3-Naphthal enes {(2) 237 218 174 209 R
Biphenvl 14 L i1 16 ) =
fAcenaphthylene <3 <4 <4 4 i
Acenaphthens 7 <P 1G 3 2
Fluorene S0 34 51 45 10
Phenanthrene =579 &11 582 =591 ig
El-Fhenanthrenes(4) 544 497 AR21 &40 24"
CZ—-Fhenanthrenesi{4). &l LYt H&48 LE9 ta
CEi—FPhenanthrenes (2} 2 398 409 45 101
anthracens 4% = 25 41 5
Fiuoranthene 724 494 L3P 4 TRs i
Pyrene 1188 1059 1050 1099 77
”,;—bﬂngcflunrene 299 149 219 227 &
Benz {al) anthracerie =89 4310 ALZ 437 d
Chrvsene/Triphenylene =24 =51 A7T =73 =
Benrofliuoranthenes 1185 1093 1426 1235 17
Benzal{elpvrens RIS I35 3Rae 254 =2
ERenzo{alpyrene 11 F02 Thb 324 =
Fervliens 12& 120 142 139 1
Z. l0—diphenylanthracene 16 = = =

Dibenz {a.h)anthracenes 120 120 132 124
Benzoig,h,ilpervliene 3I7h 49 S S SRE =
TOTAL DETECTABLE PAHs 8582 2283 89462 |ETe 355
PERCENT DRY WEIGHT S0, 72 53.93 4. 45 53,03 2.02
FERCENT TOC Z2.47 2. 95 ZabT 2.5k . 14
SURROGARTE RECOVERIES IN FERCENT

Naphthalene—dd PG g3 F1 =] 4
Acenaphthene—dlo 110 110 ils 112 =
Fhenanthrene—~d1G 112 110 117 1173 3
Chrysene-dl?2 &b A0 a7 &4 &
Ferviene—dl2 73 a3 80 7% =
**#*****##*#***************#******K***#**#************X*H*#***##*K&m;kki



SWRCE POLYNUCLEAR AROMATIC HYDROCARBONS SURVEY
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STATION _ #Q:Upper Los Angeles River At Balboa Avenue

COLLECTION DATE 24 April 198&

RESULTS(nG/G Dry Weight) Rep #1 Rep #2 = Rep #3 Mean 1 8.0,
Indane <15 <10 <11 <12 ¥
n-Fropylhenzene <10 <3 <& <8 *
isp—PFropylbenzene ' : <1z <10 <5 10 X
Tetramethylbenzene <12 <10 .ooag 10 ¥
Naphthalene <10 <8 22 1= a
Ci-Naphthal enes(2) = <5 L4 <5 ¥
CZ2~Naphthalenes{&) , %8 <8 L7 48 S
C3I-Naphthal enes (2} <8 = E < - 48 LS
Riphenyl o5 <G < £ 45 4
Acenaphthvliene <4 <3 e <3 ¥
Acenaphthenes «8 <& A w7 #
Fluorene ' €5 <& & <4 5 £
Frenanthrene - 2248 . 254 362 a1 71
Ci-Phenanthrenes (4) 153 97 : 195 142 47
CZ<“Phenanthrenes(4) 147 102 RIS 141 a7
C3I—FPhenanthrenes (2} < bt 54 144 =T L B0
Anthracene - 16 1z RW . 19 G
Fluoranthene 9 - =43 410 382 ' B3
Pvrene _ . : 4657 372 $8é 442 &1
2, 3~benzofluorene 123 . - 38 54 70 -
Benz (a)anthiracens . v S O | 228 210 3

Chrysene/Triphenviene 287 L2487 0= f_EBE i

Benroflueranthenes : . a8=x 73 7S . F9A. 7

Benzoialpyrene &4 185 201 S0 7

Benroialpyrense : 264 220 230 278 z

Ferylenes ' : 86 81 = - 84

7, 10-diphenvlanthracene <2 : 1 B <z

Dibenz {a,hjanthracene 77 . 19 L7 . =53 a4
Benroi{g.h,iperylens 195 - 148 166 170 2

TOTAL DETECTARLE PAHSs 3656 3092 3744 IE&G 473
PERCEMT DRY WEIGHT &5, 65 H&.21 L7 .05 Ché. 30 . 70
PERCENT TOC i.89 2.6 1.97 1.97 - 02
SURRDGATE RECOVERIES INM PERCENT

Maphthalene—dg S0 47 =5 Tl &4
Acenaphthene-dl10 89 80 |2 24 =
Fhenanthrene—-did i1é ' 20 Iz N 4
Chrysene—-di2 o 89 74 75 . 79 2
Pervylene-diZ ~ 74 7a 20 G5 12
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SWRCE FOLYNUCLEAR AROMATIC HYDROCAREONS SURVEY
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STATION #9:Mid Los Angeles River EBelow Balboa Avenue
COLLECTION DATE 24 April 1986
RESULTS (nG/E Dry Weighi) Rep #1 Rep #2 Rep #3 Mean 1 5.0,
Indane <7 <7 <5 I 6 #*
n~Fropylbenzene <3 S T4 e *
iso—FPropylbenzene L5 < <3 <6 *
Tetramethvibenzene 3 = %3 2 b .
Naphthalene = w3 4 4 1
Ei-Maphthalenes (2} <2 <3 S22 LA *
C2-Maphthalenes (&) L3 o) “5 <5 *
C3~Naphthalenes{(2) L3 ih <5 <3 *
Biphenvyl L2 ! i3 L3 *
Aceraphthylene 1 oz L2 2 *
Acenaphthene <3 74 <4 < 4 *
Flucrene L2 <3 132 . 43 *
Fhenanthrens ' i8 44 82 43 2
Cl-Fhenanthrenes {4} 72 &é 17 o2 I
CZ2-Phenanthrenes (4) _ 151 143 i6 103 7E
EZ-Fhenanthrenes (Z) : 120 13 i8 F1 &
gnthracenes <1 = <1 <1 *
Fluoranthene 45 72 105 74 20
Pyrene . = 18] a4 108 21 15
2,3-benzofluorens 23 15 7 13 &8
Benz (aranthracens 1& 45 49 7 18
Chrvsene/Triphenviene 2 F4 TE &5 I
Benzofluoranthenes , 40y 235 19 155 102
Benzoi{el)pyrene 186 - 52 44 i 12
Benzo(a)pyrene E ' 15 62 &0 46 27
Ferviene ' 21 46 40 6 1=
F,i0-diphenvylianthracene B <1 1 <1 *®
Dibsnz(a,h’anthracens & 19 16 14 7
Benzo(g,h,i)perylenes 10 34 =7 27 15
TOTAL DETECTABLE PAHs s567 1147 862 B2 241
FERCENT DRY WEIGHT : 81.58 81.78 81.1& g81.51 .2
FPERCENT TOC 65 - 57 .29 - 44 19
CSURROGATE RECOVERIES IN PERCENT
Maphthal ene—d8 42 57 56 52 g
Acenaphthene-dlG g7 88 82 835 3
Phenanthrene—-dlo _ 112 8 101 104 7
Chrvsene—di12 87 8& 83 835 2
Feryiene-dl2 100 32 = B9 10

o e e e T W B N 3 e 3636 0 3 46 3 I 6T I I I I R
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SWRCE POLYNUCLEAR AROMATIC HYDROCARRBONS SURVEY
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3TATION #10:Lower Los Angeles River At Willow Strest
COLLECTION DATE 25 April 1986 ‘
RESULTS (n5/6 Dry Weight) Rep #1 Rep #2 Rep #3 Mean 1 5.0,
Indane <11 214 <15 <14 *
n—-Fropylbenzene <7 ~ 8 19 <8 *
iso—Fropvlbenzene : <7 - %12 o1l <10 *
Tetramethvlbenzene <9 12 13 <11 *
Maphthal ene <7 8 <% <8 *
Ci-Naphthalenes (2) <3 <3 o) <4 *
CZ—Naphthalenes{&) 43 b <11 <7 *
C3-Maphthalenes (2) 8 b 11 18 17
Biphenvyl w3 w5 <& 4 o
Acenaphthvlene A L3 8 A3 =
Acenaphthene ' 44 <& <11 47 #
Fluorenea <E < <8 <5 *
Fhenanthrene b 27 41 4.4 20
GL-Fhenanthrenesi4) 179 35 7 74 92
2—~FPhenanthrenes (47 ‘ 143 S5& 17 72 55
Cu-PhenanthrPnestﬂ) 244 50 74 9 127
Anthracene : 2 <1 <2 2 B
Fluoranthene ' 41 0 =54 43 13
Pyrene : 47 27 55 47 14
2, benzoflucrene 15 8 o5 9 =
Benz (aranthracene - 23 14 = T g
Chrysena/Triphenylene &2 ' 3 52 ' 31 12
Benzofluoranthenss ‘ -1 102 15 107 44
Benzol{e)pyrene ' S 432 _ 2 38 .. g
Banzo{alpyrene. _ 40 28 50 39 11
Parvlene _ ¥4 ig C 3 =% 21
7, 10-diphenylanthracene <1 1 a2 RS ' #
Dibenz (a;h)anthracene’ 16. <1 A & '3
Benzo{g,h,i)perylene Iz 12 7 Z4 2T 10
TOTAL DETECTABLE PAHs 1113 476 3548 712 49
FERCENT DRY WEIGHT ' 8x.%4 82.357 82.25 82.7% &7
=ERCENT TOC o 2.45 W 3F L .BO 1,20 i.11
AURRDBATE RECOVERIES IN PERCENT
Maphthal ene—d8 44 25 44 8 S 3
Acenaphthene—dl1o ?1 . &b &2 75 ‘ 146
Fhenanthrene-dl10 : 108 - 8% 8 P 1=
Chrysene-di2 95 34 87 92 4
Ferylene~dl2 o 101 E 52 83 89 11

*'-f'{--?--!-***fﬁ*****%*****w**%*******ﬁ**************f%***-ﬁ-*********%%* b T
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STATION #11:5an Gabriel River
COLLECTION DATE 09 July 17984
RESULTS(nG/6 Drv Weight) Rep #1 Ren #2 FHep H#3 Mearn I 5.0,
Iindane <18 £ 28 22 ) E
n-Fropvlbenzene : <11 Tls <14 14 E
_' isp-Fropvlhenzene <14 < 20 <18 <17 &
Tetramethvibenzene <16 .28 <21 : £ED £
MNaphthalene ' <11 <14 <14 A £
Cl—-Naphthalenes (2} <7 <12 <132 AN kS
C2-pMaphthalenes (&) <14 <2 22 19 S
Ci—-Naphthalenes{(2) : <14 <21 22 Sl E3
Biphenvyl a7 <12 1z <11 LK
ARcenaphthvlene <5 =3 <8 o7 ES
Acenaphthens <12 <19 <19 <17 4
Fluorene o3 <13 <13 L12
Fhananthrene 215 189 1327 ER=LE et
Cl-Fhenanthrenes (4) 113 47 1z &7
CZ2-Phenanthrenes {(4) 122 3% i 45
C3-Phenanthrenes (2) . o A S w] 405 IE
ARthracens < I <4 3 2
Flugranthene R b 282 Sail T
Evirene ‘ : 95 414 54
2, I~bhenzofluorene e <13 S0 :
Benz {alanthiracene P #2852 244 H
Ehrvsened/Trinhenylene 3256 F54 IR& g
Benzaflucranthenes - P71 AB0 TiE R
Benzolelpyrenes 227 233 227 &
 Benzof{alpyrene 272 251 259 it
Ferviene 735 72 i3 i3
F, i0—dighenvlanthracens <4 <4 <5 E
Dibenz {a,h) anthracene ‘ 7 48 21 24
" Benzoig,hyilperviene 204 201 28 10
TOTAL DETECTARLE FAHs ELHT9 2174 2914 IZ242 74
FERUCEMT DRY WEIGHT 4%, =9 42,07 42,4646 43,44 1.8%
FERCEMT TOC 2.41 2.44 2. 02 2.4% ~ 11
SURROGATE RECOVERIES INM PERCENT
Maphthalene—dg 70 &7 2z TA =
meenaphthene—diD I asg 78 ket &
Fhenanthrene— diﬁ : 110 104 I 104 )
Chrysene—dlZ F7 4 g 87 11
Ferviene—dil2 9z gz g4 F =

*#****R*#*#*###**i##**iiﬂﬂ#Ki*#*##****#*iiiiﬁ*ﬁiﬁ*iﬁ ****#*****¥*¥*#dﬁil
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SWRCB POLYNUCLEAR AROMATIC HYDRQCARBOFS SURVEY
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STATIOW #12:0Orange County Qutfall
COLLECTION DATE 06 June 1986
RESULTS (nG~G Dry Weight) Rep #1 Rep #2  Rep #3 Mean . 1 S.D.
indane : {7 <5 - <3 <8 %
n— Prcnyloenzene : <4 3 - <3 <3 TR
iso-Praopylbenzene <& <4 <4 <5 *
Tetramethyibenzene <8 <4 < <5 X
Naphthalene ) ' 64 72 <3 46 33
Cl-Naphthalenes(2) : 108 a7 - 87 . 87 21
CZ2-Naphthalenes (&> 113 : 7% - 101 ) 956 19
- G3- Naphtha;enes(E) o 17 <3 24 13 11
Biphenyl . 41 T 43 36 40 3
Acenaphthylene <1 k2 S <1 o<1 ES
. Acenaphthene _ : 25 8 17 . A4 2
Flucrene . 23 17 34 - 25 e
‘Phenanthrene 272 - 175 - 325 . 287 76 -
Cl- Phenanthrenes(4} ) 154 74 152 127 45
C2-Phenanthrenes{(4) , e 43 : 92 71 - 25
c3—- Phenanthrenes<2) 41 48 .61 50 10
" Anthracene 37 24 43 . 35 .10
Fluoranthene - 3865 211 419 . 332 - 108
‘"Pyrene 284 244 382 . 287 ... 89
2, 3-benzoflucrena : 72 - 87 . 159 106 . 7
Benz (a>anthracene 124. 201 277 o200 . T7
Chrysene/Triphenylene . 377 153 - 294 275 118
- Benzoiluoranthenes 1191 3863 684 . . T46. 417
Benzo(e)pyrene : : 248 - 137 . 233 . 2086 60
' Benzo(a)pyrene 368 176 - 322 288 100
Perylene - ' o7 64 93 . . 85 18
G, 10— dlnhenyxanthracene : <1 <1 <iooo <4 %
Dibenz (a, h)anthracene L 59 - 13 78 - § .38
Benzo{(g,h, i) perylene oo 34 88 148 89 55
TOTAL DETECTABLE PAHS : 4181 2385 .. 4039 35238 992
PERCENT DRY WEIGHT 83,13 66.42 "83.81 85,12 1.31
PERCENT TOC _ 1.706 1.33 3,31 - 211 1.08
SURROGATE RECOVERIES IN PERCENT
-Naphthalene-d8 - 82 - 88 . 87 79 13
Acenaphthene—-dlo0 26 131 1186 114 i3
Phenanthrene~di0 122 140 . 130 131 =
Chrysene-dl:z : 137 105 - 119 120 15
Perylene-dl2z” S8 32 36 95 3
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SWRLZR FOLYNUCLEAR AROQMATIC HYDROCARBOMS SURVEY
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STATION #13:Anaheim Ray At Warner Avenus

COLLECTION DATE | 31 July 1984

RESIL TS {niz/G Dry Weight)? Rep #1 Rep #2 Rep #3 Mean 1 S.D0.
Indane . <4 <8 <9 <7 X
n—Propvlbhenzense L2 D) <4 “ 3 K
igp—Propylbenzene <3 =) b St *
Tetramethvlbenzene <3 < <h oA ES
Naphthalene <4 <4 15 8 =
El-~Naphthalenes{(2) “ A LR <R ¥
C2-Naphthalenes (&) £10 5 b 27 %
C3i—Naphthalenes {(2) <8 a5 <h & 3
Riphenyl <4 <3 <F L3 X
Acenapnhthylene <4 <3 <1 R ES
Acenaphthene <8 L4 <4 L5 3
Fluorene . L4 4 R <4 LS
Phenanthrene “ 35 35 131 &7 45
Ci-Fhenanthrenes{4) ' 7. o2 ax =t : 27
C2—Fhenanthrenes (4) ' 15 ¢ =4 24 23
C3~FPhenanthrenes(2) = <2 37 1é 1=
Anthracene T ' 2 L | @ 4 4
Fluoranthene &1 55 235 117 az
Fyrene . =8 2 229 124 71
2. F-henzofluorene : 4 <5 34 i3 - 17
Benz (a)anthracene 23 32 70 42 25
Chrysene/Triphenylene 52 S50 225 109 az
Benzofluworanthenes T 148 151 71X F44 220
Henzoielpyrene 47 - 46 193 7 ’ 87
Benzoi{aipyrene ' 44 =9 185 a9 8z
FPervlene 19 15 ‘ 14 ' id _ e
?, to~diphenvlanthracens ' <1 <1 <1 X
Dibenz la,.h)anthracene o i1 10 48 23 18
Renzolg,h,i)perylene =9 48 185 91 &7
TOTAL DETEETQBLE_PAHE o593 573 2447 1204 1074
PERCENT DRY WEIGHT 74,046 T4 .461 o0, 96 Hé. D4 1102
FPERCENT TOOC 1.28 1.17 1.84 1.42 « 7
SURROGATE RECOVERIES IMN PERCENT

Maphthalene-d8 ' 1 5= 74 4z g
Acenaphthene-dl0 o4 83 10% a1 248
Fhenanthrene—-dlo io4g g 22 108 12
Chrvsene-dl2 . it& &7 122 102 0
Perviene—diz 104 73 102 P 17

LSS TSR3S0 2222323 333320202222 SRR 2202 E SRS
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SWRCE FOLYNUCLEAR ARODMATIC HYDROCARBONS SURVEY
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STATIGN #14:Pnaheim Bay At The Pacific Coast Highway Brldge
COLLECTION DATE 31 July 1986

RESULTS(nG/G Dry Weight) Rep #1 Rep #2 Rep #3 Mean 1 8.0.
Indane : o5 < <5 <5 X
n—Fropvlibenzene o = <X TS <3 ¥
isa—-Propylbenzene _ <5 . <4 <4 vd K
Tetramethylbenzene ' o <5 ' <4 %4 <4 ¥
MNaphthaleéne ) <3 £33 L) ey ¥
Cl-Naphthalenes (2} _ €2 <3 <3 g ¥
C2~-Naphthalenes(s&) ' <4 <h D L X
CE3—-Naphthalenes(2) ' <4 < b H B ¥
Hiphenyl ' _ e $F <3 L3 S
Acenaphthylene {2 g3 <3 O %
Acenaphthene ‘ . <F <é <F <5 S
Fiuorene ) ' 42 <47 <4 3= 3
Fhenanthrene : ' 1= 43 & 7 =
Ci-Phenanthrenes{(4) ' <2 <3 €4 < %
C;"Phnnanthrenes{45 ‘ . €2 43 i e
-C”—Phenanthrene:( . . iR £33 S £
Anthracene’ ' Tt €1 B <R ESS
Fluoranthene T R L 9 33 e
Pyrene . 21 13 22 17
2. I~henzofluorene | S 42 L5 <5 ¥ -
Henz {aYanthracene ‘ 8. 8 11 2
Chrvasene/Triphenyl end S 17 12 20 4"
Benzrofluocranthenes o 2 7 RIS b -1&?
Benzoie)pyrene : f' 14 17 2 3
Benzo{a)pyrena . : i4 12 14 1
Perviene ’ i 7 3 4 2"
2, 1o~diphenylanthracene <1 €2 E3
D;ben&(a_haanthracene : <3 w2 £ 3
Henzoig.h,i)pervlene _ 4 10 11 . &
THTAL DETECTARLE PAHs 182 117 194 1488 42
PERCENT DRY WEIGHT =~ 71.81 70,05 72.82  71.34& 1,40
PEREENT TOC . 1.16 7 « PS5 1,67 1.04& .10
SURROGATE RECOVERIES IN PERCENT

Maphthalene—dg ‘ : Ha 0 8] 21 Z7
Acenaphthene~-dio : 10& O 0 L IE -
Fhenanthrene—~d10 _ 112 &0 = 75 =3
Chrysene—diZ2 ) ' 104 &4 105 @1 23
Ferviene—-di2 FI &5 Pé g7 ST

**ﬁ*#*###3*#*******#*****K*#*##*k*i***3*33***#*&#**#*****&#H**K#***#xik*
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SWRECR POLYNUCLEAR AROMATIC HYDROCARRONG SURVEY

*****************************ﬁ****i**#*#*****#**#**#*****###***i**ﬁ##***

STATION #15:Rhine CHannel —Crows Nest In Newport Beach
COLLECTION DATE 19 June 1984
RESUL.TS(nG/E Drvy Weight) . Rep #1 Rep #2 Rep #3 Mean 1 8.0,
Indane <17 <23 S <18 *
n—Fropvlibenzene : . 12 15 <2 £12 %
izo-FPropylbenzene - <17 A 51 <9 <14 ¥
Tetramethylbhenzene $17 <15 <14 1S X
Naphthalene £132 15 14 14 2
Ci-Naphthalenes{2) . cb 47 <5 £y X
C2=MNaphthalenes (&) : <12 <10 <7 13 ¥
CEZ=Naphthalenes (2} : <12 10 410 <11 0
- Biphenyl : < <7 = % ®
Acenaphthvlene : b €3 <2 < X
Acenaphthene ‘ 49 <10 <7 <% S
Fluorene <5 w7 TE <7 i
. Phenanthrene : 79 27 1G9 72 41
Cl-Phenanthrenes{4) €4 €2 19 & g
CZ2-Phenanthrenes (4) <4 <z & 4 2
Cai—FPhenanthrenses{2) : ' <4 2 <4 $E 4
Anthracene ‘ R4~ 2 14 a T
Fluoranthenes - : 154 5% 189 127 &I
Fyrene - _ : 210 ' 25 271 189 P
2, 3-henzofluorene 121 18 ig2 a0 ek
Benz {aYanthracene ' 137 Sy izg 154 T3
Chrvsene/Triphenvlens ; 188 82 260 177 0
Benzofluoranthenes : 845 374 1137 784 =86
Benzof{elpvyrenea ) 181 72 228 160 =ty
Benzola)pyrene 217 g4 308 203 113
Ferylene 56 17 : 8= w2 3
Py lU0~diphenvlanthracene - . <2 <2 <3 <2
Dibenz {a,h}anthracene 70 22 I8 T hE =8
Renzolg,h,ilpervlene C 158 68 21= 147 74
TOTAL DETECTARLE FaHs 2404 964 I255 2208 1138
PERCENT DRY WEIGHT SF.51 32.8% F8.0868 2 39,14 ' TS
PERCENT TOC 1,82 1.69 2.08 1.848 - 20
SURROSATE RECOVERIES IM PERCENT
Maphthalene—ds 35 28 35 . 5 20
Acenaphthene—di1o ' 700 &0 833 72 13
FPhenanthrene—dlQ 115 102 108 108 7
Chrysene—dl1l2 . 73 74 TG T4 =
Fervlene—-dil2 84 78 Fd g0 =

#*****#*###k*#**#***********###*****##&**####****#K#iﬁ**###*&*f&i&*m#*#l
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SWRCE FPOLYNUCLEAR ARDMQTIC HYDRBCQRBDNS SURVEY

************K**#***X**********X***#*****X*#****#*****##****#***#i#**ii#*

STATION #l&:Newport Rackbay
COLLECTION DATE - 19 June 19864
RESULTS(nG/G Dry Weight) - Rep #1 " Rep #2  Rep #3 Mean 1 8.D.
Indane ' . <13 - <47 £7 €22 £
n—Propylbenzene i 49 w23 < 4 <12 3
iso-Fropvlbenzene 413 <33 A= 21a . i &
Tetramethylbenzene <13 SR 45 <5 owtg s - %
Maphthalene : 9 _ =l Xog s ERS 7R
£l-Naphthalenes {2} <5 ] <3 _ CE-R ..
C2-Naphthalenes{a) <1 © 424 €7 . 1S o
C3-Naphthalenes(2) o | R A3 | A T13 g 3
EBiphenyl 4 ' <5 <11 £ b %
Acenaphthylene a5 11 DA w8 R O
Acenaphthene : <8 C«21 <6 @12 . K
Fluorene ‘ TS “1lé < A D= I K
Fhenanthrene <3 LS 12 7 &
Ci-Fhenanthrenesi{g4) - L3 45 i3 4 3
CZ2-Phenanthrenes (4) £33 45 &3 £ K
Cq—Phenanthrenesizi L {5 : LIS I i O A
Anthiacene L3 el g4 a0 AR B
Flugranthene 5 21 oyl -1 cidb
Pyrene 27 17 - 7. - &7 BT
2,3-benzofluorene <4 b 10 ' £7 .
EBenz {a) anthracene . 7 7 ' !4 33 44
Chrysene/Triphenylene : R i S £ = a4 oo EE foet =10
Benzofluoranthenes o 115 " P4 i T R X4 A
Benzoi{e)pyrene - : 11 286 27 2y R
Renzo{alpyrene : - 0 24 =1 T B bl
Fervliene o 7 <2 SR 4 =
P, lﬁ—dlphenylanthracene “2 £2 it b 3
D;bpn.-_(a,h‘fanthracene= _ €2 ] 2 FE e 42
Benzoi{g;h,i)peryliene o i8 2 I 2T g
TATAL DETECTARLE PAHs _ 23F 0 988 g8eg T0A 412
PERCENT DRY WEIGHT . 50,83 47,473 49,77 49,34 1.74
PERCENT TOC , . 1.09 1,29 1.14 ~  1.17 B #s
- SURROGBATE RECOVERIES IN FPERCENT
Naphthalene—d8 36 14 QO 47 39
Acenaphthene—di10 , ' - B 32 110 &7 48y
FPhenanthrene~-dl0 CL- 74 114 25 21
Chrysene—-d12 . 81 g8& 45 71 TRR
Ferviene—di2 PO g2& it 77 19

#***#i***i#*$*#*#**#********#*#***i**********##***#***K#iti*x Yai#ﬁi***
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SWRCER FOLYNUCLEAR AROMATIC HYDROCAREBONS SURVEY
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STATION $17:8anta Ana River

COLLECTION DATE 00X July 19858

s )

SR S

RESULTS (nG/G Dry Weight) Rep #1 Rep #2 Rep #3 Mean i 8.D.
Indane <h <11 =) <8 *
n—-Fraopylhenzene ) <4 £7 4 5 X
iso-Propvlhenzene ' <& <11 b <8 £
Tetramethylbenzene <h <11 th =t ¥
Naphthalene : <4 <7 <4 <5 ES
Ci-Naphthalenes (2} o3 <4 L <35 E 4
C2—-pMaphthal enes (&) : <5 e <5 L ¥
E3-Naphthalenes (2} L= €8 <5 ) X
Biphenvl : <X < 4 <F T3 kS
Acenaphthyl ene <1 <2 L w2 k3
Acenaphthene g “é <4 5 -
Fluorene _ <3 <, 4 <35 ES ks
Fhenanthrene . i3 & 1& 14 7
Ci-FPhenanthrenes {4} 2 o3 et az x
C2-Fhenanthrenes (4) 14 <3 <2 & 7
C3X-Phenanthrenes(2) o s ¢<3 42 4
anthracens S <1 <2 %1 S |
Flumranthene 32 27 T CEO

Pvrene - 41 27 =1 33

2, 3~benzofluorene R o <3 <2 <2

Benz {a) anthracene 7 12 13 14
Chrvsene/Triphenvlene 28 21 25 25
Renzofluoranthenes ' 73 72 v 7R 1
RBenzoielpvrenes i8 17 20 ig
Benzoi{alpyrene ' : ig 17 Ry 23 10
Pervliene 11 10 3 11 i
?,10~diphenyl anthracene €1 <1 < €1 S
Dibenz (a,h)anthracene 3 <1 €1 by 1
RBenzaig,h,iltpervli=ne 14 ia i7 1& i
TOTAL. DETECTARLE PAHs : 295 22= 292 2T0 41
FERCENT DRY WEIGHT &87.74 &%, 20 HB. 72 a8 55 74
PERCEMT TOC T 51 +a1 - )
SURRDGATE RECOVERIES IN FERCENT

Maphthalene—-dg8 =8 33 &0 S0 19
Acenaphthene—dlod 0 =3 g2é& 7a i7
Fhenanthrene-d1s 110 77 103 97 177
Chrysene—-diZ2 _ 2 83 117 7 1g
Ferviene—-dl2 {8 77 104 X 14

AN A AR AERRKRKK AR KK AR ARARNK KKK AN REERKHRRK KKK LR AR KRR KA R R KR RKKKKR
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SWRCR POLYNLUCLEAR AROMATIC HYDROCARBONG SURVEY
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STATION #18:Dana Point Marina

COLLECTION DATE 08 May 198646

RESUL.TS{nG/r8 Dry Weight) Rep #1 Rep #2 Fep #3 . Mean 1 2.0,
Indane <71 <3 <17 SEE
n—Propylbenzene <21 C <40 <140 24
iso-Fropylhenzene <24 < 8b <14 32
Tetramethvlbenzene _ <26 <48 <14 Ao
"Maphthalene <21 <40 <10 <2
Cl—-Maphthalenes(2) ' <10 w21 <5 12
CZ-Naphthalenes (&) <14 <34 L9 €19
CS—Naphthalenes (2} ' <14 £34 <9 19

Biphenvyl <10 <21 <3 <12
Acenaphthylene : <7 i3 <4 =g
Acenaphthene <14 <29 <9 <18

Fluorens ‘ ' <10 <21 <7 13
Phenanthrene =2 . I <4 _ = 4
Cl-Phenanthrenes (4} =t=] 1Z%4 <4 a7 &
C2-Phenanthrenes{4; 78 134 <4 7z &
CI3~-Phenanthrenes (2) ' 55 &2 €4 ‘41 =2
Anthracene i2 <hH <1 & =)
Fluoranthene _ , 40 46 13 =1 14
Pyrene e 3 15 =1 43
2. 3—benzofluorene 27 S E17 <& $10 ®
Benz {(a)anthracene i2 14 = 10 R
Chrysene/Triphenvliena , 2z 33 14 il it
Benzofluoranthenes ' 29 112 3= 59 Gd
Benzo{elpvrene : 17 24 10 17 7
Benzoiz)pyrene 22 ‘24 3 20 &
Fervlene ' 27 24 14 22 &
?.10~-diphenvlanthracene TS <7 €1 <4 t
Dibenz{a,h)anthracene 14 <130 ) 0 &
Benzafl{g.h,i)pervliene 14 20 12 14 4
TOTAL DETECTARLE FAHs 485 814 131 477 472
FERCENT DRY WEIGHT 51.72 43,40 L2, 47 52. 60 I, &R
PERCENT TOC 1,04 1.21 1.13 1.13 . 8
SURROGATE RECOVERIES IN PERCENT

Maphthalene~d8 . 0 23 =7 I 7
Bocenaphthene~dio &S 4.4 70 &0 14
Fhenanthrene—din : = =9 84 79 iR
Chrysene-—-dl2 8= S0 a7 74 21
Perviene—-diZ2 ?2 =51 a8 7o 21
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SWRCE POLYNUCLEAR AROMATIC HYDROCAREBONS SURVEY

F P S P P T STt Tttt e+ 3228230033352 3 2382322382232 22 28"

STATION #1P:5an Mateo Pt.- Retference Survey Station REZ-4&0
COLLECTIGN DATE 25 July 19868

RESULTS (nG/6 Drvy Weight) Rep #1 Rep #2 Rep #3 Mear 1 5.0,
Indane <5 <G <13 R ES
n—Propyibenzene <4 <h D “h LS
isg—Fropylbenzene <5 <9 <13 o9 &
Tetramethylbenzene <8 <G <13 25 *
Naphthal ene < <h L9 & X
Cl-pMaphthalenes{} <13 <4 <4 %7 .
EZ2-Maphthalenesi{s} <25 <7 <97 <14 X
CEZ—Naphthalenes () <26 <7 w9 A B S
Biphenvyl £173F <4 <4 <7 2
Acenaphthyvlene <13 4 <4 <7 X
Acenaphthene <19 5 <& 10 %
Fluprene 13 o3 Lé 3 E
Fhenanthrene <3 ig <3 a8 g
Cl—-Phenanthrenes (4} <3 2 <A 14 22
CZ2-FPhenanthrenes{4) <3 78 o3 27 2
CIi-FPhenanthrenes (2) {3 30 43 15 22
Anthracene o2 <1 <2 <2 .
Fluoranthene =] 21 & i1 a
Pvrene 4 446 & 1= 24
Z2s3~benzoflucrene <3 33 S 14 ig
Benz {alanthracene 1 @ z 4 A
Chrysene/Triphenylens <1 18 7 9 G
Benzofluoranthenes O 2t 13 17 it
Benzoielpyrene 3 4 1 s 2
Henzo(alpyrene 3 3 4 = <1
Fervlens & & 7 = W1
&, 10-diphenvlanthracens <1 <1 <1 1 *
Dibenz {a.hianthracene <1 <1 <1 <1 %
Benzoig,h.ilperylene <1 1 <1 i <1
TOTAL DETELCTABLE FAHs 24 Z47 45 142 178
PERCENT DRY WEIGHT 55.15 =8. 04 59.24 57.48 2.10
PERCENT TOC 1,09 1.04 1.03 1,04 PRI
SURROGATE RECOVERIES IN PERCENT

Maphthalene-d8 . 0 48 =0 24 24
fcenaphthene—dio 22 78 &2 =4 27
Phenanthrene—di10 3 G2 k] 93 2
Ehrvysene—dl?2 - 104 84 ' 108 @7 1A
FPerviene—dlZ2 58 87 Q4 F4 &

AEKKKEEEKK KKK KRR KKK KRR KKK KR KKK R ERE LK KKK KRR AR KKK KKK KKK KKK
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SWRCE POLYNUCLEAR AROMATIC MYDROCAREONS SURVEY

*X*#******************X**#******#***X***************XK******K*#*#*%*&*X*

e T G M 3 B R B Be 3 B 8 & R MW W M W

STATION #Z20:35an Diego Out+all At Pt. Loma

COLLECTION DATE 30 June 1986

RESULTS{nG/G Dry Weight) Rep #1 Rep #2 Rep #3Z Mean 1 5.0,
Indane <5 <148 <h <%
n—Fropylbenzene i3 <10 < 4 <&
iso-Propvlbenzene 45 £10 LN <7
Tetramethylbenzene <9 <13 <h <8

Maphthal ene ' <3 <10 <4 <
Cl-pNaphthalenes{2) <14 <5 L2 o7
CZ2—-Naphthalenes (H) <27 <5 <4 <14
C3I-Naphthalenes (2) 27 €9 <4 <14

RBiphenyl <14 <% <2 o7
ABcenaphthvlene <14 < 4 a2 &
Acenaphthene . w20 <7 <R <10

Fluorene L20 <5 22 19
Fhenanthrene 7 <2 4 4 -
Cl-Phenanthrenes (4) LE <1 “2 <2
C2~Phenanthrenes (4) ' el <1 <2 0B
CEZ-Phenanthrenes{2) T £33 <1 €2 <2
Anthracens - 7 €1 <1 2 {3
Fluoranthene i4 I 131 12

Pvreng ) 19 10 13 14

2, F-benzofludgrene < <4 2 o

Benz (alanthracens 12 S =} a 4
Chirysens/Triphenvlene 15 8 i3 iz =
Benzofluoranthenes 34 23 7 51 4d}
Benzoie) pyrene ' 22 2 20 17 7
Benzoi{alpyrene 28 11 20 2i 4
FPervlene 4 3 7 S 2
2, 10-diphenylanthracene <2 <1 2 2 k3
Dibenz {(a.RYanthracene €2 <3 <2 <2 ¥
Benzalg,h,ilperviene 14 7 i1 11 p]
TOTAL DETECTARLE PAHs : 171 as - RO4 154 &2
FERCENT DRY WEIGHT &%5.72 b4 .65 a4, 12 &4, 23 . 38
PERCEMT TO0OC .7 BT - 58 - &% R
SURRDGATE RECOVERIES IMN FPERCENT

Maphthalene—dg2 | £ =8 &b 35 33
Ace=naphthene—d10 18 70 112 &7 47
Fhenanthrene—-did 824 104 134 109 24
- Chrysene—dlZ2 25 @g 114 100 13
Perviene—-dil2 59 8é4 &F &% 13
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SHWRCE POLYNUCLEAR AROMATIC HYDROCARRONS SURVEY
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STATION #21:MNorth San Diesgo HBay
COLLECTION DATE 01 July 1986
RESULTS (nG/3B Drv Weight) Rep #1 Rep #2 Ren #3 Mean 1 85.D.
indane <8 <117 <15 <47 #
n—Fropylbenzene ) <78 <10 %1 *
isg-Propylhenzene & <117 1% L Gé *
Tetramethylbenzene <& <117 <13 <44 3
Naphthalene <4 <78 < i LIRS ] X
Cl-Naphthalenes{2) <2 < 4 <4 <& 3
E2—-Naphthalenes (&) T <5 <7 “ 7 £
. E3—Naphthalenes (2} <5 <9 L7 W7 3
Biphenvyl ] <4 oy e &
Acenaphthyvlene £ b1 o oo "
ARcanaphthensa < <& <4 < *
Fluorene <3 “é <4 D ¥
Fhenanthrene. 43 51 zZ8 35 13
Cl-Phenanthrenes {4} =3 = <2 0 26
CZ—Fhenanthrenes (4) Ad bt =] = 475 L RS
E3-Phenanthrenes (2) T 2 45 42 27 22
Anthiracens ' g ) 2 = 3
Fluoranthene 78 82 55 74 17
FPvrene ' : 121 104 = 3 =4
2, 3-benzofluorene 32 zZ8 é 2z 14
Benz {(a)anthracene . 7O =1 14 dé& 27
Chrvsene/Triphenvlene 149 192 &4 21 49
Benzofluoranthenes 454 478 268 223 Z0a
Benzofe)pyrene 114 122 S& a8 R
Benzoi{alpyrene i1l& 129 Had 103 Tk
Perviene 3h 34 i3 28 iz
Fy10~diphenvianthracene <1 <1 <1 <1 ; %
Dibenz {a,h)anthracene 29 <1 a 13 14
Benzoi{g:h.i)perviens= ) 70 7a 8 sl 21
TOTAL DETECTABLE PAH= i478 . . 14E8 &7% 12088 454
FERCENT DRY WEIGHT 65,39 H5.F6 &4, 04 &4 . 63 1.0%
PERCENT TOC : .05 ) - by - 57 <O
SURROGATE RECOVERIES IN PERCENT
Naphthalene—dB &4 = 31 %! =1
Acenaphthene—dlo 1046 =a &8 s 25
Phenanthrene—d1d : 1190 130 1064 105 5
Chrvsene—dl2 FA 101 111 102 F
Pervlene—dlZ Po ag 102 FE 7
4
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SWRCE POLYNUCLEAR AROMATIC HYDROCARBONG SURVEY
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STATION #22:NABBCO-8an Diego Bay

COLILECTION DATE 01 July 1986

RESUWLTS{(nG/5 Drv Weight) Rep #1 Rep #2 Rep #3 Mean 1 8.0,
Indane <19 <131 92 <31 X
n-Fropvlhenzene o <14 <87 TER2 <51 ¥
iso-Propylbenzens ' <19 <109 <79 < AhT *
Tetramethyvlbenzene | ' <17 <109 Chb L &4 £
Naphthal ene Rt} < R]7 <22 bl 245
Ci-Naphthalenes{2) <12 <18 415 <14 ¥
C2-Naphthalenes (&) . <1é <32 L3R4 425 E
Ci-Naphthalenes (2) “1é 52 L2 <25 ¥
Biphenyl 10 <18 1S <14 *
Fcenaphthylene <h 2 <11 is i4
Arenaphthene - <14 €28 124 22 ES
Fluorene : 410 <14 <18 Si1A %
Phenanthrene ' 120 &85 114 29 05
C1~PHenanthrenes (4) GE 189 =8 : F7 &1
CZ—Fhenanthrenes{4) a2 =9 ate) &S0 i
Ci—Fhenanthrenes{2) " ' 194 27 8 Sa 42
Anthracene ‘ 44 112 49 ) 73 42
Fluaranthene . 39 P&T 274 543 e
Pvrene FOA 1142 18351 1293 481
2y F-henzaofluorene _ 178 S40 i77 232 FE
Benz (alanthracene 243 &0 233 R S 128
ChrvsenesTriphenvlene 448 &F2 4&H35 538 S 1E4
Benzofluaranthenes 1310 2700 T 1743 igig 711
Benzo{elpyrene 502 &E8 774 ¥ b 138
Henzo{a)pyrene o &28 72 1013 838 195
Paryvlens 178 13 20 . 180 115
?,10-diphenvlianthracene w3 <4 - < 4 E S
Dibenz {a,hianthracene 1246 44 445 - 72 47
Benzoi{g.hs;i)perylens 347 474 555 B 105
TOTAL DETECTARLE PAMs 5728 FEFT 74838 7EEG 1835
PERCENT DRY WEIGHT : - 44,00 41.448 42,39 4z. 458 1.2
FPERCENT TOC 1.87 2.00 1.7%9 1.89 .11
SURROGATE RECOVERIES IN PERCENT

Maphthalene-d® . bé & 14 =0 =2
Acenaphthene-d410 , F5 42 51 &2 =27
Fhenanthrene—d1d : 115 71 7 |5 24
Chrvsene—-d12 2Q 70 =9 7 20
Feryleng-dl12 101 g1 &4 a2 18

EES SRS F I TSR E TS S LRSI E TSR RS ES TR SRR ESESERESELFSEES T TS
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SWRECR POLYNUCLEAR AROMATIC HYDROCARRBONS SURVEY

ES S E2 2352332233233+ E SRS TR LRSS ER RS S

STATION
CCOLLECTION DATE 01

#23:Chollas

. RESULTS(nG/G Dry Weight)

Indane
n=Fropvlbenzene
iso-Fropvlbenzsene
Tetramethvibenzenses
Naphthalene
Cl-papnthalenes(2)
C2-Naphthalenes (&)
C3—-Maphnthalenes{2)
Biphenyl
fcenaphthvliene
Acenaphthene
Fluorens
Phenanthrene
Cl—Fhenanthrenes (4)
C2—Phenanthrenss {4}
Ch~Fhenanthrenes {2}
fthracene
Fluaranthense

Fvrane
Z,S3-henzoafluorens
Henz (a)anthracene
Chirvesene/Triphenvliens
Benrzoaflucranthenas
Benzoie)pvrrena
genzof{alpyrene
Faervlaene
Z,10-diphenylanthracene
Dibenz ia.h)anthracene
Benzoig,h ;ilperylene

TOTAL DETECTABLE PAHs

PERCENT DRY WEIGHT
FERCENT TOC

Creek—%an Diego Bav
19854

SURROGATE RECOVERIES IN PERCENT

Maphthalene—dB
Acenaphthene—did
Fhenanthrene—dio
Chrvasene—dl?
Ferviene—dld

S22 TS ESESSP RS2 REER S ES

A27

Rep #1 Rep #2 Rep #=
<1& w22 T1%
<10 <14 oG
<1l& <18 <13
<13 18 12

22 22 ae
<4 <7 <5
<8 <13 <11
<8 11 <11
<4 L7 T5
<A 11 L4
wh <11 oG
5 w7 <7
1561 192 154
A F7 82
53 a9 g
22 z 55
30 49 33
208 Z44 294
Z59 a3z TED
o7 . 201 174
240 270 243
43 537 R0
1990 14461 1428
451 Td4 S5A
512 A£28 AET
19 ' S 152
<3 4 S
“Z2 40 1=8
208 549 R
44644 =874 =898
S0.01 49,79 48, 40
1.70 1 .65 1.54
=0 45 =8
124 a7 P
1073 28 100
152 30 "/e
127 82 ag

}
i
I
}

Mean I 5.0
218 *
11 ;Y
I1& ¥
<14 %

ig 2
& #
10 ¥
210 £
Ty £
& =
£ Q -4
s 3
171 24
840 ig
78 27
=T TG
44 %
283 LT
AT 277
144 T
198 103
497 an

1492 =71
=18 =R
592 LY

&1 7S
2 1
& 7
298 =
45T TS
49, 85 =y
1,63 o8
=0 &
101 Z0
100 2
107 it
P9 . 24
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SWRECR POLYNUCLEAR AROMATIC HYDROCAREONS SURVEY

R****#*#i****3****#******R#**#***#***#****#**X***X**********************

STATION #24:5an Diego Harbor At 7th Street

COLLECTION DATE 01 July 198&

RESULTES{NG/G Drvy Weight) Rep #1 Rep #2 Rep #3 Mean 1 8.D.
Indane <10 <58 {33 <34 ¥
n—Propylbenzene : <5 O35 <18 419 X
igo-Propylbenzene ; <8 <42 w25 425 *
Tetramethylbenzene g <486 <29 <26 X
Maphthalene 2 35 <18 .27 @
Ci-Maphthalenes (2} ' <3 414 <11 <G X
CZ2-Naphthal enes{&) 27 <29 22 26 4
C3—-Maphthalenes<{(Z} - . 49 427 420 : 32 15
Biphenyl <3 <1& <11 <10 £
Acenaphthyl ene ’ 14 <11 49 12 4
Acenaphthene - <4 <25 <17 <lé *
Fluorene _ - w3 <18 <13 <1t b
Phenanthrene " 1G4 178 163 143 =
Ci—Phenanthrenas(4) : 18 199 175 131 g
E2-Phenanthrénes(4) ° , 7 287 a0 155 115
Ci=Phenanthrenes(2) ' 199 27 130 - 219 100
Anthracene 52 _ 7O &b - &5 3
Flucranthene _ 17 . 48 . 252 258 - a7
Fyrene _ 3797 2783 1877 2686 295
2, 3-benzoflucrene ' P34 1105 787 ) 189
Benz {(a)anthracene LH42 R6H 219 4140 - 215
Chrysene/Triphenvlene 510 Hé6d 281 - 484 191
Benzofluoranthenes . : 5277 - /495 3024 /265 1144
Benzoi{e)pyrene 1178 FOI HOF ' 17 255
Benzo(a)pyrene 278 . 1151 735 1085 284
Fervylene 371 13 1568 284 105
?,10—diphenvylanthracene 2 = L3 A 2
Dibenz {a,h)anthracene 142 254 188 _ 195 57
Benzo{g:h,i)perylene : &98 Q0 440 B4 135
TOTAL DETECTABLE PAHs : - 13406 13544 PRI7 12802 IZ2E9
PERCENT DRY WEIGHT 54,71 =1.09 43,63 49,81 =. 65
FERCENT TOC 2.24 2.33 2.2 2.28 05
SURROGATE RECOVERIES IN PERCENT

Naphthalene—dg . : =8 41 S0 =0 g
Acenaphthene—d10 , % 84 a4 0 8
Fhenanthrens—di0 107 125 106 113 11
Chrysene—dl?2 A0 120 84 82 30
FPervlene—-diz 74 122 101 9 24

LS 2SS FE RS SIS LIRSS F LRSI TSI IIILIR LRSI ISR RS L N
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DETAILED PAH ANALYSES BY SCCWRP PRESENTED

ON A BASIS OF NG/G TOC

AZ9






SWRER POLYNUCLEAR AROMATIC HYDRUOCZAREBONS SURVEY
S ECEESE SIS E LSS ET LIRSS FER ISR LRSS LSS SRR TS ES

STATION #1:Chevron Outfall

COLLECTION DATE 21 April 1986

RESULTS (nks/G6 TOO) Ren #1 Rep #2 Fep #3 Mean 1 8.0,
Indane <3844 <1728 = SO0 #
n-Fropyvlhenzene . L2692 < 3b4 < 4TG0 *
isp-Fropyvlbenzene #3846 <1358 « 4 EHO W
Tetramethvlbenzens <TH46 CE1TEE 0 L0000 &
Maphthalene 2492 <888 £ 4474 X
Cl-Naphthalenes{2) < 1338 CR20 L2293 3
E2—-Naphthalenes (&) _ L2844 RT3 4822 *
CE—pdaphthal enes {2 <3844 “hg1 <3822 3
Biphenyl < 1538 < R0 REeE 5
ARcenaphthylene <1154 4320 4 1ER29 B
Acenaphthens <1923 A= ] < BOET E
Fluorene L1538 {394 2293 %
Phenanthrens <768 2271 L8463 Fi7E
Ci-Fhenanthrenes{4) L7468 B37 <1248 ekt
Co-Phenanthrenes (4} £ 748 D=L I744 1a&7
Ci-FPhnenanthrenes {2’ _ <T4L8 S0 4748 1)
Anthracene <384 121 Lh24 B
Fluoranthens 1920 28469 15592 TaRIE
Pyiene 2929 3563 185172 RET4
2, 3-henzoflugrene £ 16058 SETO %1685 ¥
Benz () anthracene 2043 24ZT8 129073 SHO0T
Chrvsene/Triphenvl ene 329D RS ot | 22439 11150
Bernzofluoranthenes 10957 4735 49410 21787 ZAZTLT
Henzoi{elpvirenea 2247 TOES 12114 | OEBDD o477
Benzoialpyrene 1889 3278 13845 - HTET HTEF
Farvliene . ) 7o4 2428 4515 CRE0D0 1235
%, 10-diphenvlanthracene < 1B4 <121 a7 L a4 L
Dipenz {(a.h)anthracens 7468 364 <1154 758 nED
‘Benzoig,h.i)pervlienes 7483 <121 4415 1871 2452
TOTAL DETECTARLE PAHs 27IE2 JIO0OT7E 1&F227 7ES44 ®ii43
PERCENT DRY WEIGHT dg1l.44 7944 81.77 a0, 90 )

PERCENMT TOC . 2 : -81 « 27 .42 “

LE ST S FE SRS ETE ST TR ESERELERELSELTEL SRR FEIFESELIELTESESESSEETS SRS
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SWRCER FOLYNUCLEAR AROMATIC HYDROCARBONS SLURVEY
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STATION #2:Hyperion S-Mile Outfall
EOLLECTION DATE 21 April 1934

RESULTS(nG/E TOC: Rep #1 Rep #2 Rep #3 Mean - P
Indane <&H3I3 L <1081 7T *
n—Propvlibenzene < 38O <357 LhTE 1471 ¥
iso—Fropylhencene. L S06 « 357 <1081 < H48 E
Tetramethylbenzene <5046 <595 <1081 72T ¥
Maphthalene 2375 2022 2136 2178 180
Cl-Naphthalenes (2} ' 894 788 . 1313 FP7 279
C2-Maphthalenes (&) 511 654 <4558 &08 24
CEZ-Naphthalene=z{2) <8511 o223 < A58 < SbH4 ES
Biphenyl 2811 2877 Ti246 2938 1464
Acenaphthvlene - {254 (262 S 329 <282 %
Acenaphthene <511 ERP2 494 <AL %
Fluorene . - <E83 £2462 <329 <325 ¥
Fhenanthrene SR 1512 - 1E70 1815 1346 227
. Eil-FPhenanthrenes (4} 1977 4111 &£224 4104 2124
- CZ-Phenanthrenes (4) =253 <304 45358 1692 24405
CEZ—Phenanthrenes{(2) : 1744 1086& 4149 TI20 18620
Anthracene <116 <152 259 174 7a
Filuoranthene. 2791 2131 ZEIR 2E05 0 F39
Pvrene ‘ ‘ 4266 2811 3044 3374 781
2, 3~benzofluorene <474 SE7S =580 474 B 54
Benz {alanthracene 4740 x748 17440 F4A09 is2a
Chrysene/Triphenylene - 4424 373 2175 IE24 1i2=
Henzoftiuoranthenes 17184 7i9g 5741 100472 AZED
Benza(elpyrane 4805 2985 1419 3134 1598
Benzoia)pyrene 2174 40378 1472 o Z2E&L 1894
Pervlene 2302 1404 1787 | 1858 505
2, 10~diphenylanthracene £18% <174 <147 <1869 X
Dibenz {a,hlanthracene - _ 1478 176 130 295 bid
Benzoi{g,h,ilperylene 1463 1931 1030 1=41 467
TOTAL DETECTARLE PAHs L0242 42504 4LTTE 49700 ‘ 3R
FERCENT DRY WEIGHT 6l.14 561,09 A&F. 02 LF. 74 4.54
PERCENT TOC A - 84 . 74 TR =05
2SR FSFL SIS SRR ISR SRS SIS RS SSIESSERS RSP ESRESEE TSR S

A3l .



SWRCE POLYNUCLEAR AROMATIC HYDROCARKONS SURVEY
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STATION #3iHyperion 7-Mile Outfall
COLLECTION DATE 21 April 1984

RESULTS (nG/6 TOC) ‘Rep #1 Rep #2 Rep #3 Mean 1 S.D.

Indane ' . <942 “14&18 <1313 132791 3
n—-Fropvlhenzene 598 CH94 LAEE TT7A1 ¥
isg-Fropvlbenzene <734 L1306 LRSS £ RO00 ¥
Tetramethylbenzene <8073 <1442 <1047 <1104 X
Naphthalene <HOL . 13840 7EE8 FEhS HHTO
Ci—-Naphthalenes (2} 3475 2IF0NG 146708 147573 S5
C2-Naphthalenes{&) : . 15848 T5580 20319 2IR2Z A%
LC3-MNaphthalenes (2} EE41 10858 14208 21%s G345
Biphenyl 15554 ThHEZS 29997 27389 &5
Acenaphthvlene ' EO01 LoD 289 < 4530 %
Aoenaphthens #1149 21304 ThHZS L 3OEE LS
Fluorene <R/IS €931 LT 894 8
Fhenanthrene .o 47135 7004 RS-\ &£29% I
Ci-Phenanthrenesi{4) aoL2 Z2T7RE0 8344 141832 520,
CZ-Phenanthrenes (§) g570 ZELALT 4291 12847 440
Ci+-Phenanthrenes (2} C1i1G03e 18845 4933 1idi7 RET
Anthracene < 2EF < EEY &I3 4034 15
Fluoranthene - _ 240 FLHOD DGl LNSTS 122
Fvrene - : 4795 12280 5501 THTZE HE
2y 3—-henzoflugrene : IZ20 . 5BO9 1368 2852 Db
Benz (afamthracene ] 2830 12087 3444 aiZ2T 177
Chrvsene/Triphenylene . 3T 12524 4274 LEHE Z09
Benzoflumanthenes 7311 F2451 10224 17549 Ha
Benzol{elpyrene T 2488 ERYEN 2EHG 4308 Zio4
Benzo{alpyrensa 3270 11903 3271 &148 =257
Perviens 2061 1HaZ 1517 1747

¢, 10—diphenvlanthracene <284 CE9e 4190 L2914

Dibenz {(a,h)anthracene <IEE RS2 <2E7 L AVE
Henzoig.h,irpervyvlene ' 2274 &B49 1189 F4EE

TOTAL DETECTABLE FPAHs 1069461 315641 1517848 1IBR734 107028

EE S S22 SS TS SE LTSS SIS LSS SRS IEEIT IS TSRS SIS EST R
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SWRCER FOLYNUCLEAR AROMATIC HYDROCARBONS SURVEY
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STATION #4:l.05 Angeles County OCutfall Station PVY7-Z
COLLECTION DATE 2% July 1986

RESULTS (na/G TOC» Rep #1 Rep #2Z Fep #3 Meran 1 B.D,
Indane < 400 <1448 LaH2T SRES *.
n—-Fropylbenzene <232 <724 < 200 T419. ¥
itso-Fropylbenzene RS ¥ <1084 A N4 R N ¥
Tetramethylbenzene £51& <108& AL “hZ22 #
Naphthalene 2211 1449 2444 2042 529
Cil-Naphthalenes {2} 2878 1534 29462 2454 201
C2—-Maphthalenes{&) 83700 H134 15779 1oO72 . B0AD
CZ~Naphthalenes (2) SO0& 8867 19265 11385 L5RT
Biphenyl ' 7oz S2R7 484 te k! 283
Acenaphthylene 1501 1420 FL7 12%4 288
Acenaphthene <334 <398 L4423 LREE %
Fiunorene _ T34 <284 =44 a7 1328
Fhenanthrene 323 T493 298 4705 1449
Ci-Fhenanthrenes (4) 28446 14820 28692 18784 BATE
CZ2-Fhenanthrene= {4} 21002 243351 F1073 ZRBOY 10757
CE—-Phenanthrenes (2} F174 15724 26215 171306 - BEL1
Anthracene 1448 841 1344 1218 TEZ
Fluoranthene 4731 I097 29451 SIEG A PO
Pyrene - Qaas B2%4 10554 4] el
2, 3-benzofluorene 146382 19033 24700 20038 e o
Henz {alanthracene T13D 40324 - 4541 [RYEE TG
Ehrvesene/Trighenylene =774 Hdhs 7itl HGED S&H7
Benrofluoranthenes izas4 1798% 187463 17537 1500
Benzoiselpyrene SEFFE . 7254 g70% - TAED =45
Benzo{alpyrene L4688 7344 Q424 74345 278
Fervliene , T422 74484 1402467 7 16354
7y i0-diphenvlanthracene 122 =0 <142 A0 48
Dibenz {a,h)anthracene 1835 D0 <212 7P FO0
Benroig,h,i)perylene 4527 5495 5239 ROR7T S
TOTAL DETECTABLE PAMe 53692 165445 247432 188740 H105ED
FERCENT DRY WEIGHT 38.24 7. 04 T4, AT 3T .52 2,33
FPERCENT TOC 4,7 4,472 a7 4,28 S50



SWRER FOLYNUCLEAR AROMATIC HYDROCARBONS SURVEY
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STATION #5:Mid Los Angeles Harbor
COLLECTION DATE 27 June 1986
RESULTZ (nEs6 TOO) Rep #1 Rep #2 Ren #3 C Mean 1 S:.D.
Indane L7273 <2143 <714 £ERT7 «
n—FPrepylbenzene _ <4221 £1587 <355 < Z0E8 E
isp-Propvylhenzene <5455 <2143 S84 L2727 *
Tetramethyvlbenzene < hH&88 £21473 <714 <3182 ¥
Maphthalene | «£424% <1599 <429 <2090 ¥
Cl-Naphthalenes {2} <1510 « 520 <2946 <7TE E3
CZ2—-Maphthalenes(s) - 2T < 8a7 L AEI2 < 13749 S
CS3—-Naphthalenes {(2) <2589 <8367 S % 1349 ES
Eiphenyl <1510 <ER0 L2 ST7S %
Acenaphthvlene LIOTI <347 <197 <341 %
- Acenaphthene _ <2373 s <394 <1197 ¥
Fluorens <1726 % B20 < EFE . < gao £
Fhenanthrene _ <742 1867 T 1121 o
Ci—-Phenanthrenes{4) L RT742 2087 <283 10357 @A
C2-Fhenanthrenes (4) | L7472 3295 B 1440 143R%
C3i—FPhenanthrenes(2) <742 LHFLD <283 2638 BTOA
Anthracene LE71 <110 L4 LHE
Flumranthene 2090 3405 2170 2a83 &42
Fyrene - ' BO4& a558. AE24 THTT 1113
2, 5%-benzofluorens . 1681 . g184 818 IEL2 4028
Benz {(a)anthracens I723 2977 2887 3109 HE4 -
Chrvsene/Triphenvlene SO05 &L698 4204 SH5G 1284
Benzofluoranthenes 190472 29O 24788 CRAETT CEAEE
Benzoleipyrene A418 7331 s G AE2E HZg
Benzoi{alpyrene - g5z 2880 T15E B1&8 Ptk
FParylene ' 2TESE 21582 270482 24000 27FE
?, i0-diphenvlanthracene “Eié <112 <3114 <181 3
Dibenz fa,hYanthracene 17488 1574 1025 1482 IGE
Benzoi{g,h,i)pervliene 4524 {4494 IHE? {4220 LA
TOTAL DETECTABLE FAHs 846193 117955 BEET0 PAHITZ 18207

*ﬁ*#***X**********##****K****X#*************3*****Xii*****#**********#**
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SWRCEH FOLYNUCLEAR AROMATIC HYDROCAREONS SURVEY
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STATION #hH:kast Turning Basin— Inner Long Beach Harbor
COLLECTION DATE 27 June 1986 '

RESULTS (nB/6 TOCY - Rep #1 Rep #2 Rep #3 Mean 1 &4.D.
Indane . < 1358 <502 LPOT <SPG *
n-Fropylbenzene - {915 {345 £ &0 ezl %
iso-Fropylbenzene <1197 < {08 <733 - ST7TR ¥
Tetramethylbenzene <1338 CEO2 L7E3 < BS %
Naphthalene £901 sl 2844 1994 1001
Ci-Naphthalenes(2) _ 1049 1412 1829 1430 390
CZ-Naphthalenesi{s) - 3424 {II7 4404 4027 525
CIZI-Naphthalenes (2) 13365 AEOT FEO 9894 TATO
Hiphenyl _ <331 <202 CE3E ©28% %
fAcenaphthylens a &08 1412 1081 1034 443
Acenaphthene H497 SAOE A <433 *
Flunrene y - 1878 14463 1995 1775 ZRO
Fhenanthrene _ 17234 14550 21874 17887 704
Ci—-Phenanthrenes{(3) ' 21525 16324 27SALS 21845 SLTZ
C2-Fhenanthrenes(4) - B30T 21381 ITPRT . TOR14 BEIO
CEZ-Phenanthrenes(2) 27214 14479 RTGRS T ZITIT T ALEZ
Anthracene - &8472 =944 2P1D 74 1490
Fluoranthene - 36011 2REE BR1ZT7 ITRR4 15575
Fyrane A . 48411 L0245 THATR L1709 14088
2 F~benzaflucrens C 17042 20180 F74H80 24954 11078
Renz (a)anthracene . 2TZP0 254731 45383 T1SES 72472
Chrysene/Triphenviene 41973 - ER947 &7252 49724 15213
Bemnzofluoranthenes 244638 137412 149534 1258462 28217
Benzoi{elpyrene PEFLEL . 34791 48172 TAETLO 11181
Benzoial'pyrens 25235 Ige7e VR 7180 10125
Perylene ' ' 644 Fab] 13362 TEE& A&Za
9, 10—diphenvlarthracene 215 168 IEZ 245 4
Dibenz {a,h)anthracene F120 11149 1289346 11078 1915
Renzoig.hi)perylene 19882 20327 288846 | Z2RIR 170
TOTAL DETECTABLE PAHs 449375 S0OBYTS 724171 S&8174 1IR7ES
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SWRCE FOLYNUCLEAR AROMATIC HYDROCAREONS SURVEY
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STATION #7:L.02 Angeles River Mouth At GQueensway
COLLECTION DATE 27 June 198&
RESULTS (nk/6 TOO) ‘Rep #1 Rep #2 Rep #3 Mean 1 8.0,
Iindane <283 <471 <375 <374 ¥
n-Fropylbenzene I - Y- 275G <225 <221 %
isg-Propylhenzene Cog20R <353 < R0 <285 kS
Tetramethvibenzene 202 <431 <300 2711 : ES
Maphthalene 2209 2517 1991 22E9 264
Ci-Naphthalenes{(2) 2198 2213 2230 2214 )
C2—Naphthalenes{b) . 10990 F&H45 722 2218 15358
C3-Naphthalenes (2} FHO2 8534 H3F2 8212 S =
Biphenvi 7 _ =78 <211 427 {405 134
Acenaphthvylene <114 <158 + 142 <133 *
Acenanhthens 789 S BAT 2E0 a4 50,
Fluorene 2024 1317 1878 1744 - EFT
Fhenanthrenes 2T434 2IFTI 212813 2R074 1125
Cil-FPhenanthrenes {4} 2008 - 27348 254886 24948 2711
CZ—-Fhenanthrenes{(4) 25942 z&188 2a017 T oY &H17
Ci-Phenanthrenes {2} , FLI7 15597 15312 13382 IETFE
Anthracene ' - 1825 1684 1313 1808 2EHS
Fluoranthene ‘ 1758 2TE9S 2EOET 283549 o EODo
Pyvrene - 480481 41539 IQTES 4270& AT4T
2, 3~henzaflugrene ' 12114 &&3S 85192 8580 g = e
Benz (&) anthracens ) 23853 14088 17312 172084
© Chry=zsene/Triphenylene T12273 20815 25427 27488 -
HBenroflucranthenss ' 47974 - 42843 e e | 4880
Renzoi{elpyrene - 13743 0 131467 144454 1379
Henzal(a)pyrene 12891 118957 13893 12714
Perviene ' 5102 5894 EEE6 =445
9. 1l0-diphenv]l anthracene &58 1351 193 J27
Dibenz (a,hYanthracene 4855 4717 4950 - 48331
Benzoi(g,h,i)perylene 18224 132692 16971 15294
TOTAL DETECTARLE FAHs $ 337514 323695 3354641 3554617 11510

AR KRR KK KRR KRR AR E KKK N KKK KKK KKK KK KKK KA KKK RK KKK KRRRERK
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SWRCR FOLYNUCLEAR AROMATIC HYDROCARREONS SURVEY
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STATION #B:Upper Los éangeles River At Balboa Avenue

COLLECTION DATE 24 April 19864

RESULTS(nGs/G TAC) Rep #1 Rep #2 Rep #3 Mean 1 3.0,
indane €794 <485 <559 wbiz £
n-Fropylbenzene 457 <388 <305 407 £
izo~-Fropylbenzene <635 <485 <457 <HE24 E
Tetramethyvlbenzene < &3S <485 <457 LEE2A ¥
Maphthalene <520 <3T7IE 1097 AL S83E
Ci—-Naphthalenes{(2} L 290 < 220 UREVEIC 291 X
C2=~Naphthalenes (&) <4356 <367 4371 €291 N 4
CE~Naphthalenes{?) + 436 CEAY <371 S 4E91 3
Biphenyl <290 £ 220 422X <244 E'Y
Acenaphthylene <218 <147 <148 <171 £
Acenaphthenes <47A <293 <Ex71 T RAT kS
Fluorene <290 L2206 223 <244 %
Frhenanthrene 11950 | 12438 18367 14252, 2ETZ
£1-Phenanthrenes (4} _ 7059 471= 9R7E 7214 2SRE
C2~-FPhenanthrenes (4} 7782 4TS 11214 a2z T4
Ci~-Phenanthrenes (2) F224 24618 TIO7 478 2E50
Anthracene ' 4 589 1514 379 479
Fluoranthene 20899 146427 ZORNTE 19443 2479
Pyrene ) _ 24720 - 15070 244680 R24F0D [R3=His o
24 3-benzofluocrene : SS02 14829 2725 FALT . PERS
Benz {a)arnthracene 122% ‘BR29S 11585 10712 2A30
Ehrysenes/Triphenylene 15171 12960 153868 14500 L2357
Benzefluoranthenes - BLEFT 535497 IPEES 4510 HERD
Benzoia)pyrene 3384 FO0OL 13189 7E2S FAHEHR
Benzoialpyrene 139264 104671 11474 12104 1oEe
FPerviene 4553 IR20 4587 4287 328
?,l-dighenvilanthracene L w123 <73 £713 L 8¢ #
Dibenz {a,h)anthracene JO60 © 944 849 1951 1827
Benzol(g,h,ilperylene . 103346 ‘7187 8420 2648 1=87
TOQTAL DETECTABLE FAHs 193393 150134 200093 181207 27117

AR R KA KKK KRR KA KRR KRN A KA KA RARE KK EERRR
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SWRCE POLYNUCLEAR AROMATIC HYDROCAREDONS SURVEY
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STATION #9:Mid Los Angeles River Below Balboa Avenue

COLILECTION DATE 24 April 1986

RESULTS (nG/G5 TGO Rep #1 Rep #2 Rep #3 Mean 1 5.D.
Indane ‘ <1077 <1892 « 1724 1564 *
n—Fropylbenzene - <789 <1351 137 <116 #
iso-Fropylbenzene - 769 11892 <1379 <1347 *
Tetramethylbenzene . 767 +1892 < 1Z79 <1347 *
Maphthalane ‘ ' 725 1396 11214 i112 347
Cil-Naphthalenes (2} _ V346 4901 <825 T&91 *
CZ2-Naphthalenes (&) _ 4345 L1302 <1650 1166 *
C2-Naphthalenes (2) 4346 L1302 <1450 <1ié6é *
Eiphenyl L IZ44 < G0l ~BZ5 2691 *
Acenaphthvlene ' . w173 4601 <825 £533 *
Acenaphthene <519 <1202 L1237 =786 *
Fluorene =348 <01 <825 whE1 #*
Fhenanthrens : 2694 11219 Z83E3 14313 12982
Ci-FPhenanthrenes (4} 11046 17879 9732 11558 ey
C2~Fhenanthrenes (4) ' 2TT03 IBT7I7 5375 22478 186686
Ci-Phenanthrenes (2) 18454 36841 - aG70 204355 T 15483
Anthracene <135 £271 <337 <248 %
Fluoranthene &870 17304 26081 2og1lg 14550
Fyrene , 12355 22612 37129 24032 12448
2,3 benzofluocrense 3577 44055 2297 IETL a1l
Benz (a) anthracene. ' T 2439 12176 168472 104886 - 7345
Chryvsene/Triphenylene ' 47389 25511 . 24880 18240 12017
Benzoflucranthenes &HOFT7 6ZE93 L3276 449332 FILEET
Benzo(elpvrene ' 2410 14121 158736 1078% 7IO7
Henzol(alpyvrene ' 22869 16825 20857 13317 Q772
Perylene ' JI261 12318 - 13903 FEZg 5743
2,i0o-diphenylanthracens ' <142 Satels ] <384 <274 *
Dibenz{a,h’anthracene : 851 5147 S407 =7e8 2548
Benzol(g,h,lperylenes - 18&0 9314 12746 T87E ST IO
TOTaL DETECTARBILE PAHs 10O2Z00 J103T16 296778 2RL4465 116287

'ﬁ'*********ﬁ-****i—***********************i‘*********%**********%*%***ﬁ***i*
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SWRCE POLYNUCLEAR AROMATIC HYDROCAREONS SURVEY
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STATION #lO0zLower Los Angeles River At Willow Street
COLLECTION DATE 2T April 1984

RESULTS (n3/G TOC) Rep #1 Rep #2 Rep #3 Mean i S.D0.
Indane ' <449 L4571 <1873 . <2298 #*
n-Fropylbenzene 286 {2284 L1125 1232 *
iso—Fropylbenzene < 286& L3429 <1375 L1637 #*
Tetramethylbenzene <367 23429 418625 + 1807 *
Maphthalene 1267 LREI2 21103 21201 *
Cil-Maphthalenes (2} <129 <844 L7 T 584 *
CZ-Naphthalenes (&) <214 11688 @ <1344 <1089 -
C3—Maphthalenes (2) ' 1543 <1488 L1344 1332 1562
Binhenyl <129 <844 <779 <584 ®
gcenaphthvlenea < 86& <844 583 <505 *
_Acenaphthene <171 £1688 <1364 <1074 *®
Fluorene L2129 <1246 <274 790 *
Phenanthrene 2678 T&EE 5112 5148 2488
Cl-Fhenanthreaenes{4) 7ZELl 98D 829 SO41 - - 4T0T -
C2-Phenanthrenes (4} _ 5827 18S9 T75 2072 7eEs 71240
EZ—Phenanthrenes (2} FFEI 14307 LHEI Bz71 FODO
Anthracene _ 72 LEIT L2786 227 , 137
Fluoranthene _ 16465 . 8631 . 70446 S787 I559
Pvrene 19248 7731 6813 2476 R ey
2,3-benzofluorena e 5148 2213 oY=t 1162 9132
Benz (alanthracene : ) F2E 4429 IZ9E0 Ktel=g:} .ias7
Chrysene/Triphenvliene 2539 11073 6551 &721 B VWA
Renzofluoranthenes : 2698 29206 12204 17036 . 1533846
Benzoie)pyrene ) 1714 7619 4677 4&77 2953
Benzo(alpyrene : 1641 7936 6217 S2ES - IE5S
Fervlene 233 5397 2901 3544 1430
9,10~diphenylanthracene - <356 s 1274 2210 o *
Dibenz (a,n)anthracense 536 4317 <278 : 414 202
Benzolg,h,1i)pervlene 1213 Z492 SG40 2615 1150
TOTAL DETECTABLE PAMs 454807 1354681 AHF0ET7 . B3385 L465BGY

F A o e S W I W HE A T 36 e e I e T I F e e Fr I e W S P 2 FE 36 A FE e 0 6 6 0 A 0 3 WX K R
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STATION #11:8an Gabriel River
COLLECTION DATE 09 July 19846
RESHLTS{(nk /G TOC) Rep #1 Rep #2  Hen #3I Mean i 5.0,
Indane o ' <747 < 1064 < BG40
n—FPropvlbenzene <458 THDe < EE4
izo—-Propyvlbenzene 4581 <820 < &87
Tetramethylbenzene : s ba4 <934 <802
. Maphthalene ' < &40 < &HH0 LEE2
Ci~Naphthalenes{2) 310 G40 L HAT
C2Z-Naphthal enes (4] _ AT < BE8 2771
CEZ-nMaphthalenes {2} < ShY < g=8 %771
Biphbenvl <ELO L4590 LA
Acenaphthvlene. <207 <368 LTINS
AReenaphthene . <517 - ATFFS TFEG
Fluorene . ' L E6Z < B TELG AT
Fhenanthrene . 8914 T33O S0R& 7R
Cl-Fhenanthrenes (4) 4491 1747 &908 - B449
CZ2-Fhenanthrengsa (4) HO&T 1429 1574 ZHPL
CE-Phenanthrenes (2} 284 1218 L Ty ) 167545
Anthracene ' ‘ <141 <159 <207 41468
" Flueranthene S IS1E4 154672 12740 14529
Pyrene 1 &404 1&FT7S 142377 1EQ7TR
2, 3-bhenzofluoréene i ARG CoES < ASE 1204
Benz {a) arnthracene E7H 1O3EES FALD QPTFL.
Chrvsene/Triphenvlienea 13544 135763 12147 12134
Benzofluoranthenes 40283 2HE4G 19719 2982481
Henzoiesipvrene 439 $5451 K417 F1ET
Benzo(alpyrane’ 11293 10283 P12 10429
Fervlene 3377 2947 2708 3177
Z, 10—diphenvl anthracene L1469 <180 C2ES L 1PE
‘Dibenz {a,h)anthracene 281 1984 <294 853
Benzoig,h;ilpervlene g4a4 8238 gisg gI40
TOTAL DETECTARLE FPAHs 1SZR2729 128457 111247 130811 208451
S EFFE SRS PSS LS TSR E RS ELS SIS LTS LS NSENESE SIS S LTSNS IS FTEEFES S
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SWRCE POLYNUCLEAR AROMATIC HYDROCARBONS SURVEY
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STATION #12:0range County Outfall

COLLECTION DATE

RESULTS(nG/G TGC)

Indane
n-Propylbenzene
iso-Propylbenzene
Tetramethylbenzene
Naphthalene
Cl—-Naphthalenes(2)
C2-Naphthalenes (8>
C3-RNaphthalenes<{2)
Biphenyl
Acsnaphthylene
Acenaphthene

- Fluocrene
Phenanthrene
Cl~Phenanthrenes (4}
CZ2-Phenanthrenes(4)
C3—-Phenanthrenes{2)
" Anthracene
Fluoranthene
Pyrene
2,3-benzoflucrane
Benz (a)anthracsne -

ChrysenesTriphenylene

Benzofluoranthenes
Benza(e)pyrene '
Benza{a’pyrens
Parylene

S, 10~diphenylanthracene
Dibenz(a, h)anthracene
Benzo(g,h, i)perylene

TOTAL DETECTABLE PAHs

06 June 13986
Rep #1 Ren #=2 Rep #3
<412 <376 <151
<235 <2286 <91
<353 <301 <121
<353 <301 <121
3765 5414 <91
6353 5038 2628
6647 5639 3051
1000 <226 725
2412 3233 1088
<58 <150 <30
1471 802 514
1353 11278 1027
16000 13158 9819
9059 5564 4592
4529 3233 2779
2412 3609 1843
2176 1805 1299
21471 15865 12658
14941 183486 10937
4235 6541 4804
7204 15113 8369
22176 11504 8882
70058 27293 20665
14588 10301 7039
21647 13233 9728
5706 4812 2810
<59 <75 <30
3471 1128 - 2356
2000 6617 44711
244765 179326 122025

1382039
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SWRECER POLYMUCLEAR AROMATIC HYDROCAREONS SURVEY
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STATION #1T:6naheim Hay At Warner Avenue

COLLECTION DATE 31 July 1984

RESULTDinGs/G TOD) Rep #1 Rep #2 Rep #3 Mear 1 5.0,
Indane ] <R20 < 484 <489 X
n—Fropylbhenzene <1860 342 217 E
iso—-FPropylbénzene 240 <51E « 32 #
Tetramethylbenzene : <240 Sh L3256 E
Maphthalene <214 <332 g1 1%
Ci-Naphthalenes (2) <318 <220 L1463 X
CZ2—-Naphthalenes (&) L ARS <441 <244 %
Ci~-Naphthalenes (2 — I {341 <2445 S
Biphenvl , . <318 <220 C1563 ®
Afcenaphthylene LEig 220 <81 k4
Acenaphthene CAES <234 3
Fluprene <477 <350 21463 S
Fhenanthrenes 2875 2954 7110 P33T
Cl-Fhenanthrenes {4) g2 S 18 A 17462
C2-Fhenanthrenes (4) 1163 <185 3067 144b
CI-FPhenanthrenes{2) LA 4185 2021 FEZ
Anthiracene ‘ S 144 £92 428 L 211
Fluoranthens . 4902 {4712 127584 43%0
Fyrene R ) BLHEF 7852 12431 02
2,3 benzofluorene ' - 348 4386 1832 £44
Henz {(a)anthracenes - 1812 CZTOR R - FR3
Chrveene/Triphenviene 41851 42483 12275 G471
Benzofluoranthenes 13444 1287= FET7ER 14771
Henzol{elpyrene I730 33877 10745 302
Benzoia)pyrene 3497 2507 1G0O3E7 3332
Feryviene 1554 1299 7324 @2
9,10—diphenylanthracene 78 <118 <78 ¥
Dibenz (a,h)anthracene 855 227 7=88 1009
Benzod{g.,h.i)perviene 3109 413535 10037 739
TOTAL DETECTAHLE FAHs 47502 48807 132889 TARRG 48924

EES PSS PP RS EET ISR TSI EISFEIIIETILET IS SIS LTSS
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STATION C #14:pnaheim an At The Facitic Coast Highway Bridgs
COLLECTION DATE a1 July 19848 :

RESULTS (inG/G TOO) i Rep #1

Iindane <4351

n—Fropylbenzene : L2859

iso-Fropylbenzene L4351

Tetramethylbenzene <4351

NMaphthalene < 300

Ci—-Naphthalenes{2) <14ail

E2-Maphthalenes (&) 361

CE-Maphthalenes(2) ' 43561

Biphenyl c <181

Acenaphthyl ene <181

Acenaphthene CS271

Fluorene o <181

Fhenanthrene : 11315

Cli-Phenanthrenes (3) £171

CZ—-Fhenanthrenes{4) : 171

b;—Hhenanthrenes{*} : <171 ]

Anthracene . L84 = y

Flugranthenp .- . 18629 ITEE . :
Pyvrane ‘ R = 2017 = =4
2;3-benzoflucrene : : <174 - LE3E0 < RTE L2848 S A
R=n:falnnthFBCﬂne ‘ &946 . 984 1008 Bad 15T
Chrysene/Triphenylense 1479 12=8 1833 1517 292
RBenzofluoranthenes : 2457 2495 =114 4589 bids
Benzoielpyrene ' 1364 1747 1103 1505 F24
Benzo(a)pyrene © 1182 1223 L30E 2354 AR
Ferylene 537 - F49 401 4452 155
@, 10-diphenvlanthracene <1 <e1 < 100 74 E S
Dibenz fa,hlanthracene <175 LA7S <100 A 1 E4
Benzdi{g:h,iipervylens 364 1048 1403 g05 - EET
TOTAL DETECTARBLE PAHs 15750 12300 18124 153722 =F2e

#****i***#i*********#****X***i*******ﬂ*******#***ii*#*#*ﬁii**#*i#iiﬁﬁiﬁi
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SWREB POLYNUCLEAR AROMATIC HYDROCARBONS SURVEY

ERARKE R AREK KKK KR KKK AR KK KERRRI LA EMERKARMENKR KR RRUME R AR ERKHINK L

STATION #15:Rhine Channel-Crows Nest In Newport Beach
COLLECTION DATE 19 June 1984

RESULTS (GG TAC) “Rep #1 Rep #2 Rep #3 Mean 1 5.0,
Indane ' i 4934 2 13%41 &R <788 ¥
n-Fropylbenzene S 46539 <888 <45R Hé0 Ed
iso-Fropylbhenzene L 934 <888 <433 LTRZ X
Tetramethvlbenzene S N34 - 88a AT . w832 ¥
Maphthalene : LHE2 - 2900 AH77 LTI 144
Ci-Naphthalenes {2} CAER20 LEARE 238 *
C2~Naphthal enes (&) 4P {574 < IR %
Ci-Naphthalenes{3) . LI <534 358 ¥
Biphenvl : 4320 4394 <238 £ 4
Acshaphthyvlene CEED - 198 <119 k4
Acenaphthene - <480 <594 <358 &
Fiuorene < A30 <394 <238 &
Fhenanthrene 4544 1424 5240 1383
E1-FPhnenanthrenes{4) B <114 FTA ATE
C2~Phenanthrenes (4) 2193 <11é 281 a2z
Ci~Fhenanthrenes{(2) L1935 <114 187 -
Anthracenes ' - LE90 “11é 749 - 27
Fluoranthene . TERAG Z480 FOTE 2844
FPyrene 11523 =500 13039 , _ 4271
Zs Z—benzofluorene &&22 10461 4350 4191 2844
BRenz {a)anthracene a079 95 FTOR AHFTE FEE3
Chrvaene/Triphenvlene 103EEL 48249 124894 QURE Rt e
Benzofluoranthenes 454738 22130 54738 41103 14744
Benzoielpyrene PII3 4287 109248 gIzg IEWL
Benzolalpyrene 11920 4997 14797 10571 SO037
Fervlene ) Zi04 _ PeH EGVO 246F1 1528
?:10=diphenvianthracene <124 < P43 120 <129 %
Dibenz {a.n) anthracene 3849 1285 34892 IETS 1774
Benroig,h,iiperviene g692 - F998 10344 TATS TE93
TOTAL DETECTADLE PAH= . 132177 STO3Q 1346385 1153200 D18GE
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SWRCE FOLYNUCLEAR ARCMATIL HYDROCAREBOMS SURVEY
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STATION #16:Newport Eackbay

(V) IV IR W

COLLECTION DATE 19 June 198646

RESILTS{nG/G6 T4AC) Rep #1 Rep #2 Rep $#3 Mean 1 3.0,
Indane <1193 L3647 <6148 <1817 *
n—Prepylbenzene - 4g2s £17a% gct=3 N 987 %
iso—~Fropvlhenzene L <1193 <271 <47G <1448 #
Tetramethvlibenzene : 1193 <2713 <439 41448 S
Naphthalene <802 =g112 ZHYRZ 28432 28551
Ci—-Naphthalenes{(2) <488 <817 2SS SR X
CZ2-MNaphthalenesib} “F7h 14634 <atl C 104G £
C3—Naphthalenges (2) _ SP74H 41434 <511 1040 £
Biphenyl B <488 @17 <255 520 %
Acenaphthvlene . <488 - 4817 <255 CT20 .
Acenaphthene ' ' 732 <1434 <511 <59 3
Fluarene - <488 12248 < 38T LAY x
Fhenanthirene ' £ A0 A=t 1094 G447
Cli—-Phenanthrenes (4} . T30 LRSS <243 ¥
CZ-Phenanthrenes (4) 301 <3ES <24 %
CEZ~Phenanthrenes{2) <3OL IS S %
ARthracene - ' COR1E0 To4178 <122 - K
Fluoranthene = : - 451 1599 27E 1615 1173
Pyrene - | - Te v 1290 2519 4105 =a70
2, 3~henzofluorena ) <HReT LHET . =877 S0 : ¥
Benz (& anthracene , _ 468 G733 7E448 2BLE zg82
Chryvsene/Triphenvlene 1170 1434 S EEaL 278 AT 4
Benzrofluoranthenes ' 10529 © 7248 a&e9% agz 1544
Benzoielpyrene 1053 1990 2380 1792 ST
Benzgl{alpyrens 2707 1990 2465 TO54 127

Farvliene ) &HOZ <182 235 224 24

?,10-diphenylanthracere 4150 <142 P40 311 45

Dibhenz{a,h)anthracenes <130 €182 A5G 2291 a71

Benzd{g,h,ilperylens 1654 2274 T055 2328 760

TOTAL DETECTARLE PAHs 21341 74510 TFRATT 58829 . AT s

ARKEKE KKK KKK RRRR KRR K KRR KRR KRR KR KR KRR KA KRR KKK KRR KRR KRR KK KK E KA K
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SWRCR FOLYNUCLEAR AROMATIC HYDROCARBONG SURVEY
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STATION #17:2anta Ana River

COLLECTION DATE as July 1985

RESUL TS (nG/G TGC) _ ‘Rep #1 Rep #2 Rep #3 Mean 1 2.D.
Indane 7 <1071 w2157 £FHE4 . 21404 ¥
n-Fropvlbenzene : £714 £1373 - {&Sé 214 %
isp=Fropylbenzene ' <1071 21357 <934 <1404 ES
Tetramethylbenzene - ' £1071 SR157 LFE4 0 21404 S
Maphthal ene : ‘ w732 #1382 CHES “wF17 #
Ci-Naphthalenes{(2) <4&7 CT774 w4472 LEAD *
Ci-Maphthalenes(b) <700 “1164 <R84 <714 &
CE-Naphthalenes{(2) ' S F00 <1164 < Raa4s L E91E K
Biphenyl “ALT7 L7TE <442 < Se2 4
Acenaphthylene CRES <588 <442 SR %
Acenaphthene ' <700 <1144 “haaE <842 E 3
Fluorene L4867 {774 <447 C562 R
Fhenanthrene ' F444 1181 . 2E89 2411 1152
Cl-Phrenanthrenes (4) <385 CEY0 4370 < 4448 E
C2-Phenanthrenes (4} ' CoRTol < BP0 S ETO £11%4 11732
Cr—Phenanthrenes {(2) QA <ER0 L3370 a4 269
anthracene w192 . 4295 < 185 <SP 3
Flumranthene 5773 5313 433 STA&T jatehed
Pyrena _ - 7287 S3a1 S046  S898 1213
2,F-penzofluorene <429 EEL L E0A RO &1 ¥
Benz {a)anthracens _ 3000 2297 2141 L2479 458
Chrysene/Triphenylense 4929 C 4084 4129 1781 BT
Benzofluoranthenes 12978 14148 13639 14042 1535
Eenzoie:pyrene . 3244 IE3E4 IZ84 I2R7 45
Benzoi{alpyrens z244 F5E4 SF05 4094 1354
Ferviene : 2028 194% 2074 2018 et
2, 10—diphenvl anthracene w203 S 278 <173 <218 E
Dibenzi{a.h)anthracene H08 <278 <173 253 227
Renzal(g,hn,ipervlene 2839 2778 2746 2734 zz
TOTAL DRETECTABLE FAHs SZ28T7 4R795 47748 483139 45473

KKK KKK KKK AN KKK KR KRR A KR KA KRR KRR KRR KA KKK AR A KRR KR E KK AR AARRKAK
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SWREE FOLYNUOCLEAR AROMATIC HYDROCARBONS SURVEY
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STATION #18:Dana Point Marina

COLLECTIGN DATE 08 May 1986

RESULTS (nkG/G TOOC) Rep #1 Rep #2 Fep #3 Mean 1 3.0.
Indane L2925 446248 <1504 £
ri—Fropylbenzene . £1981 43304 % 285 3
isa—-Fraopylbhenzens S 22453 - 4624 o 1239 4
Tetramethvlibenzene - L2453 L EILT CIZET K
Naphthalene . <1972 3283 <921 ES
Cil-HNaphthalenes{2) SP01 <1731 <481 S
CZ—Maphthalenes (&) . <133 2770 LR&2 %
Ci~MNaphthalenes{(2) <1351 LRF70 LRA2 X
Riphenvi , : 901 <1731 <481 <1038 L3
Acenaphthvlenes _ <h7h L10ES <E21 <H7? £
Acenaphthene . < 1EET L2424 802 T1GZE4S 3
Fluoresne . <901 <1731 <6832 51091 %
Phenanthrenes zeggs 7720 CE92 CORTOO E71a4
Ci—FPhenanthrenes {4} - L4487 11065 LHIZ . 59468 L GIEX
C2-Fhenanthrenes(4) _ 7391 11065 SE92 . AZAR :
CH-Phenanthrenes{(2) 5189 5147 {392 3E7&
Anthracens 1101 <E1E <1E1 St
Fluoranthene 774 EELE 11746 27 AE

Pyrene ' 3713 [079 1339 4377

2, S3-bhenzofluorene - &d4s - £14483 <437 B = ek

Benz (a)anthracene , I Ruty 1154 24 . . g@52
Chrysene/Triphenylene 2098 2885 1217 2047
Benzofluoranthenes 2491 9241 3108 5013
Benzo(e)pyrene ) 14645 1240 07 1504
Henzol{alpyrene . 20973 1960 1164 1740

Fervliene 2542 17460 1425 1974
Zyi0-diphenyl anthracene 299 LR=T-18) <130 L RS0 o E S
Dibenz (a;hlranthracene 1495 <8B40 {259 a5 &aig
Benzao{g,h,ilperyiene . . 149% 1680 10386 - 1404 E52
TOTAL DETECTAERLE PAMHs 45792 L7241 11617 1557 - PROLE

KRR R KK KKK KKK UK I E A KKK IR KRR RAEERRRR KK AR R KKK AR KKK R KA KRR RN R KKK
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SWRCE FOLYNUCLEAR AROMATIC HYDROCAREBONS SURVEY
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STATION
COLLECTION DATE

23 Jduly 198&

#19:8an Mateo Ft.- Reference Survey Station RG240

RESULTS (nG/G TOQC)

Indane
n—Fropylbenzenes
isp—FPropylbenzeéene
Tetramethylhenzene
Naphthalene
Ci-Naphthalenes (2)
L2-Naphthalenes{&)
Co3—-Maphthalenes{d)
Biphenyl
Acenaphthylene
Acenaphthene .
Fluorene
Phenanthrene
El-Fhenanthrenes{4)
CZ2-Phenanthrenes(4)
Ei-Fhenanthrenes ()
Anthracene
Filuoranthene
Pvrene
2:3-benzofluaorene
Benz (a) anthracene

Chryvesene/Triphenvlene

Benzofluoranthenes
Benzotlelpyrene
Benzoialpyrene
Ferviene

9,10~diphenyl anthracene
Dibenz {a.,hlanthracene
Benzoci{g,h.i)pervlene

TATAL

DETECTABLE FAHs

Rep #1 Ren #2
<459 <849
S R&Y + 5bHd
L4529 <849
<453 <849
<333 o422

<1188 <335
<2F7H LATO
L2IT7S &70
<1188 <335
<1188 < AES
£1782 <503
1188 L T0TE
<287 16F4
<287 eoa
<287 F208
<287 3814
<143 <141
717 197%
I4H2 4754
<241 IR
<121 871
121 1742
a94 2hé2
254 420
256 280
312 360
41328 <1480
<128 <140
<128 140
2999 33024

Rep #3 Mean 1 5.0,
12462 <BR7 #
+87 <HOZ 3
1242 < 857 *
C1Z262 < B57 '
<914 LB 3
<445 CATE kS
<8790 <1512 *
£ @F0 1312 B
<445 LB ¥
L4450 ST ¥
< 5468 CFRL X
< A58 < 734 *
CRYZ 758 L
C2F2 1512 T Iiia
CEIT 2594 994
<292 S 1845 T 2034
<144 < 147F o
=84 1093 T
SO 1773 IETR
62 1314 1754
241 411 40T
723 g4a82 iz
122 1593 P40
<1354 271 1473
407 14 g1
&78 SE3 35
#1356 <135 *
i35 <135 *
T136 135 &
4457 13453 1&4RZ0

EE ST SRS E SIS EL LTRSS EC LIS LSRR RS ESEIETITSES LS
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SWRCE FOLYNUCLEAR AROMATIC HYDRDCAREBOMS SURVEY
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STATION 203:5an Diegeo Qutfall At Pt. Loma -

COLLECTION DATE I June 1986

RESULTS (nG/GE TQGC) Reo #1 Rep #2 Fep #3 Mean 1 8.D0.
Indane < A8 - 42388 <882 L1318 X
n—Fropylbenzene _ <411 <£149% | <588 <8%1 %
iso-Fropylbenzens . £&6BS 51493 Lagz? 1020 k3
Tetramethvibenzene &85 41940 < ganr T11469 %
NMaphthalene <429 <1443 <559 S21a *
Cl-Naphthalenes{(2) ' 18464 LA 2 4528 4994 *
C2-Naphthalenes (&) BT 27 < 1X27 L &5S < 1F0E *
Coi-Naphthalenes{2) L3727 <1327 § &EE S E 1903 * .
Righenyl _ <1864 <724 <32 1294 *
ﬁcenaphthylenp <1864 Lo5l L3288 9G4S LS
Acenaphthene _ <2795 L1061 L4491 <1449 ¥
Fluorene . 2795 A o2 T1T7FE E S
Fhenanthrene : - 992 ATEOD S4a 52T IE9
Cil-Fhenanthrenes {4) _ . WE9T $175 C27TE 282 ES
C2~-Phenanthrenes (4) 397 1S <2FF . <282 S
CE~Phenanthrenes {(2) CER7 . 4175 CRTE . <282 3
Anthracene : _— £198 | 4175 27 215 =1
Fluoranthene 1984 - 1399 1638 1674 z94
Pyrene 2632 1421 1934 1994 &08
Eq;—benLc+luorene . < Sh4 . <SER L2298 L4AT _ £
Benz {a)anthracene 1692 710 1191 1198 491
Chry:enefTrlphenvlene 2048 1243 1234 . 1749 447
Henzofluoranthenes : _ 4671 D447 141793 .. FAR7 . S8gv
Benzaoielpyrene J023 1418 SO0E 2481 P2
Benzo{a)pyrene 3847 1620 IoO3 EﬂES 1124
Ferylens 550 305 1092 AHB2 TaZ
2 1U—d1phenylanthracene W27 <203 LE2TE R deixle] X
D1ben¢la hlanthracene w275 w405 L2735 PR = ¥
Benzolg,h,ilpervlene 2198 1013 1638 . 1414 SRA
TOTAL DETECTABLE FAHs . 25b6T6 22472 0454 222&% 2PV

LSS RS LSS EE SR ER NSRS RS ESE LSS TSI TSI IEL SRS LTS
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SWRCE FOLYNUCLEAR AROMATIC HYDROCARRONS SURVEY
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STATION #Z1:North S8an Diego Bay

COLLECTION DATE 01 July 1984

REGIH.- TS (nG/G TOC) Rep #1 Rep #Z Rep #3 Mean 1 8.D.
Indane <1212 21273 L2273 LaZES *
n—-Fropylbenzene A e 1 14182 L1515 L E43T4 K
iso-Propylhenzene : P07 <P127% LR2TE <a152 K
Tetramethvlbenzene 0P 421273 L2273 8152 £
Naphthalene CETS {569 1479 LR74 *
Cl-Naphthalenesi{Z) _ — 348 <779 <857 G551 ¥
CZ2-Naphthalenesi{s} CEFT <1558 D Y L RN E 4
CT—-Naphthalenes (2) - <1558 L 875 4 1030 %
Biphenyl <348 {779 EE5T B4l X
Acenaphthylene <348 £779 €278 <448 X
Acenaphthene <H9T7 <1168 <835 < QG0 %
Fluorene ' CH23 <1168 LEET L2747 X
Fhenanthrene - _ 7385 I 4249 6993 TELG
Cl-Phenanthrengs{d) : go5s7 B568 < 354 4327
C2—FPhenanthrenes (4) 10071 10461 71z o 70a1
Ci-Fhenanthrenes(2) 4848 g1a7 < EEA HATS
anthracens 117 S 1137 Soéh 289
Fluoranthene =~ 11749 16146 8541 12085

Fvrene - - 18359 18951 g4E13 15208

2, 3—benzofluorene 4822 5034 FEY 3612

Eenz (a)anthracene 10570 2465 2398 7311
Chryzene/Triphenvlens 22479 27585 SF7E2 17925
Benzm%lumranthehes 48803 4953 A40534 H£3450 _
Henzo{e)pyrens 17520 22214 824 16087 AFEE
Benzoi{alpyrene _ 17520 2E410 F742 146891 L8845
Pervisne 475 021l 2088 4591 2195
F,10—diphenvlianthracene <183 L2379 <174 L1899 ¥
Dibenz {ashlanthracene ) T 4380 <239 1218 1944 2144
Benzai{g,h.ilperylene 10585 17833 =741 10040 4082
TOTAL DETECTABLE PAHs 223778 2ET123 102967 197289 24241
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SWRCR POLYNUCLEAR AROMATIC HYDROCAREBONS SURVEY
ES S ES ST SRS ST ELS TSRS E RS E LTSS SIS 2SR SR RS

STATION #2721 NASSCO-San Diego Ray

COLLECTION DATE 01 July 19886

RESULTS(nG/G TOAd) _ Rep #1 Rep #2 Rep #35 Mean I 5.0
Indane <1014 CHELO <5140 %
n—-Fronvlibenzene ' G749 L4350 205 S
iso—Fropvylbenzene <1016 < H450 <441% ¥
Tetramethylbenzene L LR09 < S450 <L 3AB7 £
Naphthalene 1927 L4366 42929 1224
Ci-Naphthalenes{2) <&24 RS <824 3
CZ2-Naphthalenes (b) . <R338 <1386 <1441 . &
C3-Naphthalenes{2) <838 < 13584 1441 £
Hiphenvyl - ) TS24 P24 <824 ks
Acenaphthylene L : $E14 161é4 £H18 581
Acenaphthene I L1386 <1441 K.
Fluorene : ' S 82 £924 <1030 Lk
Fhenanthrene &H414 IZ245 ATAD 27
Cl-Fhenanthrenes (4} D064 FIED 2121

C2-FPhenanthrenes (4} I292 2948 - 33533

Ci-FPhenanthrenes (2) S EETD 1347 2121

Anthracene : - 2E6E 5934 2727

Fluoranthene : 20931 . 48164 15300

Fyrene . 482478 L E7100 102243 £
2:5~henzofluorene . FoTos L 1A 10009 41743
Benr{alanthracens 12995 L RR299R 12012 RTALT
Chrvsene/Triphenylensg 24434 L4418 22838 TZAF4
Benzofluaranthenes 70041 134975 ITETD . IRS02
Henzo(2)pyrene 26828 T2910 4T258 7
Benzo(a)pyrene ZEFR0 ATERE SASOZ 5771
Farvliene o PS44I JRin 123849 SR
Pilo-diphenvyianthracene . <180 CARR2 310 kS
Dibanz (a,hianthracene AT 222 2481 2EAT
Henzofg,h.1 iperviena 18344 23482 1009 AZAG
TOTALL DETECTARLE FPAH= , Z0LE04 447871 42464685 AO0ET R4745

EEEX 2SS 2SS SPE RSS2 F LSRR RIS SRR TRESS LSS SRR
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SURVEY

3************&X*i**#******#*#*##*##**#****#*X******#*#****#*****#*#**i**

STATION #23:Chollas Creek—San Diego Ray
COLLECTION DATE Gl July 1985 '
RESULTS (nB/6 TOD) Rep #1 FRen #2 Hep #3
Indane L5341 T133E3 974
n—-Fropylhenzene Sgints) < R48 <584
iso-Fropylbenzene 341 21091 I74
Tetramethylbenzene L7685 <1091 779
NMaphthalesne 1307 1304 <475
Cl-Naphthalenes {2} <228 <335 347
C2—-Naphthal enes {4l <455 LAHT0 L hHFG
CE-Naphthalenes (2) <455 LT L4
Binhenvl <228 < 447 <547
dcenaphthylene 152 A70 €231
Scenaphthene wA7TT LATO LE78
Fluorene w304 447 L 4AF
Fhenanthrens - 2483 12073 g = )
Ci-Fhenanthrenes{(4) 2556 =887 5E87
CZ-FPhenanthrenes {4} 3100 St A011
Li~Fhenanthrenes (2) 1348 4989 3542
Anthracene 2371 2993 2791
Fiudranthens 12218 20853 19212
Fyrens 21091 54034 49242
- 2, 3-benzofluorens 3561 2172 11274
Benz {a) anthracens B4HGE 16381 15784
Chrvsene/Triphenylene 2Eg14 IZETS SETES
Eenzofluoranthenes 117047 88525 105411
Benzoislovrene 26517 3087 TH1Z21
Renroialpvyrene B013E7 ZB064 4173948
Fervlene 1114 = FELT
?,10~diphenvlanthracene £70 221 {11
Dibensz {a,h)anthracene <139 2434 g7944
Benzol{gih,ilperviens 12110 21134 22017
TOTAL DETECTABLE FPAHSs 27EI0T SoE5E6 T8zZ921

Mean 1 5.0,
<1083 #
L&ETE ¥
£ 1002 S
“R78 &
1062 422
CEOT %
S ATA ®
%

Z7E

DT *
= A05 S
10513 1374
BT 1224
S85E 1535
TEOO 1827
2718 R
17428 4%34
41445 LTROD
8954 4549
12284 LHEET
TOHTS 172
1OR7EE I SRR
F1w08 4904
SHeEE3E 5734
EFLT Si=1
135 TE
I3E7 3=68
184271 487
TTASaS SATIET

KERKEXAKKKEERR K I RERKEKIKE KK RRRKRKRKE A KRR MR AR KRR E AR RURREKERA AR L HRK
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************#*X***X**#X*#**&*****###*****#i*#*#X*#*#****i#*#*******&t***
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TEZ4
o762
2920
11140
gERO7FE
4834
F7OL
12434

135724

29593

Rl =

? ._\ _{
150

T
S5

19457

18054
21177
187421
ST T
4457248
12473
144

STATION 7 #24:5an Diego Harbor At ?th Street
COLLECTION DATE 01 July 1984
RESULTS(nG/G TOC) Rep #1 Rep #2
Indane 4434 L2489
n—-Fropylbhenzenes TER2I <1502
iso-~-Fropvlbhenzene LATT <1805
Tetramethvlbenzene < AST7 1374
Maphthalene 1230 <1482
Ci-Naphthalenes (2} <132 LH22
EZ-Naphthalenesi{s) 1185 £ 1089
Coi~-Namhthalenes (2) 2172 < 1089
Biphenyl <132 L7000
Acenaphthvlensa TE4 L A4T
Acenaphthens <197 21089
Fluorene - o S B ie) <77R
Fhenanthrene 4528 7547
Cl-Phenanthrenes{i) 792 . T
C2~Fhenanthrenes (4) 4E24 2EIZ
C3-PhHenanthrenes (2) 891 13055
Anthracens 714 F016
Fluaranthene 7T 149146
Fyurene Iéqﬁiﬂ Ny erirg
- 2.3~henzofluorene 477224 37411
Benz {a)anthracene 28862 15804
ChrysenesTriphenylene 22744 28352
Renzoflunranthenes FTESLS 192912
Henzaoielgpvrens S2584A i R
Renzoialpyrene STO37 49418
Pervlene 146567 C1T43
2, 10~diphenylanthracene gz LROTO
Dibhenz {a,h)anthracene &T47 10929=
Benzol{g.h,i)pervliene 1156 21448
TOTAL DETECTABLE FAMs HF4554 SBIET0

5

e O .
Nl VR PV S

*#******#****K*****K****************t***************i#*****#***#*ii*#iii
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