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INTRODUCTION

This report presents the soil testing results for polynuclear aromatic
hydrocarbons (PAH), cyanide, and physical observations obtained during
the Phase I Supplementary Soils Testing at Gas Works Park in Seattle, Washing-
ton (Tetra Tech 1985a). Tetra Tech, Inc., and its subcontractor Hokkaido
Drilling & Developing Inc., obtained 251 surface soil samples and 6 tar
samples from the Park property. Sampling was conducted from March 15 through
March 22, 1985. Of these samples, soils from 34 sites located throughout
the park plus additional replicate samples for quality assurance were analyzed
under funds allocated to the Phase I effort. The remaining samples were
retained in frozen storage for testing originally scheduled under a Phase
II effort. These analyses will now be conducted only if the City should
identify the need for further data on surface soils of the park.

BACKGROUND

The sampling activities and soil testing summarized in this report were
conducted in response to the City of Seattle's desire to supplement the
earlier findings of the U.S. Environmental Protection Agency (EPA) and
the University of Washington. During 1983 and 1984, government and university
investigators initiated sampling for toxic materials in offshore sediments,
and surface and subsurface soils. As a result of health concerns related
to'benzo(a)pyrene and other contaminants, Mayor Charles Royer temporar-
ily closed the park on April 21, 1984, until further analyses could be
made. The Mayor established a Health Advisory Committee and subsequent-
1y reopened portions of the park deemed to be safe by the Committee. The
Committee and the Mayor recommended that it would be prudent to conduct
additional testing and investigations of the site. The surface soil sampling
was conducted in order to meet these additional testing requirements.

The Phase I project included as part of its scope of services the development
of a plan for investigating groundwater quality at the Park. This plan
was submitted to the Parks Department on April 24, 1985 (Tetra Tech 1985b)
and is under consideration for eventual Phase II implementation.
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o Establish a randomly positioned, evenl ced sampling

o
campie

o Obtain additional surface soil samples to estimate the extent
of "hot-spot” areas identified by previous investigators

a Follow quality a§§§?§a§§§§§é§*i§ control and safety plans
to assure safe, effective program execution.

A total of 2385 samplies plus 16 replicate samples were collected from
23% stations located within the park boundries. Of these stations, 183
were located on intersections of a regular, triangular grid system. An
additional 5 sampling sites were Jocated at midpoints between intersec-
tions of the grid to ensure sampling of 2 ravine in the park. The grid

had a station-to-station distance of 70 ft and was oriented so that Tines
and stations are parallel to latitude and longitude 1ines defined by Cit

of Seattle Department of Engineering topographic maps for Sectiens 19 and
: ¥y, & total of 47 sampling sites were selected b E@gaééﬁg up
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Sample collection and delivery were conducted in accordance with chain-of-
custody procedures prescribed by the National Enforcement Investigations
Center (U.S. EPA 1978).

SOIL TESTING

Under the limitations of the Gas Works Park Phase I analytical program,
soils from 34 of the 235 sampling sites were submitted for determination
of polynuclear aromatic hydrocarbons (PAH) concentrations. An additional
4 replicate soil samples and a certified reference standard were submitted
to the laboratory as part of the quality assurance (QA) program. These
QA samples included:

o Laboratory duplicate samples prepared from soils homogenized
in the field and submitted for 2 of the 34 sites to assess
laboratory precision

o} Field duplicate samples submitted for the same 2 sites to
assess sampling plus analytical variability at each site

0 A certified reference standard of urban dust available from

the U.S. National Bureau of Standards to assess the accuracy
of the PAH results.

The laboratory mistakenly analyzed all the provided QA soil samples
in duplicate resulting in the reporting of data for multiple replicates
at each of the 2 sites used for QA analysis. These additional data were
used to provide a better measure of the variability associated with the
sampling and analyses than had been originally planned.

ANALYTICAL METHODS

Sample Preparation

Aliquots of Gas Works Park soil samples and QA samples were analyzed
for PAH in March-April 1985 by California Analytical Laboratories under
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Instrumental Analysis

A1l sample extracts were analyzed for PAH by reverse-phase HPLC with
both ultraviolet (UV) and fluorescence detection according to EPA Method
610/8310. Aromatic hydrocarbons quantified by UV detection included naph-
thalene, acenaphthylene, acenaphthene, fluorene, phenanthrene, anthracene,
and chrysene. Compounds quantified by fluorescence detection included
fluoranthene, pyrene, benzo(a)anthracene, benzo(b)fluoranthene, benzo(k)-
fluoranthene, benzo(a)pyrene, dibenzo(a,h)anthracene, benzo(g,h,i)perylene,
and indeno(1,2,3-cd)pyrene. Planned verifications of compound identities
by gas chromatography-mass spectroscopy in selected samples were not conducted
under the constraints of Phase I funding.

QUALITY ASSURANCE / QUALITY CONTROL

A11 data were generated in accordance with approved EPA quality assurance
procedures for laboratory analyses including the use of standard calibration
curves for instrumental analyses, replicate analyses, the analysis of a
certified standard reference material. Data were reviewed by the laboratory
before release and subjected to an independent QA review by Tetra Tech.
A1l data were checked for outliers, and a portion of the data reports (10
of the 44 data reports received) were verified back to original instrument
data sheets provided by the laboratory.

Calculations

No major errors in transcription of data from original data sheets
were encountered during QA review. Final dry weight data values referenced
to standard calibrations and areas integrated for each sample peak were
automatically calculated by computer in one step on the original data sheets.
Minimum detection limits attained for each compound were as specified (i.e.,
0.1 ug/kg dry weight or less). Samples with residual interferences, or
samples requiring dilution because of high concentrations of some PAH,
necessitated elevation of the minimum detection limits by either one or
two orders of magnitude. This adjustment was appropriate based on review
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TABLE 1. SUMMARY OF ACCURACY DATA

Amount NBS LC2 NBS

Recovered Results Certified Percent
Compound (mg/kg) (mg/kg) (mg/kg) Recovery
Low Molecular Weight PAH
Naphthalene u17 NR NR --
Acenaphthylene u17 NR NR --
Acenaphthene u3s NR NR --
Fluorene 3.7 NR NR --
Phenanthrene 4.5 4.5 NR 100
Anthracene 0.34 NR NR --

High Molecular Weight PAH

Fluoranthene 7.0 6.9 7.1 101 [ 9910
Pyrene 10 6.2 NR 161
Benz(a)anthracene 2.8 2.6 2.6 108 [108]
Chrysene 3.3 3.6 NR 92
Benzo(b) fluoranthene 6.1 6.2 NR 98
Benzo(k)fluoranthene 2.0 2.0 NR 100
Benzo(a)pyrene 2.2 2.6 2.9 85 [ 76]
Dibenz(a,h)anthracene ue.7 0.41 NR --
Benzo(g,h,i)perylene 11 4.6 4.5 239 [244]
Indeno(1,2,3-cd)pyrene 5.2 3.5 3.3 149 [158]

a Average of two National Bureau of Standards liquid chromatography
methods provided with the standard reference material Urban Dust (Reference
No. 1649).

b Values in brackets are the recovery values based on NBS certified
values for the reference material.

U  Undetected at the detection 1imit shown.
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A - C-27 J-14 C-27 J-14
Lompoung in= 3;@ in = 4; {n=86) {n = &}
Low Molecular Weight PAH

Naphthalene Ul + 0% uyi0 + 0% <l.1 + 22% W10 = 0%

Acenaphthyiene Ul + 0% UY10 = 0% Ul = 0% Ul0 z 0%

Acenaphthene U2 =+ py uv20 2 0% Y2 £+ 0% u20 = 0%

Fluorene 0.2 + 0% 3.7 £55% 0.4 £ 110% 3.3 £ 52%

Phenanthrens 8.9 = 30% 23 % 36% 1.8 £ 1802 18 = 3%5%

Anthracene 0.1 £ 382 3.5 % 32% 0.2 £ 150% 2.8 = 50%

High Molecular YWeight PAH

Fluoranthene 1.6 £ 383 40 = 49% 2.2 £ 110% 32 + 63%

ryrene 2.6 & 35% 67 + 42% 3.4+ 99% 54 % 54%

Benz(a)anthracene 0.8 = a0% 19 = 32% 1.0 £ 90% 15 % 53%

Chrysene 1.1 #3583 24 % 34% 1.3+ 86% 20 = 46%

Benzo(b)} fluoranthense 6.9 = 33% 16 + 28% i.1 % 73% 13 % 41%

Benzo(k)fluoranthene 0.4 £ 315 8.2 2 29% 0.5 2 71% 6.6 & 47%

Benzo{ajpyrene 1.0 £30% 22 2 28% 1.3+ 80% 18 2423

Dibenz(a,h)anthracene 4+ 0% U4 = 0% B4+ 0% U4 2 0%

Benzo{g,h,i)perylene 1.8 & 29% 24 % 20% 1.9 % 55% 20 £ 33%

indeno(1,2, 3-cd)pyrene 1.3 + 23% 20 = 27% 1.6 =+ 84F% 17 =+ 38%

a Precision data are ?%ﬁ@?§§§ in ug/kg {dry weight} % the cgefficient
of variation (i.e., relative percent standard é%??éié@ﬁ; of the measure-
ment. The number of replicate é@é%g@@@ {n}) used in each determination
is indicated for the two grid sites C-27 and J-14.

o One of a set of four analytical repiicates for site [-27 was exciuded
because consistently high ?é%ﬁ@% %@?@ reported relative to the other
three replicates. The data are believed to reflect environmental

variability in the levels of PAH because @5 %yﬁ@ggﬁgggg sampling
of the sgil aliquot anal §z§§ rat %gf than §3§@f3§§@§ anal iytical vari-
abilit ‘ : i immary of
repl it Yithout
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level per component. Soil from the second site contained much higher PAH
concentrations ranging from 10 to 100 mg/kg per component.

The precision of the analytical measurements was nearly identical
at each site (i.e., was independent of the actual level of contamination).
Determinations of analytical precision reported in Table 2 are based on
analyses of multiple aliquots of a single soil sample composited from each
site. Coefficients of variation (i.e., the percent relative standard deviation)
ranged from 20 to 55 percent at the two sites for compounds that were detected.
Sources of variability include subsampling variability as well as analytical
error. The range in total analytical variability is somewhat higher than
the 20 percent target in the QA plan, but is acceptable given the inhomogeneous
nature of the soils submitted for analysis.

The variability of replicate field analyses for each site was typically
greater than the analytical variability. Two separate soil composites
were collected at each of the two QA sites and multiple aliquots of each
composite were analyzed. Field sampling variability was estimated by deter-
mining the coefficient of variation for all replicates (i.e., a total of
6) analyzed from the two soil composites collected at each site. Sampling
variability ranged from 33 to 63 percent for detected compounds at grid
site J-14, Sampling variability ranged from 55 to 150 percent for detected
compounds at grid site C-27. The greater variability at grid site C-27
was associated with much lower PAH concentrations than at grid site J-14.
When the consistently high values of one of the six replicates from grid
site C-27 were excluded, the sampling variability at the two sites was
nearly identical.

TEST RESULTS

Polycyclic Aromatic Hydrocarbons (PAH)

The concentration of total PAH and benzo(a)pyrene for the 34 sites
analyzed are shown in Figure 1. A summary of data by individual PAH and
grid site is given in Table 3. Data are reported as mg/kg (ppm) dry weight
(i.e., corrections for the percent moisture in each sample have been made).



level per component. Soil from the second site contained much higher PAH
concentrations ranging from 10 to 100 mg/kg per component.

The precision of the analytica1 measurements was nearly identical
at each site (i.e., was independent of the actual level of contamination).
Determinations of analytical precision reported in Table 2 are based on
analyses of multiple aliquots of a single soil sample composited from each
site. Coefficients of variation (i.e., the percent relative standard deviation)
ranged from 20 to 55 percent at the two sites for compounds that were detected.
Sources of variability include subsampling variability as well as analytical
error, The range in total analytical variability is somewhat higher than
the 20 percent target in the QA plan, but is acceptable given the inhamogeneous
nature of the soils submitted for analysis.

The variability of replicate field analyses for each site was typically
greater than the analytical variability. Two separate soil composites
were collected at each of the two QA sites and multiple aliquots of each
composite were analyzed. Field sampling variability was estimated by deter-
mining the coefficient of variation for all replicates (i.e., a total of
6) analyzed from the two soil composites collected at each site. Sampling
variability ranged from 33 to 63 percent for detected compounds at grid
site J-14. Sampling variability ranged from 55 to 150 percent for detected
compounds at grid site C-27. The greater variability at grid site C-27
was associated with much lower PAH concentrations than at grid site J-14.
When the consistently high values of one of the six replicates from grid
site C-27 were excluded, the sampling variability at the two sites was
nearly identical.

TEST RESULTS

Polycyclic Aromatic Hydrocarbons (PAH)

The concentration of total PAH and benzo(a)pyrene for the 34 sites
analyzed are shown in Figure 1. A summary of data by individual PAH and
grid site is given in Table 3. Data are reported as mg/kg (ppm) dry weight
(i.e., corrections for the percent moisture in each sample have been made).



NS URKE

; o +
| |
' e } ; \

T A Teesr =

117.849°
108 26

B

NORTMLAKE WaAY

8“‘—9'——19—m' 11_‘.—_-150"'13'HA —

LA

~ . BOWRA St LA ST,

\L&»MA' e e T S, \‘}
' DALTIC VY & .g,————-wwﬁ-%sﬂ—: . = . —_——— ]
! N A A CE, sammas  ANT VY. ADD STEmmoD

8\5’ S NE MERIDIAN

PrIRMIEE.

e 3
TR

YrAn G
410 40

X

~

.<3'zo

Exhibi A
Tetrd Tech Surfoce Soil

Sampi mgfﬂ@m /?J ©85

* - GRID STATION

E—  LINE
D ©  CENTER FOR ADDITIONAL SAMPLING

<170 TOTAL PAH (mg/kg dry weight)

Benzo(a)pyrene (mg/kg dry weight)

SCALE: 1" = t 100°

L emem— @XET CONTOUME AT o FT -~ NTINNGLE.

10

RICHARD HAAG ASSOCIATESINC. |
R T BT o o e e 8
RA 8-se0e sares K 2 Al - ™o o8 y
" o CITY OF SEAITLE . 28 ITECT80 SRR . e
— — t:'Ewvuzmemucirt ';AQQ
1 il -—AEQD-‘EC 108 .2 L A K E u
e WORKS PARK~ y: N1 ON . .
e & R e :::m P Figure 1. 3ummary of ‘pab’ﬁychc aromatic hydrocarbons (PAH).
- : S . ata in Gas Works i :
- m e Ga Park surface soils (March 1985).
e frm e Su -4 et i




1

TABLE 3.

SUMMARY OF PAH DATA
(mg/kg dry weight)

Grid Site

Compound 86-00 B30-00 B36-00 C11-00 C27-00 C27-00a C27-10a (C27-10a C27-20a C27-20a C37-00  D8-00 D32-00 E17-00
naphthalene u 10 ui v1o U 0.1 U1 ul 1.6 U1l ul Ul ul1o0 u 0.1 u 10 ul
acenaphthylene ulo u1 u10 U 0.1 ul v1 v 1 Ul vl Ul u10 u 0.1 ulo ul
acenaphthene v 20 U2 u 20 U o0,2 U2 U2 v 2 U2 U2 U2 U 20 U 0.2 U 20 u?2
fluorene U 2 0.2 7.4 UV 0.02 UO.2 v 0.2 1.2 U 0.2 v 0.2 U 0.2 U 2 U 0.02 u 2 u 0.2
phenanthrene 4.4 1.4 32 0.033 0.67 1.2 7.4 0.84 0.36 0.39 7.5 0.0097 11 1.1
anthracene 0.64 0.18 3.9 0,002 0.068 0.15 0.88 0.11 0.045 0.047 2.0 U 0.002 2.3 0.14
fluoranthene 15 2.5 32 0.067 1.0 1.5 7.2 2.2 0.78 0.69 9.2 0.01 34 1.1
pyrene 28 4.5 49 0.090 1.7 2.6 10 3.5 1.4 1.1 12 v 0.02 56 1.8
benzo(a)anthracene 8.6 1.6 4.5 0.030 0.46 0.89 2.7 1.1 0.42 0.36 3.3 vo.m 15 0.53
chrysene 12 2.0 21 0.048 0.67 1.2 3.5 1.4 0.57 0.52 6.1 U 0.01 18 0.96
benzo(b )fluoranthene 10 1.6 12 0.047 0.60 0.91 2.5 1.2 0.58 0.49 3.0 0.0089 11 0.65
benzo(k )fluoranthene 4.7 0.7 5.9 0.022 0.27 0.43 1.1 0.52 0.24 0.24 1.3 U 0.005 5.4 0.30
benzo(a)pyrene 10 2.0 16 0.040 0.70 1.1 33 1.3 0.67 0.62 3.8 vo0.01 14 0.7%
dibenzo(a,h)anthracene U 4 Uo.4 u 4 Uuo.04 UO.4 Uo0.4 U 0.4 UO.4 Uo0.4 v 0.4 U 4 U 0.04 u 4 vo.a
benzo(g,h, 1 )perylene 16 2.9 21 0.1 1.2 2.1 3.9 2.1 1.3 1.0 3.3 vo.02 15 1.3
indeno(1,2,3-c,d)pyrene 13 2.5 16 0.074 1.0 1.3 3.5 1.6 0.95 0.95 3.6 U O0.01 13 1.1

Compound E25-00 F10-00 F16-00 F24-00 G19-00 G27-00 H10-00 H22-00 H32-00 113-00 121-00 129-00 J14-00 J14-00a
naphthalene v 10 Ul 1.0 v 1o v1 Uil u 10 Uil U1 u 10 U 10 U 10 u 10 u 10
acenaphthylene U 10 u1 U1 uUl1o ui u1 U 10 ul vl u10 u1o0 u 10 v 10 u10
acenaphthene U 200 T4 U2 v 20 v2 v2 u 20 U2 u2 U 20 U 20 U 20 U 20 U 20
fluorene 6.4 0.34 1.9 U 2 u-0.2 1.3 4.6 0.47 v 0.2 U 2.0 2.9 4.4 4.7 6.0
phenanthrene 15 0.56 1.8 5.2 0.16 1.2 12 0.92 0.70 4.1 14 35 21 31
anthracene 2.3 0.072 0.28 0.91 U 0.02 0.19 2.2 0.14 0.074 0.81 2.1 3.9 3.4 4.8
f luoranthene 20 1.2 4.7 1.9 0.53 1.8 22 1.6 1.1 10 19 44 27 47
pyrene 38 2.2 7.8 15 0.84 3.2 38 3.3 1.9 16 34 63 47 80
benzo(a)anthracene 12 0.66 2.0 4.8 0.2% 1.1 12 1.2 0.57 5.4 12 19 15 26
chrysene 14 0.87 2.6 5.9 0.37 1.2 15 1.5 0.79 7.1 15 22 17 a3
benzo(b )fluoranthene 13 0.88 2.3 4.5 0.34 1.3 11 1.5 0.53 6.4 11 15 12 19
benzo(k )f luoranthene 5.7 0.38 1.0 1.8 0.14 0.57 4.5 0.57 0.23 2.6 5.0 6.9 5.3 8.0
benzo(a)pyrene 18 1.1 2.9 6.2 0.33 1.3 13 1.9 0.59 7.1 15 19 16 27
dibenzo(a,h)anthracene U 4 uo.4 0,48 U 4 v 0.4 Uo.4 U 4 Vo.4 Vo.4 U 4 u 4 U 4 U s u 4
benzo(g,h,i)perylene 22 1.9 3.2 10 0.54 2.4 14 2.9 0.91 9.4 21 24 20 29
indeno(1,2,3-c,d)pyrene 19 1.4 2.6 8.0 0.43 1.3 14 2.8 1.2 9.1 15 18 15 25
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TABLE 3. {Continued)

Grid Site

Lozphund Bid-30p WSi4-30a JU4-200 JEI4-20e J32-DD  KIV-00 0 KII-00  L1Z2-08 L20-00  L28-00  HI0-00  ML7-00h M3L-00 H18.00
naphihalens A U] U 0 i 30 U0 (U (1] LU {1} (1 U 10 1] w8 W0 i1 1.3 U 10
scenaphthy fene W0 W 30 W 10 U oan (V1] W (] U 10 (LI 11 w3 U 10 110 U U1
ac@naphthend W2 U 20 b 20 i 260 U 260 i 20 i 20 i 20 uo20 20 W 20 U 20 U 20 Uy 20
¥ luorens o2 W2 W o2 W@ v 2 v 2 i 2 W o2 20 2.6 W 2 w2 1.6 o 2
phenanthrens 26 12 10 6.3 9.7 3.2 2.5 1 79 1.2 4 9.4 2.0 L5
antheacens 3.8 #a.l 1.7 [N ) 2.9 0.3 U 0.2 1.9 1O .21 2.8 1.6 0,36 .21
T Juorsnthens L] 22 1% Y3 42 4.4 4.6 2.0 (4] 1.9 57 24 b 2.8
pyrEhe JLey 41 kL] 28 ] 6.8 6.7 36 106 3.8 1060 41 B .5
benzo!a janthracens &3 12 B.0 6.0 13 1.2 &7 1l 29 1.1 k] 12 3.5 1.4
chryseny 8 By B3 B.6 16 2.8 3.3 14 29 L 27 16 4.2 1.8
benzo by Fabranthene it ¥4 9.0 6,7 1y 2.0 3.2 il 1Y 1.3 28 13 3.7 2.0
benzolk ¢ lubranthens 8.3 81 3.8 2.9 5,7 0.8 1.2 4.4 B0 0.59 13 5.4 i.7 0.79
beszod e ipyrone 28 pi:] k2 9.4 k4 2.4 3.3 13 23 1.6 35 16 4.7 1.9
dibenzofa,hlenthracene & 4 B 4 ¥ 4 U 4 ¥ 4 W o4 v o4 B9 o4 U 0.4 w4 u o4 J.uoou 4
benze{g, b, jpery ene 26 1% I8 ¥4 Vod 3.6 4,9 16 18 2.8 21 26 5.6 4,4
todenst 1,2, 8-¢ @ pyrens 23 i% Bk B 14 3.4 4.8 16 20 1.9 29 19 5.3 KR

Cospound M2H-08  PIY-00
naphthalens L1t 8 10
acenaphthy tene (1t T
acenaphihens W 20 B 20
f ludrene W 2 W 2
phengnthirens 5.4 15
anthracens 2.8 2.8
§ Yuor anthene 19 %
Dy rens 26 48
benes{a lanthracene 5.8 1l
chry Sene 7.8 §4
benze{s )f leor snthens 4.9 ke
besiilh I luoranthene %@% 5.5

il

banio|a Jpyréne 4 16

divenzola, h)anthracene 1 & 8§48

benzof{y,h, 1 Jpery lene 10 15
&

Indensd ), 2, 3-¢ ,d)pyrene 8.4 14

@ Replicate samples analyzed for grid sites C27 aad J34., Additional codes indicate: 00 » mwﬁgﬂmmﬂ sample;
10 = analytical replicate prepared from the seme soll composite as the -00 sasple; -20 = fleld replicate

propared from a separete composited setl at the same site. Wuw@ﬁcﬂmm samplie mimbers are reported
For sach tode because the Yaboratory misteakenly split end snalyzed each submitted QR sample In duplicate,

& Reported on a wet-weight basls. A other velues are oo dry-welght basis.

U= Undetected ot the detection Hinit shown,



Total PAH concentrations ranged from <0.6 to <460 mg/kg dry weight,
These totals represent the sum of concentrations for the 16 EPA priority
pollutant PAH and include detection limits for those compounds that were
not detected (indicated by a sum preceded by a "<" symbol). Naphthalene,
acenaphthalene, and acenaphthylene were undetected in most samples (Table
3). Higher molecular weight compounds, with the exception of dibenzo(a,h)-
anthracene, were detected in almost all samples. Benzo(a)pyrene concentrations
ranged from U 0.01 to 35 mg/kg dry weight (the U denotes undetected at
the lower range of concentrations). The maximum benzo(a)pyrene value detected
is comparable to benzo(a)pyrene concentrations in a reference soot sample
analyzed by the University of Washington (1984), and exceeds benzo(a)pyrene
concentrations analyzed in a National Bureau of Standards reference urban
dust sample by over a factor of 10 (Table 1). -

The range of PAH concentrations found in the surface 2 inches of Gas
Work Park soils is less than the range reported in past EPA studies of
soils composited over 6 inches and 3 feet (U.S. EPA 1984). The range of
benzo(a)pyrene concentrations is comparable to that reported in a study
of the surface 1 inch of Gas Work Park soils (University of Washington
1984). Benzo(a)pyrene concentrations in all but one sample exceed the
range of concentrations reported for Seattle Park reference areas (i.e.,
four Greenlake and Volunteer Park samples ranging from undetected at 0.005
ppm to detected at 0.036 ppm ; University of Washington 1984).

Cyanide

Historical EPA data (U.S. EPA 1984) indicated that cyanide concentrations
were elevated to several hundred ppm in 6 inch and 3 foot composite samples
collected near grid site H-22 (Figure 1). Cyanide data for 4 separate
surface samples collected at grid site H-22 are reported in Table 4. Cyanide
analyses were conducted by Am Test, Inc. under contract to Tetra Tech,
Inc. The maximum concentration found for these soils was 73 mg/kg dry
weight, of which 4.9 mg/kg was determined to be present as weak acid dissociable
cyanide,
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SUMMARY OF PHYSICAL OBSERVATIONS

The Phase I supplementary soils testing included a review of the park
history and physical observations at the park to assist in identifying
the potential locations of contaminants. The historical review included
analyses of photographs, reports, and interviews with individuals involved
with park construction. Previous geotechnical investigations conducted
in the park and recorded with the City Engineer were also extensively reviewed
and were summarized in the groundwater investigation plan (Tetra Tech 1985).
Physical observations i.n¢1uded photographs and comments entered by the
field samplers in the field Togbook .

HISTORICAL REVIEW

Aerial photographs of Brown's Point (Walker & Associates Inc. 1936,
1946, and 1960) taken prior to park construction were obtained and included
in the project file. The 1946 and 1960 photographs show the presence of
the American Tar fat_ﬂities in the northwest corner of the park (south
of the railroad right-of-way). Seventeen vertical tanks located inside
a bermed area were also present south of the playbarn (compressor plant)
and were probably part of the light 0oil plant. Al1l three p‘hotographs show
the presence of black, granular material in piles near the present location
of the prow (south of the oxygen generator towers).

~ An oblique aerial photograph (Figure 2) taken in 1970 (City of Seattle
Engineering Department, File No. 25862-1) shows the condition of the inactive
gas plant prior to the park development. The two fixed-roof tanks located
in the bermed area at the northwest corner of the park have been demolished
and the large floating-roof gas tank is partially demolished. The si ightly
elevated mound that formed the base for kite hill can also be seen in the
west portion of the site. The American Tar facilities are at their present
location north of the park.

Review of photographs (1973 - 1978) taken during and after park construc-
tion and on file at the Parks Department showed that a layer of black granular
material was placed in the kite hill mound prior to its compietion.
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Comparison of the present-day shoreline with that shown on a 1907
plat map supplied by the Seattle Engineering Department shows the amount
of lake shore filling that has occured during this century. This earlier
shoreline is shown on the site map accompanying the field operations plan
for the Phase II groundwater investigation (Tetra Tech 1985b).

An earlier report on the history of Gas Works Park (Richard 1983)
provides a summary of the park construction and background on the remaining
structures.

FIELD OBSERVATIONS

General observations of the park shoreline and interior were made
during the sampling program. Outcrops of solid slag materials were observed
in the vicinity of the shoreline, particularly under the prow structure
and west of the prow. Other outcropings were noted at the shoreline south
and southwest of kite hill and at several points along the eastern shoreline.
These observations confirm the extent of initial filling that has extended
the shoreline outward.

Some tar and oily residues have also been observed at the foundations
and bases of various retained plant equipment. These structures include
the oxygen generator and scrubber towers (enclosed in a fence) in the center
of the park, precipitators (southwest corner of the playbarn) and other
towers in the park area. Some of these materials were removed during the
recent cleanup and painting of the playbarn interior.

- Tar was also observed seeping up through the asphalt sidewalk in the
northwest section of the park, south of the railroad right-of-way. This
area is the general vicinity of the old tar plant originally located on
the site. The city has attempted to pave (seal) some of the larger seeps
(5 or 6 inches in diameter). However, they continue to penetrate the asphalt,
particularly during the warmer months.
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TABLE 5.

FIELD LOGBOOK OBSERVATIONS

Grid Site Observation
B12 mostly slag in sample
B28 pieces of asphalt (probably from sidewalk)
c7 mostly slag in sample
D28 pieces of slag in sample
F22 large lump of coal material removed from sample
H9 large piece of slag observed
123 organic odor noted at this location
J32 damp, surface seep
K35-01 surface seep

M29-01, M29-02

sawdust in samples

19
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RECOMMENDATIONS FOR CONTINUED MONITORING

Soil samples fram the remaining 148 untested grid sites may be analyzed
for PAH content during a subsequent project phase (Phase II). There are
several alternatives for prioritizing the sample analysis:

1. Test samples where slag or dark-colored soils were observed
(Tables 5 and 6): 21 samples (plus a minimum of 5 percent
replicate QA samples)

2. Test samples obtained from surfaces that are at or below
the original site elevation of the gas plant (e.g. not covered
by new fill material): approximately 70 samples (plus
a minimun of 5 percent replicate QA samples)

3. Test samples obtained from high-density public-use areas
(as suggested by EPA reviewers). These areas can be identified
by inspecting aerial visual or infrared photographs obtained
during peak-use days: approximately 100 samples (plus a
minimum of 5 percent replicate QA samples)

4, Test all samples held in archive: 213 samples (includes
the remaining 12 replicate QA samples collected).

Each option represents an increase in the initial number of samples
tested (and testing costs). The third option is recommended since it is
based, in part, on the original objective of the supplementary soils testing
program: protection of public health. It would also include a majority
of the samples included in the first two options. The analysis of at least
duplicate standard reference samples (i.e., NBS Urban Dust) is also recommended
to establish the accuracy and comparability of the analyses.

Once a baseline for park soil contamination is established, long term
monitoring should focus on three key areas in the park:
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