UNITED STATES STFEL, LORAIN, OHIO, WORKS, BLACK - RIVER SURVEY:

ANALYSIS FOR HEXANE ORGANIC EXTRACTABLES AND POLYNUCLEAR ARCMATIC HYDROCARBONS

Herbert J. Brass, Supervisory Chemist
" Walter C. Elbert, Chenmist
Mary Ann Feige, Chemist
Edward M. Glick, Chemist
Arthur W. Lington, Chemist

Organic Chemistry Laboratories
National Field Investigations Center - Cinecinnati
Office of Enforcement and General Counsel
U. S. Envirormental Protection Agency
5555 Ridge Avenue
Cincinnati, Ohid L5268

OCTOBER 197h



TABLE OF CONTENTS

SUMMARY

INTRODUCTION

EXPERIMENTAL
A. HEXANE EXTRACTLBLES (OIL AND GREASE)
B. LIQUID CHROCMATCCRAFHIC FRACTIONATION
C. GAS CHROMATCGCRAPHY

D. GAS CHROMATCGRAPHY/MASS SPECTROMETRY (GC/MS)

A. WATER SAMPLES
B. HEXANE EXTRACTABLES (OIL AND GREASE)

C. POLYNUCLEAR AROMATIC HYDROCARBON ANALYSIS IN
SEDIMENT SAMPLES

1. Liquid Chromatographic Separations
of PAH

2. Gas Chromatographic Analysis

3. Gas Chromatographic/Mass Spectrometric
(GC/MS) Analysis

DISCUSSION
A. SURVEY FINDINGS
'B. OTHER COMMENTS

REFERENCES

Page Number

1

o W o1 W

10
12
15
15
17

20

20

25

33
6l
6L
66
67



SUMMARY

Three water and twelve sediment samples, collected at the U. S.
Steel, Lorain, QOhio, works, were analyzed as part of an extensive
ﬁiological and chemical survey of the Black River in the vicinity of
the U. S. Steel site. Two water samples, taken from blast furnace
effluents, were free of contamination. The coke sewer (002) sample
did show the presence of small amounts‘of organic compounds, Possibly
paraffins, cycloparaffins, and/or olefins. The concentration of any
individual component was less than 20 ppm (wt/v). Small amounts
(<1 ppm) of polynuclear aromatic hydrocarbons (PAH) may have been
present in the coke sewer sample. Water sampleswere analyzed by gas
chromatography/mass spectrometry (GC/MS).

The sediment samples were extracted with n-hexane to'determine
orgénic solvent extractables - "0il and Grease". Values ranged from
810 to 26,700 mg/kg based aon dried sample weight. Highest values were
.at sampling sites in close proximity to the plant.

PAH were determined in sediment samples by gas chromatography (GC)
and GC/MS. Liquid chroﬁatography (LC). was used to separate PAH fromother
classes of organic compounds in hexane extraé¢ted residues. Quantitation of
ten PAH in eight samples was then made by GC. These PAH represented an en-
velope of polymuclears of increasing ring complexity ranging from phenan-

threne and anthracene (molecular weight 178) through two dibenzanthracenes



(MW7 278). Several of the PAH quantitated are known carcinogens. Values
benz[al- plus benz[elpyrene ranged from 0.91 mg/kg (sample 19L66) to

19 mg/kg (sample 19L72). Values for dibenzanthracenes ranged from 0.37
(19487) to 12 mg/xg (19k72). Sample 19472, collected just downstream
from plant outfall 002, contained the largest concentrations of PAH;
this sample was examined in detail by GC/MS. A broad spectrum of PAH
was seen to be present: these included unsubstituted as well as methyl
substituted polynuclears. Specialized CC/MS data system techniques
were used to determine the presence of PAH. Isotope abundances were

used to confirm molecular formulas.
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INTRODUCTION

At the request ci EFA Region V, NFIC-Cincinnati's Organic Chemistry
Laboratories were 2sxed to analyze twelve sediment and thrée water samples,
collected by NFIC-Cincinnati personnel, at the U. S. Steel, Lorain, Ohio,
.works; this plant discharges into the Black River. This request is part
of an extensive biological and chemical survey of the Black River in the
viecinity of the U, S. Steel site in conjunction with EfA's pending court
case against U. S. Steel. The sediment samples were to be analyzed for
coﬁpoﬁnds extractable into an organic solvent; this procedure is better
known as aé 0il and Grease Determination. 1In addition the sediments
were to be scanned for Polynuclear Afomatic Hydrocarbons (FAH). Certain
PAH, for example benz[a]pyrene, are known to be powerful carcincgens. The
three water samples were to be analyzed for the presence of organic com-
pounds and in particular PAH, Chain of custody procedures were followed
in handling the samples.

The request for PAH analysis arose out of the survey; conducted by
Mr. Allen Lucas of these laboratories,l in which substanﬁia; concentrations
of benz[a]pyrene (BaP) were found to be present in sediment samples collected
at a U. S. Steel - Calumet site. Dr. Paul Clifford, who analyzed these
samples, reported concentrations of BgP rangiqg from 1 to.380 mg/kg (dry
sample weight) using gas chromatography/maés spectrometry (GC/MS) and
fluorescence spectroscopy as analytical tools.

The approach taken in our laboratory to analyze for PAH in the Lorain

sediment survey was different than in ﬁhe Calumet case. Iﬁ/the latter
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instance PAll were found as part of a generazl scan for crganic compounds;
phenanthrene, anthrzcere, and EaP were then selected as measures of PAH
and carcinbgenic ccntent. In the Lorain case it was decicded to analyze
the samples for a troad spectrum of PAE from phenanthrene and anthracene
(M¥=178) to the dibenzanthracenes (M= 278). It was felt that it would
be of greater value scientifically to examine selected sediments for many

individual FAH than 211 samples for, say, 2aP. In fact a detailed PAH
L ) J s

scan was cbtained for eight of the twelve Lorain sediment samples.



SYPERIMENTAL

A, HEXANE ZWTRACTAZIZS {2VL 29D GREASE)
The method used Zor hexane organic extractables is essentially the
s e ot SEandamA Maihed 2
same as outlined in e Standard Methods procedure.
Samples were weighed into individual wide mouth porcelain crucibles. Before
removal each sample was agitated in its original container to assure adequate

mixing. A control wa

0n
vc,

repared. It contained 25 g of silica gel and 25 ml

(o]

[

of wa
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s an

ct

er. Sampl 0 g wet weight, were air dried at

\N

ne control, ca
30°C overnight in the individual crucibles. They were then crushed

to fine particles and zllowed to dry én additional two hours. Zach residue
was placed in a soxhlet thimble and extracted in individual soxhlet apparat-

1"

uses into "distilled-in-glass E-hexaﬁe for 10 hours. Hexane was evaporated
to 15 ml by allowing a stream of nitrogen to flow over the solvent in the
extraction flasks.which were heated by a steam bath held at 80°C. The re-
maining sample and solvent from each flask were transferred to appropriate
size vials. The extraction flasks were washed with small portions of n-hexane
which were transferred to the vials. No apparent residue remained in the ex-
traction flasks. A stream of nitrogen was allowed to flow over each sample
vial, at room temperature, until the hexane solvent had evaporated. Checks
were made fo be certain that-samples had reached a constant weight indi-
cating complete hexane loss. 0il and érease is reported as mg, organic
residue per kg, dry sample. It shouid be noted, that in all procedures,

attempts were made to keep sample exposure to light in the lsboratory to a

minimum to prevent decomposition of cempounds to be analyzed for in the resigdue.



B. LIQUID CHECHA

!

CURAFEIC FRACTICNATICH
Polynuclear zromatic nydroczrbons were separated from other classes

of organic comvounds in the hexane extractable residues by a liguid

3-5

chromatographic {LC. orocedure given by hHoffmann and VWynder. In order
to determine recovery of FAH from the LC column an experiment was
performed.

Florisil, 60/iC0 :nesh, was heated for an hour at 110°C and cooled
in a dessicator. Forty grams of the activated Florisil was weighed and
placed in a column chromatogravhy tube whnose dimensions were hb X2 cm
(id). The volume occupied by the Florisil was 20.5 X 2 em (id). Aluminum
foil was placed around the column to prevent any possible photochemica;
reactions. With the stopcock in an open position, hexane was poured into
the column. (It is imperative that the solid packing be uniform and with-l
'out air bubbles). The initial hexane elutant was discarded. The volume
of eluting solvent passing through the column was determined o be 37 ml.
Five ml of a 1 mg/ml standard of BaP in cyclohexane was applied and ad-
sorbed onto the column.

The first eluting solvent was n-hexane - 200 ml. The flow rate was
375 ml/hour. Twenty-five ml fractions were collected and viewed under
ultraviolet (UV) light (long wavelength - 365 nm) and observed for fluor-
esence. No fluorescence was observed- /for all eight fractions.

' The second eluting solvent was an 8:1 hexane /benzene (V/V) solution.

The volume of this solution to be applied was determined experimentally.

A critical variable which affects the total volume of the solvent used



is the flow rate (i.e., slower flow rates require less eluting volume).
A flow rate of 340 al/hour was established. Fifty ml fractions were
collected in 100 =l reagent bottles. Each fraction collected was covered
with aluminuzm foil and viewed under UV (365 mm) light. The total vdlume
aftér which no further fluorescence wvas observed was 700 ml. The frac-
tions were pooled and the total volume (700 ml) was concentrated in a
1 liter round bottcm flask by use of a Buchi ROTAVAPOR-R. After the sol-
vent was evaporated to approximately 30 ml, the concentrate was trans-
fefred to a 250 ml wide-mouth flask. The original container ﬁas washed
with 8:1 hexane/benzene and the washings transferred to the 250 ml flask.
Under a steam bath (at ca 70°C) and a gentle stream of nitrogen, the volume
was further reduéed to 2-5 ml.- This solution Wés'transferrgd to a 15 ml
centrifuée tube and the 250 ml flask washed with 8:1 hexane/benzéne;
washings were added to the centrifuge tube and this volume was reduced to
ca 2 ml and stored in a refrigerator until ready for analysis by GC.
Samples were chromatographed in a fashion similar to that in the BaP
recovery experiment. The Scheme (Pﬁge 8) outlines the procedures used. The
samples (i.e., hexane extractable organic residﬁes) were dissolved in 6 ml
n-hexane and applied to:'Florisil columns. n-Hexane was the first solvent;
it was employed to eluté non-polar pafaffinic_type material. Depending on
the sample, 250 to lOOO ml of g-heigée were used. The g-hexane fraction
is defined as fraction A.' For one sample, mmber 19470, where a duplicate

oil and grease determination was made, ten 100 ml fractions were collected
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in 125 ml Erlenmeyer flasks. No fluorescence was observed indicating no
breakthrough of PAi. TFractions 2, 4, 6, and 10 were concentrated to ca
5 ml on a steam bath under a stream of nitrogen. The concentrates of
these fractions were examined bty gas chromatography.

After n-hexane, an 8:1 E-hexane/benzene (V/V) solution was used to
elute fraction B which contains the PAH. As fractions were collected
they were checked for fluorescence. Certain of the samples less concen-
trated in PAH, particularly in higher melecular weight PAH, displayed no
fluorescence after ca one liter of solvent had been eluted from the column.
For these samples elution was terminated when fluorescence was ﬁo longer
observed. Other samples, for example 19472, disp;ayed fluorescence after
elution by 3.5 liters of solvent. For this sample eluate from 0-2500 ml
and 2500-3500 ml were separated.
| Fraction B was concentrated to 10 ml by previously described methods.
It was then extracted four times with 10 ml poftions of nitromethene (NM)‘,3’,+
The NM extracts (fraction BII in Scheme) were pooled aﬁd evaporated to

dryness and redissolved in n-hexane--1 to 5 ml depending on the sample.



C. GAS CHROMATCIRATRY

A gas chromatczravhic (GC) method was employed to analyze for speéific
PAH, based oh the system of Lao et 1.5 410 £t x 1/8 in stainless steel
column was employed which was packed with 6% Dexsil 300 on 80/100 mesh Supel-
.coport. A similar column packed with 3% Dexsil 300 was equally efficient
and eluted compounds in a shorter time. A Varian 1400 GC equipped with a
flame ionization detector (FID) and a Hewlett Packard Model 7100B, 1 MV
recorder, were used. Injector temperature was 225°C and detector tempera-
ture 325°C. After injection the column -was held at 165°C for two minutes
thea prograrmed at 4°C per minute to 295°C and held until the
dibenzanthracenes had eluted. Total analysis time for the 6% and 3% Dex-
sil columns were ca 120 and 80 minutes, respectiyely. The carrier gas
was helium and its flow rate 30 ml/min. The cylinder pressure regulator
was set to delivgr 80 psié to minimize pressure drop accross the column \
during the temperature program. Extreme care had to be taken to prevent
helium leaks in the carrier gas line. A Gow-Mac Model 21-110 Leak Detector
was useful in detecting leaks in gas lines.
| Hamilton 10 pl syringes were employed for injection of standards and
samples onto the GC column. Standards (1000 ppm) were prepared in Burdick
and Jackson distilled-in-glass n-hexane using PAH obtained from commercial
sourﬁes. Perylene was dissolved in bénzene due to its low solubility in

n-hexane. For quantitation, a standard mixture of ten PAH (see Results)

was prepared in n-hexane. The standard mixture consisted of phenanthrene,
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anthracene, fluoranthene, pyrene,_benz[a]anthracene, benz[a]pyrene,
benz[e]pyrene, perylene, dibenz{a,h]anthracene, and dibenz{a,c]anthracene.
The concentration of each PAH in the standard was 50 ppm (wt/v) except for
dibenz[a,h]anthracene which was 25 ppm. Concentrations of PAH in the
.samples wefe calculated by comparison with the standard mixture. Peak
heights were used to compare the earlier eluting PAH.(through benz[a]anthra-
cene); peak areas were used for quantitations of BaP and BeP and later eluting
compounds. In calculating concéntrations of PAH components, corrections
were applied for volumes of samples and standards anélyzed and for total
sample volumes. For comparison, the standard mixture was analyzed prior

to sample énalysis. When more than one sample was to be analyzed, the
standard was run after every 2 - 3 samples.

In analyzing the paraffinic fraction A, a Perkin-Elmer Model 900 gas
chromatograph-equipped with a dual FID system and a Honeywell potentiometric
recorder was employed. The GC was operated in the dual differential mode.
Two 6 f£t X 2 mm (id) glass columns packed with 3% OV-1 on 60/80 mesh
Supelcoport were employed. Injector and detector temperatures were 220°
and 320°C, respectively; The column was held at 80°C for fi;e minutes after
injection and then progremmed at 10°C/minute to 220°C. . The temperature was

then held for ca 10 minutes.



D. GAS CHROMATOGRAITY/MASS SFECTROMETRY (GC/MS)

Analysis o7 standards and samples by GC/MS employed a Finnigan Model
1015 quadrupole GC/i*3 equipped with a System Industries Model 250 data
system. Inasmuch zs the GC on the rinnigan unit is a modified Varian 1400
instrument, colurns could be interchanged with the GC possessing the FID.

The mass spectrometer (MS) was scanned by applying mass set voltages
to the quadrupocle rods from a 15-vif digital-to-analog convertor. At a
given mass set voliage, only ions of a sﬁecifie mass-to-charge ratio pass
through the gquadrurcle field toc the electron multiplier detector.7 The high
mass range of the MS was used; the preamplifier setting was lO_7 amp/volt and
2600-2800 volts were applied to the electron multiplier.

Direct agueous injection of water sampleé by dC/MS was accomplished

8 A6 ft X 2 mm id, glass column was packed

using the method of Budde et al.
with Chromosorb 10l and conditioned at 270°C for two days. Five ul of
sample was injected and the column oven held at 80°C for two minutes and
then programmed at L4° or 8°C/minute to 220°C. The final temperature was
held so that the total analysis time was 35-40 minutes. The MS ionizer_and_
data system were turned on after water had eluted from the GC column and been
pumped from the ion source. It was allowed to scan from 33-200 amu.

Water samples were also extracted and the extracts examined by GC/MS.

One liter of sample was extracted twice with distilled-in-glass methylene chior-

ide. The extracts were combined and dried by passage through two inches of

12



prewashed (with methylene chloride) anhydrous sodium sulfate.in a glass col-
umn. After the combined extracts had been dried, 100 ml of distilled-in-
glass acetone was poured through the column. The extract plus acetone was evap-
orated to 5 ml employing a Kuderna-Danish apparatus. In this way the
‘ methylene chloride (BP 39.8°C) was removed, leaving the sample dissolved in
acetone (BP 56.1°C).

A6 ft X 2m (id) glass column packed with 1.5% OV-17 + 1.95% QF-1
on Supelcoport, 100/120 mesh, was used to analyze extracted water samples.
If was conditioned at 250°C for two days priéf to analysis. Two to four ul
of sample was injected onto the column and the MS .was "turned on" after the
solvent; acetone, had been pumped from the ion source, ca 1 to 2 minutes,
and allowed to scan from 33-450 amu. |

- Fo: sediment samples the 3% pexsil column described in the section on

gas chromatography was used. At the high temperatufes needed for these
analyses (ca 3C0°C) GS/MS separator and transfer lines had to be adjusted
to 280°C and 230°C, respectively.

The Syétem 250 data system has certain special features which were
applicable to these a.na.ly_ses.9 These include choosing mass set voltages
sé that one can acquire data for selecfed ions of interest. This technique
has the advantage of ailéwing the'de?éction of compounds at 10-100 times
lower concentrations than by nonnalf;canning.techniques. Another feature
is being able to search the reconstructed gas chromatogram (RGC) for a
limited number of ions. The RGC is a plot of ion current, normalized to 100%

for the spectrum yielding the highest ion current against spectrum number.

13



Thg limited mass search allows the operator to ignore background and
search for contributions to the ion current by selected ions of interest

as a functicn cf spectrum number.

1h



RESULTS
A, WATER S&rPLES
Three water sarples were received. The first was taken at the 1, 2,
5 blast furnace fezs® clarifier), the second at the 3, L blast furnace (west
clarifigr), and the third at the 002 discharge coke plant sewer. The samples
were scanned for corzanic compounds, using the laboratory’'s gas chromatograph/
mass spectrometer {3C/MS' unit. Two approaches were taken. First, a direct

-

aqueous injecticn o sample was made into the GC/MS. This allows the
determination of low molecular weight, volatile, organic ccmpounds of
varying types. The second procedure involved ext:action of the sample into
methylene chloride, addition of acetone, evaporation, and concentration (see
Experimental Secticn).

The water samples were found to be essentially free of contamination.
The direct aqueous injection technique showed that the two blast furnace
effluents were free of lower molecular weight compounds though one of them
probably contained a small amount of acetone. The coke plant sewer sample
did show small quantities of organic compounds; the concentration of any

individual component was likely less than 20 ppm (wt/v). While individual

components were not identified, two or three classes of compounds were

found possibly to be present; these are paraffins, cycloparaffins, and olefins.

These classes were searched for by ailowing the computer to scan the GC/MS
reconstructed gas chromatograph for the presence of particular ions -
m/e 43 and 57 for paraffins and m/e 55 and 69 for cjcloparaffins and

olefins.lo
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Few organic cocmpounds were present in samples extracted with methylene
chloride, even though the extraction procedures\concéntrated the samples
some 200 fold. 3last furnace effluents showed no detectable compounds,:
while the coke plant sewer again showed small GC/MS peaks. For this
sample the GC/MS was set to acquire data solely for ions corresponding to
base peaks, which are also the moiecular ions, of certain PAH. The ions
ﬁere m/e 128 (naphthalene), 166 (fluorene) 178 (phenanthrene and anthracene),
202 (fluoranthene and pyrene), 228 (benz[a]anthracene and chrysene), and
25é (venz[alpyrene and benz[e]lpyrene).

GC/MS peaks were obtained, for the coke sewer extracted sample cor-
responding to m/e 166, 178, and 202 with 178 being thé largest. These data
indicate the presence of low concentrations (<1-5 pom wt/v) of certain PAH.
. Phenanthrene and anthracene have a molecular weight'of 178 and their
presence would not be surprising, particularly since substantial amounts

of these two PAH were found in sediment samples.

16



B. HEXANE EXTRACTASLES (OIL AND GREASE)

Table I presents data for the n-hexane extraction of organic compounds-
from the twelve sediment samples collected at the Lorain site. Table II
gives a description of the sampling sites. Values ranged from 810.to 26,700
mg/kg based on the weight of samples dried overnight at 30°C. A blank
.containing 25 g of silica gel and 25 ml of water yielded no significant
0il and grease. T[Five duplicate determinations were made and yielded excel-

lent reproducability.
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Lorain Sediment Samples

TABLE I

"OIL AND GREASE" DATA

Weight Organic

Seample Wet Sample Dry Sample Percent Residues, Oil and Grease, pyn
Number Wt., Grams Wt., Grams Volatiles Grams mg/kg Dryv Semple
Blank # 0.0031

19465 TC. L€ 30.79 56 .4 0.,02583 837
19466 50.83 25.62 49.6 0.0595 2,300
19467 53.02 28.84 45.6 0.1170 4,050
19467 (A) 52.98 28.85 45.6 0.0956 3,310
19468 51.96 33.35 35.9 0.0543 1,620
19469 60.43 3h.53 k2.9 0.3683 10,700
19469(A) 57.82 33.30 k2.5 0.3319 9,960

19470 52.67 32.69 38.0 0.3080 9,h20
19h70(A) h9.7o 30.83 38.0 0.3007 9,750
19471 49.57 20.46 58.8 0.2889 14,100
19472 55.53 36.7h4 33.9 0.9539 25,900
19h72(A) 55.27 36.09 34.8 0.9919 27,480
19473 49.08 29.08 39.6 0.5297 18,200
1947k 64.79 39.26 39.5 0.9758 24,800
19474(A) 62.34 36.31 41.8 0.9560 26,410
19475 50.83 31.26 38.7 0.2065 6,580
19476 73.05 37.25 hg.1 0.2061 5,530

* Blank contained 25 g. Silica Gel and 25 ml. water

A - Duplicate determinations
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Sample Sample Mile Site Description

lumber tation Point

19465 1 - Take Watér Treatment Intake

19k66 2 - Mouth of Harbor: Lake Erie-Black River

19467 3B C.C Center of Black River (River Mouth)

19468 LB 1.0 Center of River

19469 5C 2.5 Right Hand Side of River, Looking Upstream

19470 6B 2.75 Middle of Turning Basin Opposite Outfalls
003 and CO4

19471 7B 2.9 Fead of River Turning Basin - End of
Commercial Navigation

19h72 8B 3.L ca 500 ft. Downstream from Outfall 0C2

19473 9B L.o Near Plant Water Intake

1947k 10 5.0 ca 0.2 mi. Downstream from Outfall COL

19475 11 0.2 0.2 mi Upstream on French Creek

19476 12 5.3 ca 0.2 mi. Upstream from Outfall 001

aAll samples taken from the surface of the sediment layer.

19



C. POLYNUCLEAR ARCMATIC HYDROCAREBON ANALYSIS IN SEDIMENT SAMPLES

The organic residues obtained in'the 0il and Gresse determinations
were uéed to analyze for PAH. These residues are complex mixtures of
organic compounds of varying classes and a method.of separating the PAH
kfraction) was ﬁecessary. The largest body of information on the separa-
tion and analysis of FAH, other than in the air pollution field, lies in
the tobacco smoke chemistry area. PAH determinations in organic residues
obtained from sediments should be similar to determinations of PAH in
tobacco tars. Separation of PAH was affected by the method of Wynder and

Hoffmann.>™? Several gas chromatographic (GC)ll-;8

19

.and gas chromatographic/
mass spectrometric (GC/MS)™” methods of measuring PAH are available. Tech-
niques for GC and GC/MS analysis advanced by Lao et al.6 appeared to be
most epplicable and were employed.
| 1. ILiquid Chromatographic Separations of PAH
PAH were separated by the liquid chromatographic (LC) procedures

outlined in the Scheme and detailed in the Experimental Section. Paraffinie
type compounds are eluted from an IC Florisil Column by n-hexane (fraction A).
The next solvent is an 8:1 hexane/benzené solution which elutes the PAH
(fraction B). B is concentrated and PAH extracted into nitromethane
(fraction BII) to separate the PAH from other organic compounds that are
eluted in fraction B. |

.Prior to analysis of the sediment organic residues an experiment was

devised to measure PAH recovery from the IC column. Five ml of a 1 mg/ml

(1000 ppm) benz[alpyrene (BaP) solution was applied to a column and eluted

20



as in the Scheme except that the nitromethane (NM) extraction was omitted.
The recovery of EaP was 9T%.

It was determined that 1 liter of n-nexane was likely a sufficient
amount of solvent o elute fraction A. TFor sample 19470 1 liter of
n-hexane was eluted Irom the LC column with ten 100 ml fractions being
collected. Fractions 2, U4, 6 énd 10 were concentrated and examined by
gas chromatography.using OV-1 as the liquid phasej; OV-1 is efficient for
non-polar materials. TFractions 2 and 4 contained a broad envelope of
pafaffinic type material which eluted from the OV-1 column-as'temperature
was programmed. Fraction 6 was free of GC peaks uptil a high column
temperature was reached, ca 200°C. Reasonably, this indicates high mol-
ecular weight compounds which were late eluters from‘the LC column.
Fraction 10 contained no GC peaks, thus signifying a complete separation
of total fraction A.

-Table III lists the volumesof n-hexane uSed to elute fraction A in
each sample. Prior to GC analysis of the n-hexane cuts of sample 19470,
it was felt fhaf 200-400 ml of Erhex;ne would Se sufficient to elute a
"total fraction A. Clearly this is not the case. Fertunately, however, any
carryovef of paraffinic material into Fraction B did not appear to adversely
affect the final analysis; the nitromgthane extractioﬁ apparently is almost
exclusive for PAH, leaving behind othér organic compounds in the hexane
layer. For example GC/MS analysis of sample 19472 (see below) revealed

only PAH; few'other'types of compounds were present. An exception was
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Sample XNumber Volume n-Hexane, ml
19466 1000
19467 Loo
19469 Loo
19470 400
19471 1000
19472 200
19k7h 200
19476 1000
19470 (Duplicate)® 1000

a . . . . .
A second '"0Oil and CGrease' determination was made on this sample -
see Table I.
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sample 1947L where an exceedingly high paraffin content (see explanation
below) did interfere scmewhat with PAH analysis. Elution of fraction A
with greater than 20C ml of n-hexane was otviously necessary for this
sample.

No fluorescence was observed in the 1 liter of n-hexane eluted for
sample 19474, However, a low level of fluorescence was detected for
samples 19466 and 104L76. The possibility does exist that small amounts
of low molecular weight TAH were lost.

| One to three.liters of 8:1 hexane/Benzene was used to elute Fraction B.
Table IV gives.the volumes of solvent used. Elution of samples 19466 and
19476 was terminated at 1600 and 1250 ml respectively since fluorescence
was no longer observed in solvent passing through the column. For sample
19472 2.5.liters.of solvent were eluted; this was followed by elution with
an additional liter which was separated from the initial 2.5 liters. Each
was concentrated and'extracted with nitromethane (NM); the NM extracts
(fraction BIi) were evaporated to dryness, redissolved in n-hexane
and analyzed by GC. All PAH through the dibenzanthracenes (MW 278) were
found to be in the initial 2.5 liters fraction. Since fluorescence was
observed in the 2.5 to 3.5 liter fractién, including the last 100 ml of
this fraction, higher mblecular weighb'strqngly-fluorescing PAH are no
doubt responsible for fluorescence at high elution volumes. Sample 19472

contained the highest amounts of PAH. Thus, it was acceptable to term-

inate elution after 2 liters of solvent on all other samples (see Table IV).
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TABLE IV

VOLUME OF 8:1 HEXANE/BENZENE USED TO ELUTE FRACTION B

. Sample Number : Volume 8:1 Hexane/Benzene, ml
19&66 | : 1600%
19467 2000
19469 . 2200
19470 2100
19471 2000
19472 | 3500
19L7h o - 2050
19476 ' 1250°

a No fluorescence observed when these volumes had eluted.
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2. Gas Chromatographic Analysis
Excellent separations of PAH were achieved émploying Dexsil 3% |

and 6% columns. Fizure 1 shows a gas chromatographic trace fepresenting
a typical analysis of a ten component PAH standard mixture. Table V
gives the structures and properties of these compouéds.' Figure 2 shows
a gas chromatographic trace representing the analysis of sample 19472;
the sample represents the first 2.5 liters of 8:1 hexane/benzene from
the LC column (see page 9).

In Figure 1 it can be seen that phenanthrene and anthracene (peaks 1
and 2) are partially separated, benz[alpyrene (BaP) and benz{e]pyrene
(BeP) (Peaks 6 and 7) are not separated and dibenz[a,h]- and dibenz-ta,c]—

anthracene (peaks 9 and 10) are not separated. These observations repro-

duce the data of Lao et al.?

Components in the standard mixture were chosen to represent a PAH
envelope that might be observed in sediment samples. Phenanthrene and
anthracene.are three ring PAH with molecular weights (MW) of 178. The
dibenzanthracenes are five ring PAH with MW's of 278. In between there
can be PAH with varying number of rings, ring structures, and substitu~
tions on the rings. Over 100 PAH are kﬁown_betweén M7 178 and 278. -
Effective separations are both critical and difficulf; with caution they
can be accomplished and compound assignments 5e made.

Figure 2 shows assignment of PAH to components of the standard mix-
ture. In addition to comparing gas chromatograms of standards and samples,

a comparison with the data of Lao6 was useful in chromatogram interpretation.
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Recorder trace of detector response in gas chromatographic analysis of PAH standard

mixture using 6% Dexsil 300 column; Attenuation and amplifier settings are given in

the figure as is recorder chart speed

4. pyrene; 5. benz[alanthracene;

3 Peak numbers correspond to the following PAH:
¢; 8. perylene; 9 and 10, dibenz[a,c]anthracene

; 2. anthracene; 3. fluoranthene;
6 and 7. benz[a]pyrene and benz(elpyren

and dibenz[a,h]anthracene.

1. phenanthrene
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GC trace for analysis of sample 19472, 0-2.5 liter, 8:1 hexane/benzene fraction.

FIGURE II.
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STRUCTURES AND PROPERTIES OF CERTAIN POLYNUCLEAR AROMATIC HYDROCARBONS

28

TABLE V

. . a
Carcinogenic

Molecular
PAH Formula Weight Structure Behavior
Phenanthrene Cthlo 178 <£:§i::§ %, -
adbl
Anthracene Clfio 178 J/[J -
I -
Fluoranthene Cl6HlO 202 L\J.h .
Pyrene C16H10 202 /% -
A ’C“
l’?\ 8 : .
Benz[a]anthracene 018H12 228 .\\LI\//’ +
> /\n
Benz[a]pyrene 020H12 252 C \(} +++
Benz[e]pyrene 020H12 252 #
Perylene 020H12 252 -
Dibenz[a,c]anthracene C22H1h 278 +
Dibenz[a,h]anthracene Cootly), 278 4




rein ;enlc tehavior obtained from reference 20; (-)
inogenic; (+) uncertain or weskly carcinogenic,
-+, +++, ++++) strongly carcinogenic.

a .
Ratings o
indicates no

(+) carcincg
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The first major tezk (lateled 1 znd 2) in Figure 2 represents phenan-

Y

threne and anthracene. The assignrent of these compounds is clear. However,
since only one iC Teszk zppeared it is probable that either phenanthrene or-
enthracene predcminates. Cre cannot distinguish unequivocally between.the two
and quantitation mustc ye made as the sum of phenanthrene and anthracene; this
situation obtains Ior all other samples. For sample 19472 GC/MS eiperiménts
suggest that the major pesak (1 and 2) is predominantly phenanthrene with a
minor contribution from anthracene (see ?igure 5, page L2).
The peaks labeled 3 and 4 can be assigned to fluoranthene and pyrene.

Further support for these (and other) assignments will be given in the
GC/MS data to be presented below. Peak 5 certainly represents at least
two overlapping peaks. This is consistent with the oﬁéervation of Lao
et a16 which notes that benz[a]anthrécene is not separated from chrysene
and triphenylene using the Dexsil GC system. Peak 5, then, should be
assigned to these three compounds; no other PAH of MW 228 elutes near these com
pounds6 and GC/MS data show that the peak is due to PAH having molecular
weights of 228. Benz([alanthracene and chrysene are carcinogenszo while
triphenylene is not.

- Peaks labeled 6 and 7 are assigned to BaP and BeP; pezk 8 is assigned
to perylene. 'GC/MS data show these peaks to have molecular weights of
252. The doublet consisting of a larée and a small peak eluting before
BaP and BeP also have molecular weights of 252 (see below). Based on the
data of Lao6 the compounds represented by these peaks may be the benzofluor-

anthene isomers.
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Peaks 3 and 17 2re zssizned fto the divenzanthracenes. Other PAH
-

‘s . . € . . .
imenzanthracene region  and which may be present in
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certain sarmples are thie tencochrysenes, picene, the benzoperylene s,
o-phenylenetyrene, znd the benzotetraphenes,

Table VI reports the concentrations of Pai determined in sediment
samples (from frocticns F.... Matching of individual componeats in -the °
samples was not always as simple as in 19472 described above and in Pig-
ure 2. Tor samples wnere certain ccmponents cculd not be compared with the
standard mixture a value is not reported in Table VI.

Samples 15466 and 19475 display the lowest levels of PAH. This is
consistent witﬁ thelr low o0il and grease values and the fact that fluor-
escence terminated after 1-1.5 liteps of solvent in collecting fraction B.
It is also consistent with the locations of these two sampling sites.
Sample 19472 being just dcwnstream from outfall 002 shows by far the high-
est concentrations of PAH. Wo explanation‘can ve offered focr the absence
of lower molecular weight PAH in sample 19L71.

Sample 19474 was different than all other sediments collected. Frac-
tion A showed an zpparently high raraffinic content. This was observed by
analysis of fraction A employing the Dexsil column. Fractions A of several
samples were scanned for qualitative information as to paraffinic content.
Semple 19LT7Y contained at least a ten;fold highef paraffinic level then any

other sample examined. 1In addition examination of Fraction B for PAH

11

showed a different shaped GC elution pattern. The GC trace in Figure 2
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TABLE VI
CONCENTRATIONS OF PAH DETERMINED IN LORAIN SEDIMENT SAMPLES

Concentration, mg/kg (dry sample weight)a

Sarmple  Phenanthrene Benz[a]pyrene &

Ilumber & Anthracene Fluoranthene Pyrene Benz[aJanthracene Benz[e]pyrene Perylene Dibenzanthracenes
19466 0.43 b b 0.83% 0.91 0.10 0.67°
19467 2.8 2.5 2.9 1.6d 1.5 0.0k 0.37
19469 2.6 3.9 5.2 2.9% b6 e 2.6

19470 3.2 3.3 .Y 2.8¢ 2.9 e ¢

1671 b e . e 3.1d by 3.9 3.9

19h72 18 29 30 24 19 2.0 1.2

1907k ~3° b b b 1.1 e e

19476 0.68 0.75 0.61 1.29 1.5 0.35 0.66°

® Data calculated by comparison of PAH in the sample fraction B

b

Other major peaks occurred in the dibenzanthracene area of the GC.

IL

Overlapping peaks in the gas chromatogram precluded analysis of this PAIl.

GC peak at retention time of dibenzanthracenes in the standard mixture.

The GC peak clearly represents more than one compound, as reported in reference 6.

the total PAH present based on the benz[a]anthracene standard.

Less than detectable.

32

and a standard mixture of ten PAIl.

Concentration reported represents only

The values given are for



Tor 19472 is t;Diczal cf samples analyzed except 1C47L., Consistent with

S

)

our observaticns ccnc2rning sample i9L7h is the fact‘that U.S. Steel
apparently discharges waste oils from outfall COl; sample 1SL74 was taken
0.2 miles downstrearm Jrom this outfall.

3. Gas Chromatcgraphic/Mass Spectrometric (GC/MS) Analysis

Sample 10L72 was exaﬁined in cdetail by GC/MS. In addition the ten

component FAH solution was analyzed. Both analyses employed the 3% Dexsil
column. The "real-time” and reconstructed gas chrematogram (RGC) for
the standard mixture showed separations to be identical to these shown
in Figure 1. Mass spectra for the standard compounds were consistent
with spectra for known PAH.6’21’22

Figure 3 shows the "real-time" gas chromatogram for the analysis
of sample 19Lk72. (A1l further mass-spectréi data reported are for this
sample). The GC is essentially the same as the trace shown in Figure 2.
In GC/MS analysis the total ion current is plotted, as in Figure 3, after
each'spectrum scan during the run. Over sixty peaks can be counted.
Figure L4 shows the reconstructed gas chromatogram (RGC) of the same
fun shown in Figure 3. The data system has normalized the largest peak
in the RGC to an amplitude of 100. Because of the way the data system
acquires and processes information relative peak heights between the
"real-time" and reconstructed chromatograms are not always the same.

Further explenation cannot be given in this section, owing to space limi-

tations.
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FIGURE 3: '"BReal-time" gas chromatogram of GC/MS analysis of sample 19472.
Times in minutes and seconds written above each peek represent

retention *times of the eluting components.

FIGURE h:‘\Recbnstruc:ed gas chromatogram for GC/MS analysis of sample

19472,

FIGURE 5: Reconstructed gas chromatogram for.GC/MS analysis of sample
19472 empioying a limited mass search for ions m/e 178, 202,

228, 252, aad 278.

FIGURE 6: Reconstructed gas chromatogram for GC/MS_analysis of sample
19472 employing a limited mass search for 'ions m/e 192, 216,

2h2, 266, and 292.

3k



35

FIGURE 3

L7 8

- % % W L L

L@ IANDD

VeSS tliens  swweeivEd s SewTine Qe v | LORAISH $OSSAOK

’



36

FIGURE 3 (CONT)

- 2 —— 4D TANOD
VEAmGMans e w0 Mved  SvE Demvee ] - i




37

FIGURE 3 (CONT)

«ADTan@d
VI M OUIE  $003 N e L ewTe Qe o weees | JARASIIKI FOISAOR



FIGURE 4

83972 SONIL 1626 ‘
B RECONSTRUCTED G6AS CREOMATOGRAPH
8]
8
R
8

24 /\___A___—/NJ—’-

4D D WO seeds v deved  Fes IBTING



39

FIGURE L4 (CONT)
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resgonding o The ccmpounds in the PAY standard mixture. The ioans
causing the RGC-penks zre indicated above each individual peak. A peak
corresponding to m/e 7% is noi observed since it is small compared to
the 202 peak on which the RGC is normalized. The mass spectra of PAH

almost always disvlzy iniense parent ions. The parent is usually the

base peak. Thus perorming a limited mass search for the parent is an
effective way of Zelining particular FAH. A cluster is often present

about the parent representing the p-1, P-2, P-3, P+1, and P+2 masses; - that
is the parent less ore, two, and three and plus one and two amu.

Figure 6 gives =zn RGC limited mass search for the methyl-substituted
derivatives of compounds in the PAH standard mixture. Thus the unsubsti-
tuted parents +1ll amu were searched. Again, the molecular ions causing the
RGC peaks heve been indicated.

A limited mass search for dimethyl derivatives, the unsubstituted
parents +28 amu, was made but the data were not conelusive and are not being
.presented.

Searching for unsubstituted ions in the standard and their -methyl

derivatives produced thirty-three separate GC/MS peaks indicating at least

that many compounds. 1In certain cases two or more PAH were present for
& specific RGC peak indicating more than one PAK was eluting from the
Dexsil column into the ion source at the same time; this observation
is quite reasonable. Searching for the dimethyl defivatives produced an

additional eight distinct GC/MS peaks.
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Mass specirzl Zata show that the sample extract contained almost exclu-
sively PAH. The larzest teax in the RGC (Figure Y4) wes not e PAH but a
phthalate derivative with a stirong base peak of m/e 149. The presence of
this compcund cannet Te explained.

Presentation of 211 mass spectra is precluded by space limitations.
In Figure 5, however, it can be seen that peaks for phenanthrene +
anthracene (m/e 173), flucranthene (first m/e 202), pyrene (second large
m/e 202), benz{z]enthracene and probably chrysene and tetraphene (large
broad m/e 228), venz[a]- znd benz[e]py%ene (large peak of second m/e 252
doublet) znd perylene (last m/e 252 peak) are present. Comparison shoﬁld
be made with Figure 2.

Presentation of selected spectra is useful. Figures 7 through 11
show the mass spectra of major RGC peaks (Figure 5) having m/e 252 as
the base peak - the benzfluoranthene, benzpyrene, perylene area.

Figures 12 through 15 show the mass spectra of major RGC peaks (Figuré 6)
having m/e 242 as the base peak. These likely represent methyl-PAH which
are not identified. Other unsubstituted PAH.having mcleculer weights of
242 are possible but unlikely. ¢ should be noted the computer was
allowed to subtract background‘from spectra of interest. Thus in Figure 7
spectrum 526-520 signifies that spéctrym 520 has been subtracted from 526.

Another method in identifying and confirming molecular formulas by
mass speciroscopy employs isotope abundances of the common elements. For

PAH one need consider cnly carbon and hydrogen. For every carbon atom,

L7
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FIGURE 13
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FIGURE 14
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L. . 1 )
ca 1.08% of “he mclecules containing carton possess a 3C atom and produce a
I b >

veekx, Zach atom in an ion contributes an amount to the

d
+

H

—~
o)
o
s
©
s
ct
}

' -l

intensity of tne iscicpe peak that is equal to the relative abundance

o R - . . C
of the isotope of thzt atom. Tnus if a strong molecular ion is present,
as in the case of PaYH, the P+l abundance is useful in identifying a par-

4

ticular molecular formula. The P+2 is also considered, for there exists.

n

a probability that two 130 atoms exist in a single ion, Values of P+1
and P+2 have veen caliculated for the varicus molecular formulas and are
pregsented in tables.23’25
Table VIT list F+1 and P+2 isotope abundances for selected PAH of
interest. The values are theoretical except for two molecular formulas
which represent experimentally determined literature daéa. Table VIII gives the
P+1 and P+2 values or the PAH in the ten component .standard mixture,
Excellent agreement is observed.
_Table IX gives the values found for certain major FAH present in
sample 19472. The values were obtained from spectra defined by the
reconstructed gas chromatograms shown in Figure 5 for unsubstitutea and
Figure 6 for methyl substituted PAH. Agreement for the unsubstituted PAH
is good. 1In a sample containing often overlapping GC peeks one would not
expect agreement to be ideal. This is especially true for the P+2 isotope
abundances which is a second-order effect. In addition, spectra were defined

by limited mass reconstructed gas chromatographic searches. Overlapping

compounds present which are not seen in the limited mass search can easily
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interfere with isotcrpe atundance calculaticns. The total amounts of
methyl substituted F:5 present are considerably smaller than unsubsti-
tuted polynuclears. Thus, one would not expect isotope abundance calcu-
lations to be nearly as satisfactory for these cases; this is exactly

the situation.

29



TABLE VII

ISCTCOPE AZULNDANC

t=]

5 rOR MOLECULAR FORMULAS

CORRESFONDING TO PAH OF INTERESTa22’23’25

olecular

‘Formula Weight P+1 P+2
C1yH10 178 15.29 1.09
Ci5Hy5 192 16.40 1.26
16810 202 17.45 1.43
Ci7tlyo 216 18.56 1.62
Ciat10 228 19.64 1.82
Cigtyy 242 20.76 2,04
Cogtlyn 252 21.9 2.4

Cootlyy, 278 23.5 3.2

® Values are theoretical (reference 23) except for MW 252 and 278;
these values are experimental findings (reference 25).



TABLE VIII

ISQTCrFT ACUIWDANCE FOR FAH STANDARD MIXTURE
Molecular
Compound Assigned Formula Weight P+l P+2
a a
Phenanthrene ; Ciilio 178 15.2 1.3
\ - a a
Anthracene ) C11H10 178 15.5 1.4
Fluoranthene C 610 202 17.6 1.6
Pyrené C16H10 202 17.7 1.9
Benz[a]anthracere C18H12 228 19.7 2.1
Benz[a]pyrene ) b .
) C.H 252 21.1 2.2
2012
Benz[elpyrene )
Dibenz[a,c]anthracene ) b b
[ ~4
Copfy, 278 23.5 3.1"

Dibenz[a,h]anthracene )

% Phenanthrene and anthracene were slightly separated as in Figure UL,
Values for each side of the peak were calculated.

b . .
Values given are averages for several sections of each peak; each
peak represents two compounds; see Figure 2.
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TABLE IX

ISOTCFE AZUTDAIICTS FCOR CERTAIN PAH FOUND IN SAMPLE 19&72a

PAH
Spectrum Parent Peak P+l P42

A, Unsubstituted

| 211-206 178 15.4 1.1
215-206 178 15.6 1.2
337-333 202 18.3 1.h
343-333 202 16.8 0.9
353-3L9 202 17.9 2.0

- h33-430 228 20.1 1.k

436-430 228 20.0 1.2
526-520 252 20.3 2i1.
540-520 252 21.9 1.9
563-557 252 19.6 1.9
566-557 252 20.4 1.9
- 582-576 252 21.5 2.0
78L-775 278 26.7 é
821-805 278 19.3 e
Methyl Substituted
268-262 192 18.2 1.2
278-262 b b b
372-369 216 16.0 ¢
375-369 216 16.6 4.5
378-369 216 16.0 c
386-383 216 . b b
393-390 216 - b b
R T 242 19.6 c
457-453 242 20.7 e
L60-453 22 22.4 c
462-453 2h2 23.2 ~e
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TABLE IX (CONT)

Refer fc iz or unsubstituted PAH and Figure 6 for methyl

substituted

Overlepping o two or more ccmpounds prevented analysis by this method.

ey

P+2 value sxzll cr nci present.
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DISCUSSICH

A, SURVEY FIlTINTT

Water samples were Zzund not to be contaminated to any significant
degree. The =2cxe rewer 'C72} did show small quantitiés of crganic com-
pounds and lixely ccniai:ed lower molecular weight volynuclear aromatic
hydrocarbons ‘ZAH}.

The data of Table I shows the presence of substantial amounts of
hexane extractable crganic residues in sediment samples. All lLorain

sediments were surZace samples. n-Hexane was used as the extracting

solvent for two reascns. First it was Telt that use of a halogenated

-~
..

solvent such as Freon wculd later interfere with gas chromatographic/

mass spectrcmetric analysis of the residues for PAH. In addition,
n-hexane was the exiracting solvent used in the U. S. Steel Calumet survey
and it was felt that comparisons between the two surveys would need to be
drawn.,

Calumet data26 show "oil and grease" wvalues as high as’' 120,000 ppm
for one sample and over £0,CCO ppm for many others; some of these were
core samples. Lorain data show, overall, slightly lower cil and grease
values. This couid be consistent with the fact that the Black River has
recently been dredged.

Reasonably, the highest "oil and grease" values in the Lorain survey
were found in the vicinity of the plant discharge points. The lowest

values detefmined were at the harbor mouth and 2-3 miles downstrean from

the outfalls. The low value for sample 19468 cannot be explained.
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It is tempiing to try to draw analogies tetween amounts of organic
residue and particulizr classes of organic compounds .present in sediment
samples. In certain cases this can no doubt be done; however, caution
must be exercised. Tor example while samples 1S472 and 19L7L} yielded
similar amounts of organic residue, their chemical compositions are

Table VI and cther data presented in the Results section shows

‘o

that a broad specirur of PAH is present in the sediment samples. The
highest concentrations are in the vicinity of the plant outfalls with
the levels in 19L72 teing 2-10 fold greater, depending on specific PAH,
than for any other sample znalyzed. Lowest value; are found for sample
10LG6 (harbor mouth), 19467 (center of the river mouth), and 19476 .
(0.2 miles upstream from outfall 00l). It is reasonable that PAH were
found in all szmples since the sampling sites were in close proximity
to the plant. A lake effect is known to occur carrying water upstream
at least five miles from the river mouth.27 Because this survey rep-
resented the first attempt in this laboratory to quantitatively analyze
for many PAH, one probably should blace wide tolerance limits on th;
accuracy of the data in Table VI. The data certainly reflect the levels
of PAH in the analyzed. samples; however, errors of + 15% would not be

unexpected.
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Many of the TAY found in the sediment samples are without question
carcinogenic. Trese include not only ccmpoundés rerorted in Table VI
(see also Tatlie ¥'. Since = brcad envelope of PAH WQS shown qualita-
tively to be preseni, many unidentified compounds containing four or
rore rings, are no doutt carcinogenic. In particular are the methyl sub- |
stituted FAH which have been shown to possess a high degree of carcino-
genicity.s’zo
2. OTHER COMMENTS

The general thilosophy taken at the outset of the survey was to
anélyze for a broad envelope of PAH rather than for one or two compounds.
This approach proved to te successful and we believe that future surveys
should be handled in a similar fashion.

The analysis for complex mixtures of PAH constitutes one ¢f the most
difficult determinations in organic chemistry; the data presented in this
report are clear evidence of this fact. Optimum conditions for separating
PAH from other classes of organic compounds had to be determined. GC and
GC/MS analyses techniques had to be perfected. The PAH fraction (BIi) is
complex and requires careful and detailed analysis and interpretation;
These criteria were met and meaningful data were obtained.

In subsequent surveys, in other gebgraphical locations, our capa-
bilities will be extended. For example, we intend on obtaining a stqck.of
PAH primary standards available from’%he Canaéian Air Pollution Control
Directorate, Department of the Environment, Ottawa.28 These will allow

us to quantitate upwards of SO PAH.
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