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EXECUTIVE SUMMARY

This report presents and discusses the priority pol-
lutant and traditional parameter data obtained by the American
Petroleum Institute (API) and the Environmental Protection Agency
(EPA) during a wastewater study carried out at two petroleum
refineries in the New Orleans area during the period July 10 to
September 13, 1980. The report also includes a statistical
evaluation of the analytical methods used by the API and EPA con-
sultant laboratories and a qualitative assessment of the utility
of traditional. parameters to act as surrogates for priority

pollutants.

The study was initiated by EPA as part of an overall
program to develop refinery effluent guidelines for toxic
pollutants reflecting the application of Best Available Tech-
nology Economically Achievable (BAT). API was invited to
participate in the study by EPA and the two refineries involved.
Although EPA collected and analyzed samples every other day dur-
ing the two-month period, API obtained split samples for analysis
on only 12 of the 30 sampling days; six days at the beginning of
the study and six at the end. It was believed that API's addi-
tional sampling would provide sufficient data to allow an inde-
pendent evaluation of the results of the EPA study.

Wastewater samples were collected from the influent to
the refineries' treatment systems (API separator effluent) and at
the final discharge point after treatment (final effluent).

These samples were analyzed by API and EPA laboratories for trace
organic and elemental priority pollutants, as well as for tradi-
tional parameters present in refinery wastewaters.

The concentrations of organic priority pollutants were

determined using two GC-MS quantification techniques; the
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receatly developed "isotope dilution' procedure (EPA Methods 1624
and 1625) and the more generally known "internal standard"
technique (EPA Methods 624 and 625) which has been previously
used to analyze refinery samples. Elemental priority pollutants
were analyzed by atomic absorption and/or inductively coupled
argon plasma spectroscopy (ICAP) procedures. EPA-approved
standard methods were used for the traditional poilutants.

The analytical methods were evaluated in terms of blas
(systematic differences between a measured concentration and the
true concentration or designated-reference concentration) and
within-laboratory precision (variability in concentrations
resulting from random measurement errors within a laboratory).
This evaluation was used as a baseline to assess both the magni-
tude of pollutant concentrations in the refinery wastewaters and
the day-to-day variation in raw waste load and treatment system

performance.

Method Evaluation Results

The recovery bias of the internal standard quantifica-
tion procedure was estimated using the percent recovery of the 28
{gotoplcally labeled analogs of priority pollutants spiked into
each refinery sample. (An assumption of the isotope dilution
technique is that the percent recovery of labeled compounds is
equal to the percent recovery of their unlabeled analogs.) Sub-
stantial bias (average recovery significantly different than 100
percent) was found for 14 of the 28 compounds. Even where no bias
was found, the large recovery standard deviations indicate that
recoveries substantially different than 100 percent were obtained
for individual samples. For many of the compounds, observed
recoveries much greater than 100 percent were often found, indi-
cating that reported concentrations of priority pollutants may at
times be greater than the concentration actually present in the

wastewater,

1T
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The observed recovery bias and large recovery standard
deviations indicate that the internal standard technique provides
a variable and somewhat inaccurate measurement of actual priority
pollutant concentrations. The recovery bias of the isotope dilu-
tion procedure could not be determined since known amounts of
individual priority pollutants were not spiked in wastewater
samples. However; as discussed below, the two laboratories
obtained substantially different priority pollutant concentra-

R IS W - Ay ..

tions using this procedure on split samples.

The between-laboratory bias of both the internal
standard and the isotope dilution quantification procedures was
determined from the data obtained by API and EPA on 44 split
samples. A qualitative assessment found that the two laborator-
ies frequently disagreed on whether or not a priority pollutant
was present. The percent disagreement ranged from five to
thirty-five percent, depending on the priority pollutant class
(volatiles, acids, polynuclear aromatics, or phthalates). Agreé-
ment was considerably improved by classifying detected concentra-

1" -

tions (by either laboratdry) which were less than 10 ug/l as ''not

detected."

A quantitative assessment of between-laboratory bias
was performed using regression analysis. Substantial bias was
found for some compounds. The amount of bias varied depending on
the compound and the quantification procedure and, for a few com-

pounds, on the concentration level.

_ For compounds where no significant bias was found,
substantially different pollutant councentrations were often
reported by the two laboratories for the split samples. The
differences in pollutant conceuntrations obtained by API and EPA
laboratories were attributed to a combination of between-labora-
tory bias and within-laboratory precision. By correcting for any

IIT

Documents

Copyright by the American Petroleum Institute
Sun Feb 08 17:11:57 1998

Full document details: APl Publ 4346-1981 scan



http://avadocuments2026.com/doc/api-publ-4346-1981-scan
http://avadocuments2026.com/doc/api-publ-4346-1981-scan

PUBL Y43UL-B1 l 0732290 0038kL5h ul‘

observed between-laboratory blas, an estimate of the pooled
within-laboratory precision (variation) of the two laboratories
was obtained. An analysis of this estimate indicates that the
precision 1s poor, especially for the volatile compounds. No
significant differences in precision were observed between the
two GC-MS quantification procedures (i.e., internal standard and

isotope dilution).

Wastewater Characterization Results

A total of 24 organic and 7 elemental priority pol-
lutants were found by APL during the study. Twenty~-eight of the
thirty-one pollutants detected were found at both refineries.
Priority pollutants found at average concentrations exceeding
100 ug/l in the influent samples were benzene, ethylbenzene,
toluene, chloroform, phenol, 2,4-dimethyl phenol, anthracene/
phenanthrene, naphthalene, chromium, and zinc. Chromium and zinc
were detected in the final effluent samples at concentration
levels ranging from 30 to 240 ug/l (Atomic Absorption data). The
remainder of the priority pollutants were either not detected, or
detected at very low concentrations (< 20 ug/1), in the final

effluent samples (Internal Standard data).

Analysis of field and laboratory blank samples revealed
that sample contamination from methylene chloride, benzene,
toluene, chloroform, and several phthalates was a possibility.
The amount of contamination was sufficlent to invalidate all
methylene chloride data obtained on refinery samples and to throw
suspicion on the validity of the phthalates and chloroform data.

Substantial variability in daily concentrations of
priority and traditional pollutants occurred in refinery influent
samples and, to a lesser extent, in effluent samples. This
variability is due to both analytical variability and variability

v
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in refinery raw waste loads and treatment system performance.
For all pollutants analyzed, the analytical variability made a
significant contribution to the observéd day-to-day variation in
concentrations. 1In most cases, the magnitudé of the analytical
variability was similar to raw waste load or treatment system

variability.

‘Surrogate Analysis Results

Since much of the final effluent data consisted of "not
detected" or low concentrations, a quantitative analysis of sur-
rogate relationships between cbn¢entrations of priority pollu-
tants and traditional parameters could not be conducted. A qual-
itative comparison of concentrations of potential surrogates
(TOC, BOD, TSS, COD, 0il and Grease and 4AAP phenolics) and pri-
ority pollutants in effluent waters was performed. The results
of this comparison indicated that a possible relationship was
present between chromium and total suspended solids (TSS).

_Conclusions :

e Refinery treatment systems can reduce priority
pollutants present in raw wastewater to very low
‘levels. Much of the variability of final effluent
concentrations is due to variability associated with
the analytical methods currently available to
measure effluent concentrations at the part-per-
billion level. '

e The two refineries were- remarkably similar with
respect to the pollutants present in the influent
and effluent samples and the concentrations of these
pollutants.

e Continued evidence of the possibility of sample con-
tamination with such priority pollutants as methyl-
ene chloride, benzene, toluene, chloroform, and
phthalates indicates that analytical data for low
‘levels of these pollutants is subject to question.
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e The use of the isotope dilution procedure offered
no advantage over the intérnal standard procedure
in terms of eliminating between-laboratory bias or
improving within-laboratory precision. The magni-
tude of the between-laboratory bias and the within-
laboratory precision of either procedure remains a
limitation of the methods' utility for regulatory
purposes. '

e The ICAP and AA methods of elemental analysis are
essentially equivalent for measuring chromium and
zinc in refinery wastewaters.

e The concentrations of priority pollutants in the
refinery effluents studied are too low to allow a
valid assessment of the utility of using tradi-
tional parameters as surrogates for priority pol-
lutants. Although a qualitative relationship
between total chromium and total suspended solids
was found, this is insufficient to show that a
valid surrogate relationship exists.

VI
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1.0 INTRODUCTION

During the period of July 16 to September 30, 1980,
EPA carried out a sampling and. analySLS study of prlorlty pol-
lutants in wastewaters from two refineries in the New Orleans
area. At the invitation of EPA and personnel fepresehting the
two refineries, API agreed to participate in the study. API
obtained replicate and split'samples:fbr analysis concurrently
with EPA during the initial and final two weeks of the study.
The objective of API's limited etudy was to obtain sufficient
data to conduct an independent,eValuatibn,of the results of the
EPA study.

This report pfesentsrend discusses the priority pollu-
tant and traditional parameter data obtained by API and EPA on
the split samples obtained durlng the study. The report also
includes a statistical evaluatlon of the analytical methods used
by the API and EPA eonsultant laboratories and a qualitative
assessment of the utility of traditional parameters to act as
surrogates (indicators)’ for priority pollutants. The statistical
Aevaluation of the analytical methods was used as a baseline to
assess both the magnitude of pollutant concentrations in refinery
wastewaters and the day-to-day variation in raw wasteload and

treatment system performance.

Background

The New Orleans study was conducted as part of an over-
all program initiated by EPA in the fall of 1976 to develop
refinery effluent guidelines reflecting the application of Best
Available Technology Eeonomically Achievable (BAT) for toxic and
nonconventional pollutants and Best Conventional Pollutant
Control Technology (BCT) for conventional pollutants. The stated
purpose of EPA's New Orleans study ''was to (1) determine if there
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is a surrogate relationship between the priority pollutants and
one or more of the traditional pollutant parameters (e.g., TOC,
coD); (2) confirm the presence or absence of specific priority
pollutants; and (3) evaluate stable isotope spiking techniques
(stable label) as a monitoring tool in this industry."! The
isotope dilution techniques referred to above are Methods 1624
and 1625 recently developed by EPA's Effluent Guidelines

Division.2

Previous three-day wastewater sampling and analyses
studies carried out by EPA and API at 17 refineries during the
spring of 1977 showed that those priority pollutants detected
were removed to low, or in most cases, non-detectable levels in
refinery effluents.>»# These studies, however, did not provide
any long-term data to evaluate the day-to-day variability of pri-
ority pollutants in refinery influent and effluent wastewaters.
Additionally, statistical analyses of data obtained during the
1977 studies showed that the gas chromatography-mass spectrometry
(GC-MS) method used to quantify the organic priority pollutants
needed substantial improvement. Recovery of compounds was
extremely variable and agreement (precision) between laboratories
on replicate samples and within laboratories on replicate spiked
gamples was poor.3 EPA proposed the study reported here in
order to develop a more definitive long-term characterization of
priority pollutants in refinery effluents and to evaluate the
recently developed GC~MS techniques.

Finally, the Agency stated in its preamble to the 21
December 1979 proposed refinery guidelines that it was consider=-
ing the possibility of establishing numerical effluent limita-
tions for the following specific toxic pollutants: benzene,
toluene, ethylbenzene, naphthalene, and 2,4-dimethyl phenol.4
The use of GC-MS methods in measuring organic priority pollu-
tants, however, is both costly and time-consuming. For this

a
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reason, EPA has sought to use traditional pollutants as surro-
gates or indicators for the priority pollutants where appropri-
ate. That is, by establishing effluent limitations for the sur-
rogate or indicators, toxic pollutants would be indirectly con-
trolled. The two-refinery New Orleans study was designed to pro-
vide data for further investigation of the surrogate/indicator-

toxic pollutant relationship.

¢
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2.0 WASTEWATER SAMPLING

Sampling was conducted at the two refineries in the New
Orleans area from July 16 to September 13, 1980 by Burns and Roe
Industrial Services Corporation, under contract to EPA (EPA
Contract No. 68-01-5163). The API sampling and analysis program
was designed to duplicate the EPA program during the first two
and last two weeks of the EPA effort. Although most API samples
were analyzed by Radian, two sets of samples obtained during the
first two weeks at Refinery B were analyzed at the company's

research center.

.1 Sampling Plan

Samples of the influent to wastewater treatment (API
separator effluent) and treated effluent were collected>by EPA,
every other day at both refineries over a 60-day .period. Twelve
of these samples from each refinery were split>with API during
six sampling days at the start and at the end of the EPA effort.
These two six-day perioas are referred to as Phase I and Phase
II. Also, samples of each refinery's intake (river) water were
collected twice by API during the sampling period. Grab samples
of the river water were likewise obtained by EPA on three occa-
sions during the program. Table 2-1 summarizes the API sampling
effort. All samples were assigned EPA sample identification
numbers provided by the EPA sampling team to facilitate subse-

quent data comparison.

2.2 Sampling Protocol

Grab, blank, and composite samples were collected dur-
ing each sample period, utilizing specific containers and preser-
vation techniques -as summarized in Table 2-2. All grab samples
were collected at the start and end of each sampling period.
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‘ Table 2-2 )
SUMMARY OF SAMPLING INFORMATION .

. . . On-Site R
Parameter Type Container Preservation Comment
Extractable Organics Composite Gallon Glassl Cool, 4°C 24-hour sam-
: - - pling period
Volatile Organics Grab 40 ml vial? Cool, 4°C Duplicate vials
. collected at
beginning and end
of 24-Eour sampling
) period
Phenolics - Grab 1 Qt Glassl HpS0y Collected 1/2 of
: to pH<2; sample at begin-
cool, 4°C ning and end of
24-hour sampling
- . - . _ period :
Metals Compogite 1 1l-Plastic HNOj3
- to pH<4 s
cool, 4°C
0il and Grease I Grab 1 Pt. Glass! HoS0y Gollected at
to pH<2; beginning of 24-
cool, 47C hour sampling
period
Oil and Grease II Grab 1 Pt. Glass! HoS0y, " Collected at end
to pH<2; of 24-hour sampling
cool, 4°C period
BOD, TSS Composite 1 1-Plastic Cool, 4°C
Volatile Trip Blank Blank 40 ml vial? Cool, 4° 1 blank per
plant per day
C0oD, TOC Composite 1 Qt. Glassl HpS04
to pH<2;
cool, 4°C

lreflon®-lined metal caps.,
2 silicone septa with teflon liner.

3Samples from each of the sample points were tested for residual chlorine with
ortho toluidine, but none was found.
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Radian and EPA each provided two ISCO samplers for the collection
of composite samples at each refinery. All extractable organic
samples (API and EPA) were taken from the EPA sampler in order to
minimize differences between duplicates. The API sampler was
employed for the trace metal and traditional pollutant samples.
The Radian and EPA samplers were operated side by side in the
time proportional mode. FEach gampler collected 40 ml every 15
minutes for a total of 9.5 liters (2.5 gal.) during each 24-hour
cycle.

At the end of each sampling period, the composite sam-
ple was capped and shaken to ensure uniform mixing. The sample
was then split by pouring aliquots into the API and EPA sample
bottles. The samples were then preserved, placed in ice chests,
and shipped by air freight on the day of collection.
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3.0 ANALYTICAL METHODQLOGY

Radian Corporation, the API contractor, analyzed waste-
water samples for volatile organics, liquid-liquid extractable
(acid and base-neutral) organics, elements, and traditional
parameters. Neither Radian nor TRW, the EPA contract laboratory,
analyzed for pesticides/PCB's since they would not be expected in
refinery effluents. The methods used for preparation and analy-
sis of the samples are described below.

Analyses for organic priority pollutants were conducted
by GC-MS. Both Radian and TRW used EPA Methods 1624 and 1625.2
These methods are reproduced in Appendiceé B and C; any known
deviations from these methods are detailed in Appendix A,
Sections 2.0, 3.0, and 4.0.

Methods 1624 and 1625 are the recently developed stable
label alternatives to the EPA proposed Methods 624 and 625.°
The major differernce between Methods 1624 and 1625 and the EPA
proposed methods is the spiking of isotopically labeled analogs
of the organic priority pollutants (labels). The labels are
added to the sample before extraction for subsequent use in
quantification. The quantification of each organic priority
pollutant is based on its labeled analog. This technique is
designated '"isotope dilution." Methods 624 and 625 utilize an
"internal standard" technique for quantification. During this
study, the addition of internal standards together with labeled
analogs to the sample allowed quantification by both the isotope
dilution and internal standard techniques from a single analysis.
At Radian, the internal standard calculation technique was also
employed to measure the concentration of the isotopically labeled
compounds. This permitted calculation of the recoveries of the
labeled compounds which are presumed equal to the recoveries of
the corresponding priority pollutants.

h/ . - - _ - i —
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In Section 5.0 a comparison is made of the concentra-
tions determined by the two methods of quantification: isotope
dilution and internal standard. Results and conclusions dis-
cussed in Sections 6.0 and 7.0, however, are based on measure-
ments quantified by the internal standard procedure (Methods 624
and 625), since this is the procedure which has been widely used
to generate effluent data for EPA effluent guidelines development
and for National Pollutant Discharge Elimination System (NPDES)
pernit applications.

The GC-MS methods subdivide the organic species into
three groups for analytical purposes. The three groups and the
method for each group are:

e Volatile organics - purge and trap, GC-MS
(Methods 624 and 1624);

e DBase-neutral extractable organics - liquid-
1liquid extraction with methylene chloride at
pH 12, GC-MS (Methods 625 and 1625); and

e Acild extractable organics ~ liquid-liquid

extraction with methylene chloride at pH 2,
GC-MS (Methods 625 and 1625).

Detalled discussions of the analytlcal methods and calculations
are 1n Appendix A. These are briefly summarized below.

3.1 Volatile Organics Procedure

Methods 624 and 1624 utilize a similar procedure based
on removing the volatile compounds by purging with an inert gas
and trapping the purged species on a sultable sorbent, Five ml
of a water sample are purged with helium for 12 minutes. The
purged organics are trapped on a Tenax®-gilica gel trap at room
temperature. The species are then desorbed by rapidly heating
the trap to 180°C. Analysis of the desorbed organics is then

10
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performed by GC-MS utilizing a Carbopak®-Carbowax chromato-
graphic column. Analysis for the volatile species is accom-

plished by the measurement of characteristic parent or fragment
ion intensities which maximize at known retention times. The
volatile priority pollutants which are determined by Methods 624
and 1624 are listed in Table 3-1.

Labeled analogs of the 10 compounds indicated in Table
3-1 were added to the sample before purging. Each labeled analog
was spiked at a concentration level of 20 ug/l with the exception
of acrylonitrile-dg which was added at 100 ug/l. Details of
this spiking procedure are described in Appendix A, Section 2.0.

(- - (- _ -\

3.2 Liquid-Liquid Extractable Organics Procedure

Methods 625 and 1625 employ a liquid-liquid extraction
procedure to separate the extractable priority pollutants into

- .

two fractions, acid and base-neutral, as shown in Table 3-2.
These extracts are obtained by first adjusting the pH of two
liters of the sample to pH 12. The basic and neutral compounds
are then removed by extraction with methylene chloride. After
adjusting the sample to pH 2, acidic compounds are removed from
the remaining sample by a second methylene chloride extraction.
After concentration, the extracts are individually analyzed by
GC-MS for the appropriate priority pollutants. Quantitative
analyses are performed by the measurement of the ion intensities

- AR ;.

of selected parent or fragment ions of both the priority
pollutant and its isotopic analog or internal standard.

Labeled analogs of the 20 compounds indicated in Table
3-2 were added to the sample before extraction. Each labeled an-
alog was spiked at a concentration level of 100 ug/l. Details of
this spiking procedure are described in Appendix A, Section 2.0.

R m mh T ..
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Table 3-1
VOLATILE COMPOUNDS AMENABLE TO ANALYSES BY METHODS 624 AND 1624

Acrolein
*Acrylonltrile
*Benzene
Bromoform
Carbon tetrachloride
Chlorobenzene
Chlorodibromomethane
Chloroethane
2-Chloroethylvinyl ether
*Chloroform
Dichlorobromomethane
Dichlorodifluoromethane
1,1-Dichloroethane
*1,2-Dichloroethane
1,1-Dichloroethene
1,2-Dichloropropane
trans~-1,3-Dichloropropene
cis-1,3~-Dichloropropene -
*Ethylbenzene
Methyl bromide
Methyl chloride
" *Methylene chloride
*1,1,2,2-Tetrachloroethane
Tetrachloroethene
*Toluene
. 1,2-«trans-Dichloroethylene
%1,1,1-Trichloroethane
#%1,1,2-Trichloroethane
Trichloroethene
Trichlorofluoromethane
Vinyl chloride

*Compounds for which a labeled analog was spiked into the sample.

12

Documents

Copyright by the American Petroleum Institute Document Sharing Hub
Sun Feb 08 17:12:09 1998

Full document details: APl Publ 4346-1981 scan


http://avadocuments2026.com/doc/api-publ-4346-1981-scan
http://avadocuments2026.com/doc/api-publ-4346-1981-scan

L]

e W0 A TN SE Et EE Wy "

PUBL 434k-41

Table 3-2

COMPOUNDS AMENABLE TO ANALYSES BY METHODS 625 AND 1625

Base/Neutral Compounds

Acenaphthene
Acenaphthylene
*Anthracene

Benzidine
*Benzo(a)anthracene
Benzo(a)pyrene
3,4-Benzofluoranthene
Benzo(g,h,i)perylene

Benzo (k) fluoranthene
bis(2-Ethylhexyl)phthalate
4-Bromophenyl phenylether
bis(2-Chloroethoxy)methane
bis(Z-Chloroethylgether
big(2-Chloroisopropyl)ether
Butyl benzyl phthalate
2-Chloronaphthalene
4-Chlorophenyl phenyl ether
*Chrysene
Dibenzo(a,h)anthracene
*1,2-Dichlorobenzene
1,3-Dichlorobenzene
*1,4-Dichlorobenzene
3,3'-Dichlorobenzidine
Diethyl phthalate

Dimethyl phthalate
*Di-N-butyl phthalate
2,4-Dinitrotoluene
2,6-Dinitrotoluene
*Di-N-octyl phthalate
1,2-Diphenyl hydrazine

(as Azobenzene)

Fluoranthene

*Fluorene
Hexachlorobenzene
Hexachlorobutadiene

Base/Neutral Compounds

Hexachlorocyclopentadiene
Hexachloroethane
Indeno(1,2,3-c,d)pyrene
Isophorone
*Naphthalene
*Nitrobenzene
N-Nitrosodimethylamine
N-Nitrosodi-N-propylamine
*N-Nitrosodiphenylamine

- (detected as diphenylamine)
*Phenanthrene
*Pyrene
1,2,4-Trichlorobenzene

Acid Compounds

#2-Chlorophenol
*2,4-Dichlorophenol

2 ,4-Dimethylphenol
2,6-Dinitro-o=-cresol
*2,4-Dinitrophenol
2-Nitrophenol
4-Nitrophenol
p-Chloro-m-cresol
*Pentachlorophenol
*Phenol
%*2,4,6-Trichlorophenol

I 0732290 0038671 u[

*Compounds for which a labeled analog was spiked into the sample.
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3.3 Quantification Techniques for Organics

As discussed in Section 3.0, the major difference
between Methods 624, 625 and Methods 1624, 1625 lies in the
quantification procedure. By spilking the samples with internal
standards (used in Methods 624 and 625) and isotopically labeled
compounds (used in Methods 1624 and 1625), results could be
obtained for each procedure. A brief description of the internal
standard and the isotope dilution quantification procedures is
given below. Additional details and any known deviations from
the published methods are given in Appendix A.

3.3.1 Internal Standard Technique

The concentrations of priority pollutants referred to
as "internal standard" values were calculated as prescribed by
EPA Methods 624 (Volatiles) and 625 (Acids and Bage-Neutrals).%
Using these methods, a known amount of an internal gtandard com-
pound is added to the sample before the GC-MS analysis. (In
Method 624, the internal standard is added just before the purge
step; 1in Method 625, it is-added after extraction.) It is
assumed that any subsequent losses of sample and changes of
instrument response equally affect the analyte (priority pollu-
tant) and the internal standard. The instrument response (the
peak area of a selected fragment ion) is measured for each
analyte (Ax) and for the internal standard (Arg). The concen-
tration of the analyte (Cx) can then be calculated as follows:

. N .
v = o

Cx = AX . CIS . L
Arg RF
where Cyg is the known concentration of added internal stan-

dard, and RF is a response factor which must be experimentally
determined for each analyte by analysis of prepared standards.

14
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Method 624 (Volatiles) automatically corrects results
for recoveries found in reagent water auring calibration, ‘but not
for any di fferent recovery caused by other components in the sam-
ple matrix or by instrument variation. Method 625 (acid and
base-neutral extractables) makes no recovery corrections.

Analyses indicated that the spiking solution of labeled
analogs added to samples for quantification by the isotope dilu-
tion technique (described below) contained small amounts of some
of the (unlabeled) priority pollutants as impurities. The

' concentrations calculated as described above, therefore, were

corrected for these impurities and for any mass spectral

interference arising from the presence of the labeled analogs.

3.3.2 Isotope Dilution Technique

The concentrations of priority'pollutants'referred to

- T T

as "isotope dilution' values were calculated as prescribed by
Methods 1624 (Volatiles) and 1625 (Aqids and Base-Neutrals). A
detailed discussion of the calculation technique, including the
approPriaté equations, is given‘in Appendix A. The principles of
quantification by‘this‘technique are similar to those of the
internal standard technique except that for each compound ana-
lyzed, the internal standard chosen is an analog of that compound -
labeled with a stable isotope to make it diétinguishable by the

mass spectrometer.

The labeled analogs generally differ from their cor-
responding priority pollutant in that they contain deuterium (a
. hydrogen isotope) rather than ordinary hydrogen. Since the
labeled analogs differ remarkably little in chemical and physical

properties from their corresponding priority pollutants, they
should exhibit similar properties during purging or extraction
and in subsequent handling of samples.

15

- ws .

Documents

Copyright by the American Petroleum Institute
Sun Feb 08 17:12:13 1998

Full document details: APl Publ 4346-1981 scan



http://avadocuments2026.com/doc/api-publ-4346-1981-scan
http://avadocuments2026.com/doc/api-publ-4346-1981-scan

7%’1718/17_743%—6;?”*%. 0732290 onase7y L

In addition, unlike the 1nternal standards used in
Method 625, the labeled analogs in Method 1625 are added to the
sample before extraction. Thus, the 1lsotope dilution method
makes corrections for recovery losses during extraction. Higher
and more accurate concentrations than those calculated by the
internal standard technique might therefore be expected.

For convenience in the laboratory, all of the labeled
analogs were combined into one spiking solution (cocktail) for
each fraction (volatiles, acids, and base-neutrals), These three
cocktails were prepared by Radian as described in Appendix A and
were used by both Radian and TRW.

Some priority pollutants did not have labeled analogs
that could be splked as an internal standard. 1In those
instances, a surrogate labeled compound had to be chosen as the
reference standard for the iéotope dilution calculation. These
surrogate labeled compounds were chosen on the basis of the
"nearest neighbor" principle, i.e., the labeled compound that was
Judged to be closest to ‘the unlabeled analyte in terms of chemi-
cal class, volatility and/or polarity. The 'mearest neighbor"
stable label standards were jointly chosen by Radian and TRW and
are indicated in appendix Tables A-4,6 and A.4-7. For example,
fluoranthene (Quantifying Ion #202 in Table A-4.6) has
pyrene~dj(Q as its 'mearest neighbor.'" Pyrene-dio is, of
course, the stable labeled analog of pyrene. The use of ''nearest
nelghbor' labeled compounds is not strictly part of the isotope
dilution method; therefore, results calculated in this manner are
noted in Appendix D.
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3.4 Analysis of Elements and Traditional Parameters

Methods employed by Radian and TRW for the analysis of
elements and traditional parameters are described in Appendix A,
Sections A-5.0 and 6.0. Analyses for 38 elements, including all
of the priority pollutant elements with the exception of mercury,
were performed by inductively coupled argon plasﬁa emission
spectrometry (ICAP). Four elements--chromium, lead, zinc and

- SN R N e .

arsenic~--were also determined by atomic absorption spectrophoto-
metry. EPA-approved methods were used for the analysis of the
other water quality parameters--total suspended solids, BOD, COD,
TOC, oil and grease, and 4-AAP phenols.5
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4.0 REFINERY DESCRIPTIONS

Refinery A and Refinery B selected for this study are
proximally located such that the EPA team could collect samples
from both refineries and then transport the samples to the air-
port in a single day. Both refineries have moderately complex
process configurations and manufacture a mixed slate of petroleum
products. Both refineries draw their intake water from the
Mississippi River and operate wastewater treatment systems which
utilize dissolved air flotation, oil-water separators, and biolo-

gical treatment units.

4.1 Refinery A

The 255,000 barrels per stream day Refinery A is ranked
by EPA as a Class B* refinery on the basis of process complexity
factors. TForeign crudes are the main feedstocks to the complex.
During the 1980 sampling program, the crude slate was chiefly
comprised of Arabian and Mexican stocks. 1In the course of the

EPA study all major distillation and downstream process units
were operating with the exception of the alkylation and isomeri-
zation units, which were on-line for only one to two weeks during
the 60-day study. The units which operated on a regular schedule
during the study, as well as those cited above, are listed in
Table 4-1. The 1980 stream day capacities reported to EPA and
the actual average stream day throughput recorded during the
gsampling program are also listed there. The component units and
flow pattern of the Refinery A wastewater treatment system are
shown in Figure 4-1. The two EPA sample points are marked for

easy reference.

*EPA has defined five subcategories of the petroleum industry
which reflect differences in wastewater characteristics.
The subcategories are: A-topping, B-cracking, C-petrochemi-
cal, D-lube, and E-integrated. The basic operations of cate-
gory B refineries include topping and cracking.

19
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4.2 Refinery B

Refinery B is a 202,000 barrels per stream day Class B¥
refinery which processes primarily Gulf Coast crudes. During the
first six weeks of the EPA study, several units were out of ser-
vice for a scheduled maintenance turn-around. Those units
included: hydroprocessing, catalytic reforming, aromatic extrac-
tion, reformer feed separation, and hydrodemethylization. Table
4-2 gives stream day capacities for all process units as reported
in the refinery's NPDES permit application, as well as the aver-
age stream day throughput reported for operating days during the
60-day program. The Refinery B wastewater treatment facility and
the two EPA sample points are shown in Filgure 4-2.

*EPA has defined five subcategories of the petroleum industry
which reflect differences in wastewater characteristics.
The subcategories are: A-topping, B-cracking, C-petrochemi~
cal, D-lube, and E-integrated. The basic operations of cate-
gory B refineries include topping and cracking.
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5.0 EVALUATION OF ANALYTICAL PROCEDURES

To aid in the interpretation of data obtained during
this study, an evaluation of the analytical procedures used to
determine the priority pollﬁtant concentrafions was conducted.
The results of this evaluation are presented in this section to
put the data from .refinery influent and effluent samples in

proper perspective.

The analytical procedures are evaluated in two stages.
The first stage addresses the problem of estimating bias. Bias
is a measure of the systematic displacement of a measured concen-
tration from the true concentration or designated reference. 1In
this study bias estimates are used to interpret the average con-
centrations of priority pollutants found in the refinery waste

- - - ‘-j -‘ — - - -‘

streams. - Three types of bias were evaluated in this study:

® Recovery Bias (Internal Standard Procedure) -
Systematic differences between the measured and
spiked concentrations of labeled compounds. The
bias determined for a labeled compound should
represent the bias expected for its corresponding
unlabeled analog (i.e., the priority pollutants),
since the compounds exhibit little difference with
respect to physical and chemical properties. (The
isotope dilution technique assumes that the recovery
of labeled compounds is equal to the recovery of the
corresponding priority pollutant.)

e Between-Laboratory Bilas - Systematic differences in
concentrations reported by different laboratories
analyzing the same samples (e.g., one laboratory
reporting concentrations consistently greater than a
second laboratory). In this analysis, the Radian
result was arbitrarily designated as the reference
and the bias of the TRW results relative to the
Radian results was estimated.

25

Documents

Copyright by the American Petroleum Institute
Sun Feb 08 17:12:21 1998

Full document details: APl Publ 4346-1981 scan



http://avadocuments2026.com/doc/api-publ-4346-1981-scan
http://avadocuments2026.com/doc/api-publ-4346-1981-scan

7 puL uy3ue-81 |} 0732290 0038LAY il |

e Between Quantification Procedure Bias =~ Systematic
differences between reported concentrations made
using two different quantification procedures on the
same sample. In the analysis, the internal standard
procedure was designated as the reference and the
bias of the isotope dilution procedure relative to
the internal standard procedure was estimated.

The second stage of this evaluation addresses the
problem of estimating analytical variation (precision). The
amount of analytical variation found in the New Orleans study
provides the baseline required to assess variation in treatment
gystem performance.

This section also contains a summary of contamination
data for priority pollutants which were detected in blank sam-
ples. These data are used to assess the effect of contamination
on the concentration values reported for priority pollutants
detected in the refinery samples.

Other technical terms used in this and subsequent
gections are defined as follows:

e Percent Recovery - The measured concentration of a
spiked parameter expressed as a percent of the spike
level and given by the formula

PERCENT RECOVERY = MEASURED CONCENTRATION x 100
SPIKE CONCENTRATION.

e Within-Laboratory Precision - The variability in
concentrations resulting from random measurement
errors within a laboratory.

e Geometric Mean - A summary statistic often used in
place of the arithmetic mean when data are skewed
towards high concentrations. For the type of data
contained in this report, the geometric mean can be
thought of as a median. The geometric mean is cal-
culated by exponentiating the arithmetic average of
the logarithms of the measurements.
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Standard Deviation - A statistical measure of vari-
ability. The more variable a set of data, the
larger the standard deviatiom. -

e Relative Standard Deviation (RSD) - A measure of
variation (also called the coefficient of variation)
. which expresses the magnitude of variation in con-
centrations as a percent of the average concentra-
tion and is given by the formula

RSD = STANDARD DEVIATION x 100
' TARITHMETIC MEAN.

This measure is useful when the variability of
concentrations increases as the average concen-
tration increases. : :

e Confidence Interval - An interval placed around
parameter estimates such as mean concentration or
standard deviation to indicate the uncertainty of .
 the estimate. The more uncertain the estimate of

the parameter, the wider the confidence interval. =

Since an exhaustive statistical evaluation of the
analytical methods was not the primary purpose of this study, the
data available for method evaluations were somewhat limited. The
uses and limitations of the available data are:

e Recovery Data - Thirty deuterated compounds were
spiked into each refinery sample. The measured con-
centrations of these compounds were used to estimate
the recovery bias of the internal standard proce-
dure. Since all compounds were spiked at the same
concentration (100 ug/l for extractable organics and
20 ug/1l for volatiles), the relationship between
concentration and bias could not be evaluated. A
second limitation of this data is that only one
laboratory (Radian) provided analytical recovery
data. Thus, no data were available to estimate the
recovery bias of the TRW laboratory. '

e Duplicate Data - Eight samples (four influent and
four effluent) were separated into two portions in
the field, and both portions were analyzed for the
organic priority pollutants by Radian on the same
day. These data were used to evaluate within-
laboratory precision of the Radian GC-MS analyses.
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Since many of the pollutants of interest in this
gtudy were not detected in the four effluent samples
which were analyzed in duplicate, the within-labora-
tory precision could not be estimated for many of
the priority pollutants.

e Split Sample Data - Forty-four samples were split

and analyzed by Radian for API and by TRW for EPA.
These data were used to evaluate the bias between
Radian and TRW for the internal standard and isotope
dilution procedures. Since only two laboratories
participated in this study, between-laboratory
precision was not estimated.

Given these limitations, the evaluation of the analytical proce-

dures 1is still useful as a baseline for evaluating the magnitude

of pollutant concentrations in the New Orleans refinery samples

and day-to~day variation in treatment system performance.

The analytical data used to evaluate the bias and pre-
cision of the analytical methods are presented in Appendix D.
Detailed notes concerning the assumptions and statistical pro-
cedures used in this section and subsequent evaluations are pro-
vided in Appendix E.

5.1 Bias

Three types of blas are evaluated in this section:
recovery bias, relative biases between quantification procedures,
and relative blases between laboratories. These estimates can be
used to explaln differences in average concentrations of priority
pollutants calculated from different sets of data. For example,
1f one laboratory had a positive 30 percent bias with respect to
a second laboratory, average effluent concentrations estimated
from the data provided by the first laboratory would be approxi-
mately 30 percent higher than those estimated from the data pro-
vided by the second laboratory.,
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5.1.1 Recovery Bias

Ideally, bias of a measurement method is determined
relative to a reference method or other standard, but this was
not possible for this study. Recovery bias of the Internal
Standard Method is defined relative to the spiked concentration
of labeled compounds and estimated using the percént recovery of
the labeled compounds in this study. If the average recovery is

100 percent, no recovery bias is present.

Thirty labeled compounds wefe’spiked into each refinery
sample. Extractable organics and acrylonitrile were spiked at
100 ug/l. All other labeled compounds were spiked at 20 ug/1.
Recoveries of the labeled compounds were calculated for each sam-
ple analyzed using the internal standard quantification proce-

dure. The recovery data are contained in Appendix D.

As a first step in analyzing the recovery data, the
percent recovery was plotted versus the sample collection date.
(The order of sample anaiysis dates closely follows the sample
collection dates.) These plots are contained in Appendix E. Two
typical examples for deuterated ethylbenzene and pyrene are'given
in Figures 5-1 and 5-2, respectively. The plot for deuterated
ethylbenzene shows similar recoveries in influent samples (solid
lines) and effluent samples (dashed lines). The data at both
refineries show a positive bias among the Phase I samples. This
means that the measured concentration of the labeled compound was
greater than the amount spiked,' The plot of labeled pyrene shows

'a negative bias in recovery for most samples. The bias appears
to be greater in Phase I than in Phase II.

Although there were cases where recoveries for a spe-

cific compound differed between refineries or sampling points,
these differences were usually small relative to the change in

29

,‘

Documents

Copyright by the American Petroleum Institute
Sun Feb 08 17:12:24 1998

Full document details: APl Publ 4346-1981 scan



http://avadocuments2026.com/doc/api-publ-4346-1981-scan
http://avadocuments2026.com/doc/api-publ-4346-1981-scan

PUBL 43uk-81 ] 0732290 op3sLas ] l
REFINERY A '
200
175 l
& 150 l
g
] 126
&
. 100 l
g
& 75
w
: i
50 )= - ]
25}~ - '
ol.l ] | | | l } ] | | ] ]
7/18 7/22 7/24 7/26 7/28 7/30 9/02 9/04 9/06 9/08 9/10 9/12 I
' DATE l
4 = [NFLUENT
® = EFFLUENT I
REFINERY B
200 l
175 |- -
> 160 = /A T - l
(o] 125 |- ( \\ -
2 “ )
« 100 S, & 9
g 75} SO \ //’ o ~ '
i . A
& s50f- -
25f- - '
| L | | | | | | | ] ] |
7/18 7/22 7/24 7/26 7/28 7/30 9/02 - 9/04 9/06 9/08 9/10 9/12 .
DATE
Solid lines connact Influent recoveries. Dashed lines connect effluent racoveries. Duplicate recoverles
are plotted on 9/04 and 9/10. When duplicate results do not coinclde, the lines connect the average of the l
duplicate values.
Figure 5-1 l
PERCENT RECOVERY OF DEUTERATED ETHYLBENZENE l
30 l
Documents
Copyright by the American Petroleum Institute Document Sharing Hub

Sun Feb 08 17:12:25 1998

Full document details: APl Publ 4346-1981 scan


http://avadocuments2026.com/doc/api-publ-4346-1981-scan
http://avadocuments2026.com/doc/api-publ-4346-1981-scan

rn?aaaqn unaahéq ar

—

Figure 5-2
PERCENT RECOVERY OF DEUTERATED PYRENE
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recovery with time. Based on the time plots for each compound,
it was decided to summarize recoveries separately by phase. A
check was made for systematic differences in laboratory
procedures which could account for the differences observed
between Phase I and Phase II recoveries. Since no systematic
differences in laboratory procedures were found, the differences
in laboratory performance over time probably resulted from
laboratory instrumentation settings or response factors.

Table 5-1 gives the mean and the standard deviation of
the percent recovery for each deuterated compound. Recoveries
are summarized separately for Phase I and Phase Il samples and
for all samples combined. The mean percent recovery indicates
whether or not bias was present. Means which are significantly
greater than 100 percent indicate posgitive bias, and means which
are significantly less than 100 percent indicate negative bias.
(Analytical uncertainties in the GC-MS procedures can result in
observed recoveries which are greater than 100 percent.) Sta-
tistical tests were performed to determine which means were sig-
nificantly different from 100 percent., Compounds with signifi-
cant recovery bilas are noted in Table 5-1 with an asterisk.
These tests are presented in Appendix E.

The recovery bias gives an indication of the adjustment
to concentration level obtained through the isotope dilution
equation. When positive recovery bias is present, the average
igotope dilution concentrations will tend to be lower than the
average concentrations obtained by internal standard. For nega-
tive recovery bias, the opposite is true,

The standard deviation of percent recovery is also
given in the table. The larger the standard deviation, the more
variable the recoveries., It is important to note that even for
compounds with no significant recovery bias, the large recovery
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standard deviations indicate that recoveries substantially
different from 100 percent can occur for individual samples.

5.1.2 Relative Biases Between Quantification Procedures

As discussed in Section 3.0, concentrations for organic
priority pollutants reported in this study were calculated by two
different quantification procedures: internal standard and
fsotope dilution. The internal standard procedure utilizes
designated non-priority pollutant compounds as internal standards
for identification and quantification of priority pollutants,
whereas the isotope dilution procedure utilizes stable label

compounds.

The data from refinery influent and effluent samples
were used to determine the bilas of the isotope dilution procedure
relative to the internal standard procedure for individual
organic priority pollutants. This bias will depend on the
recovery of the deuterated compound and the difference between
the calibration curves for the two procedures. Table 5-2 lists
relative biases for organic priority pollutants which were
detected in at least 10 of the samples analyzed.

For most compounds, the relative bias between pro-
cedures remained constant at all concentration levels. This was
not the case for two compounds-=-pentachlorophenol and fluorene--
which were found to have different relative biases at different
concentration levels. The estimates provided in Table 5-2 for
these compounds are based on an intermediate concentration of
100 ug/l. It should be noted that substantial differences in the
concentrations measured by the two methods often occur in
individual samples, even for pollutants which show no bias.
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Table 5-2

RELATIVE BIASES BETWEEN QUANTIFICATION PROCEDURES

Deuteratedl Relative to Internal
Compound Spike Standard Measurements (%)
Acids:
Pentachlorophenol analog -77 @
Phenol analog +98
2,4-Dimethylphenol - Phenol +108
PNA's:
Anthracene/Phenanthrene analog : *
Benzo(a)anthracene/Chrysene analo +138
Benzo(a)pyrene Benzo%a)anthracene/chrysene +86
Benzo(b/k) fluoranthene Benzo(a)anthracene/chrysene *
Fluoranthene Pyrene *
Fluorene analog +160 @
Naphthalene analog *
Pyrene analog +41
Phthalates:
Bis(2-ethylhexyl)phthalate Di-n-octyl phthalate *
Diethyl phthalate Di-n-butyl phthalate *
Di-n-butyl phthalate analog +53
Di-n~octyl phthalate analog *
Volatiles:
Benzene analog *
Ethylbenzene analog *
Toluene analog *

Bias of Isotope2
Dilution Measurements

l 0732290 0038613 Ur

1The deuterated compound used for quantification; e.g., the quantification of penta-
chlorophenol was based on its deuterated analog; the quantification of 2,4-dimethyl-
phenol was based on its nearest neighbor, deuterated phenol.

Average Internal )
Standard Concentration/ x 100

Average Isotope ) (
2Bi{as = \Dilution Concentration/ -
Average Internal
(Standard Concentration

*Based on the analytical uncertainty, the bias was not statistically significant.
(Significance Level = .01).

@The amount of bias depends on the councentration level, The bias given here is based on

an internal standard councentration of 100 ug/1l.
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The stable label reference for each priority pollutant
considered in this analysis is also provided in Table 5-2, The
stable label reference indicates whether the deuterated analog of
a priority pollutant or its "nearest neighbor' was used to quan=~
tify the concentration of the priority pollutant. Among the acid
compounds, for example, pentachlorophenol and phenol were quanti-
fied using thelr deuterated ahalogs. However, 2,4-dimethyl
phenol was quantified using deuterated phenol, its '"nearest
neighbor."

5.1.3 Comparison of Recovery Bias and Quantification
Procedure Bias

Since the isotope dilution measurement is approximately
equal to the internal standard measurement divided by the recov-
ery of the labeled compound, the relative bias of the isotope
dilution procedure given in Section 5.1.2 should be approximately
equal to the reciprocal of the recovery bias which was presented
in Section 5.1.1. Some discrepancles are to be expected, how-
ever, since a full set of 22 gsamples were available for calculat-
ing recovery bias, but only the detected data could be used to
calculate the quantification procedure bias. For example, the
bias of the 1sotope dilution procedure relative to the internal
standard procedure for phenol is +98 percent (i.e., on the
average, phenol concentrations based on the internal standard
procedure were approximately half those based on the isotope
dilution procedure). This corresponds to the fact that on the
average, slightly less than half the labeled phenol was
recovered. Therefore, if the basic assumption of the stable
lable procedure is satisfied (i.e., that the recovery of the
compound behaves exactly like the recovery of its -labeled
analog), the procedure provides a means for eliminating bias due
to low recoveries. Since no priority pollutant spikes were done
ag part of this study, this assumption could not be verified.
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