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I o INTRODUCTION

m
The Moffett Field Quality Assurance/Quality Control document outlines
the procedures to be followed during confirmation sampling and chemical

analysis of soll and water samples collected at Moffett Field.
I

Section II of the document outlines the laboratory organization and the

QA responsibilities of the Montgomery Laboratories staff. Joan

Oppenheimer, the laboratory quality assurance officer, will be
responsible for ensuring the quality of all reported data and will

prepare the QA/QC report required upon completion of the analyses. Ken

Reich, the laboratory coordinator for the project, will be responsible

i for tracking samples, overseeing timely completion of analyses, and

acting as liason between the laboratory, project management and site

engineers thereby ensuring adequate data transfer and channels of
m communication.

Section III outlines the laboratory program for instrument maintenance

m and repair.

Section IV outlines the field sampling and field analysis procedures.

Field samples will be shipped to the laboratory the day they _re

m collected using an overnight courier service from San Jose. Water

samples will be collected and shipped in bottles and coolers supplied by

the laboratory. Soll samples will also be shipped in coolers and each

m soll sample will consist of three 6" stainless steel sleeves.

Chain of custody protocol will be followed during collection and

l analysis of samples. Details of the chain of custody procedures and
sample shipment are in Section V of the document.

Section VI outlines the laboratory's computerized sample handling and

tracking system. The laboratory coordinator will utilize this system
extensively to monitor the movement of Moffett Field samples through the

laboratory.

m
Documentation of instrumental operating conditions, stock and reagent

standardizations, analytical results, performance of quality control

parameters, and observational details and problems is part of routine

I laboratory procedures. Section VII details the various forms, logs, and
notebooks utilized to record this information.

R Section VIII outlines the glassware cleaning procedures that are

followed to insure that sample bottles and laboratory glassware are free
of contamination prior to use.

R
Section IX outlines the aspects of the laboratory quality assurance

program which cover general analytical quality control. Subsection A

lists the required analyses, number of samples, and documented

m procedures which will be used for the Moffett Field site samples.

Section X outlines specific quality control guidelines for the major

types of instrumental methods to be utilized for the Moffett field
samples.

--i--
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Section XI outlines the laboratory criteria to be used to evaluate the

acceptability of the quality control parameters. These criteria are

I used to determine the acceptability of analytical data. Any samples not
meeting the criteria will be reanalyzed.

I II. MONT(_XqERY LABORATORIES ORGANIZATION AND QUALITY ASSURANCE
RESPONSIBILITIES

The organizational structure of Montgomery Laboratories is shown in

Figure I. There are three separate analytical groups consisting of

organics, inorganics and microbiology within the laboratory, with each
group reporting to a section head supervisor to facilitate more direct

m supervisory review.

The three section heads report directly to the associate laboratory
director and laboratory director through weekly meetings scheduled to

M coordinate the workload amongst the three groups. The quality assurance
officer is independent from this direct chain of command and is

responsible for ensuring the quality of the work generated by the
i laboratory staff.

A. Laboratory Staff

m
Montgomery Laboratories has approximately 35 employees in
management, supervisory, professional, and technical positions. A

listing of laboratory personnel along with a brief description of
I each person's responsibilities is presented in Table i.

Responsibility for quality assurance is assumed by the trained bench

I analyst performing the analysis, and also by the analyst's section
head supervisor, the quality assurance officer, and the lab
director.

I
B. Quality Assurance Officer - Joan Oppenheimer

The major responsibilities of the QA Officer include:
m

I. Review of all analytical raw data.

m 2. Rejection of raw data not meeting quality control criteria and
acceptance limits.

3. Maintaining procedural write-ups and ensuring that all

m personnel working in the laboratory follow established standard
operational procedures.

m 4. Providing orientation and performance review for newly hired
personnel.

m 5. Supervising laboratory state and out-of-state certifications.

6. Submitting and evaluating blind check samples and monitoring

B long-term quality control trends.
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4 TABLE I

m

MO_Y LABORATORIES" STAFF

It

POSITIONDESCRIPTION HELD BY

I i. LaboratoryDirector Carol H. Tare 3
D. Env. EnvironmentalScience
and Eng.
M.S. Water ResourcesEng.

i B.S. Chemistry
2. AssociateLaboratoryDirector StephenC. Roeseh "1,2

M.S. Microbiology
mm B.S. Biological Sciences

3. QC Officer Joan&. Oppenheimer*2
M.S.P.H.EnvironmentalChemistry

B.A. Chemistry
4. System Manager Joh-L. Cromer 3

M.S.P.H. Environmental Chemistry

B.A. Chemistry

m 5. Marketlng/Speclal Projects Eng. Kenneth D. Relch
M.P.H. Public Health

B.S. Biological Sciences

I B.A. Social Ecology
INORIT_NICS

6. Inorganic Supervisor Andrew D. Eaton 3

i. PhD. Geochemisry

M.S. Geology,
B.S. Earth Sciences

m 7. Chief Metals Analyst Gregg L. Oelker

B.S. Chemistry

B.S. Biology

i 8. Metals Analyst Larry G. Lawren=e
B.S. Biological Sciences

9. Inorganics Analyst Joe P. l_rclnko i

B.A. Chemistry (in progress)

am I0. Technician SondraM. Magruder
A.S. Chemical Technician

ii. Technician Ingrld I. Irblnskls 2

l B.A. Microbiology (in progress)
ORGANICS

m 12. Organic Supervisor Albert R. Trussell 3
B.S. Chemistry

13. GC/MS Supervisor Robert R. Clark 3

PhD. Environmental Chemistry

I M.S. Environmental Engineering

B.S. Chemistry

14. GC/MS Analyst Patty Reilly

i A.A. Math (in progress)

I
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15. GC/MS Analyst Fong_-yl Lieu

U PhD. Environmental Chemistry
M.S. Food Sciences

B.S. AgriculturalChemistry

16. GC/MS Analyst Mike L. Zi_merman
i M.S. Environmental Science

B.S. Chemistry

17. GC, HPLC, GC/MS Analyst Bart Koch 1,2
i M.S. Environmental Science

B.S. Chemistry
18. GC Analyst Eric W. Crofts

B.S. Biology

m Minor Environmental Toxicology
19. THM, GC Analyst Jim Creen

B.S. Chemistry

20. TOC Analyst, Extraction Karen L. Prescott 1,3

Technician B.S. Biology (in progress)

21. TOX Analyst, Extraction Marsha Pearson

l Technician B.S. Chemistry

B.A. Philosophy
22. TOC, TOX, THM Analyst, Rick J. Hansen

Extraction Technician A.A. Environmental Health Safety

m 23. TOX Analyst Extraction _chelle Turner

Technician B.S. Biology

m MIC_OBIOLOCY

24. Microbiology Supervisor, Carole J. Leong 3

Support Services Supervisor M.S. Environmental Health
B.S. Bacteriology

25. Assistant Microbiology Carol Jean Belt i

Supervisor, Asbestos Analyst B.S Zoology

B 26. Microbiology Analyst Kim S. Banks 2

B.S. Microbiology

Minor Chemistry
h ADMINISTRATIVE

27. Accounting

U Assistant System Manager Barbara L. Cummins 3
B.A. Math
B.S. Business

28. Sample Tracking Elizabeth B. S,mmers 3

l 29. Sample Log-In Mary A. Augustyn
30. Sample Shipping Martha Frost

31. Secretary-Laboratory Director Linda S. Fedorovlch

m 32. Secretary-Reports Patty A. Fedorovich
33. Field Sampling Mark Augustyn

R
1 = Safety Committee

2 = Lab Mac (Management Advisory) Committee

3 = Computer Committee
M

* in front of number indicates the chairman for that committee

m
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d 7. Insuring that samples are properly stored and analyzed.

8. Insuring that sample log-in and traceability are done

correctly.

i 9. Maintaining the quality assurance policy.

C. Laboratory _ordinator - Ken Reich

The major responsibilities of the Laboratory Coordinator include:

I. Inspecting field samples upon receipt in the laboratory and
IB notifying the ESA project manager of any problems.

2. Insuring that the chain of custody log book is properly

Ig maintained.

3. Insuring timely completion of analyses and laboratory reports.

i 4. Maintaining a record of all samples received and tracking

samples through the laboratory.

D 5. Acting as liason between the laboratory and site management.

ill.  QurPsmrr
R

A. Inventory

An equipment inventory is kept and maintained by the QA officer.
i Each new equipment item over $50.00 is entered in the inventory when

it arrives. All flyers, warranties, and maintenance instructions or

agreements are filed.

B. Repair and Service

i The following instrumentation is covered under service agreements:

i. Atomic Absorption Spectrophotometer and ICP: Perkin Elmer

i 2. Electron Microscope: Zeiss

3. Computer: Hewlett Packard

i 4. GC/MS: Los Gatos

5. Balances: Weigh Tech
m

6. GC: Varian

Ilg C. Routlne gatntenance

Routine maintenance procedures are performed and documented on a

i scheduled basis for all major instrumentation.
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IV. FIELD PIU:)CEDUEES

lie A. Soil Sampltn E

One or more soil samples will be collected at each drill hole or

RI boring location that is designated for soil sampling. Samples will

be collected from the unsaturated zone near the ground surface and
at three-foot depth intervals to a depth of 15 feet. Below this

depth, samples will be collected at 5-foot intervals. Sampling of

lib soils will be discontinued when the water table is reached. Samples

will be collected by driving a modified California-type drive
sampler. Three 6" X 2" stainless steel sleeves will be collected

I for each sample. One sleeve will be designated for Inorganics and

metals analyses, one sleeve will be designated for organics analyses
and the third sleeve will be archived for possible future use. The

sleeves for inorganic analyses and archiving will be capped with

IU plastic caps. The sleeves for organic analyses will be capped with
plastic caps lined with aluminum foil.

i B. Water Sampling

Water samples for chemical analysis will be collected from

monitoring wells. The sampling procedure is summarized as follow_:

o Depth to groundwater will be measured immediately prior to

Ill sampling.

o Each well will be purged, prior to sampling with approximately

5-10 well casing volumes of water. A peristaltic pump with

Teflon tubing will be used to purge each well. At each well,
part of the purging will be effected with the intake tube near

the bottom of the well, and part with the intake tube near the

top of the water level, in order to insure that all residual
water is removed prior to sampling. Teflon tubing will be
dedicated to each well.

h o The sample will be collected using a bottom draw Teflon bailer.

o Between sampling, the bailer will be cleaned with methanol and

EE delonized water. Deionized water will be pumped through the

pump and tubing and the outside of the tubing.

o Water samples will be collected in bottles containing the

m preservatives listed in Appendix A.

o Groundwater samples collected for metals analysis will be

lib gravity filtered on-site through glass fiber filters of II cm

diameter to prevent leaching of metals from particulate matter.
Filtrate will be collected in acid-preserved plastic bottles.

m A filter blank will be analyzed with each lot of filters used.

o One site blank will be used during each sample collection.

m
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dm_ o The EC and pH analyses will be performed in the field for the

groundwater samples in order to obtain more accurate results.

U A lab representative will be on site for a one week period to

adequately train field personnel in the correct operating and
calibration procedures for the field pH and EC meters and

N probes. This training will also include discussion of protocol
that field personnel should follow if accurate calibration or

readings cannot be obtained. Field personnel will record all

am observations as well as analytical data in field notebooks.
Operation of the field pH and EC meters and probes will follow

manufacturer's instructions unless other details are provided

by the laboratory representative. The pH meter will be
i calibrated with standard pH 7,4, and I0 buffers and the EC

meter will be calibrated with standard 1M KCI solution.

R V. CHAIN OF CUSTODY

The purpose of chain of custody procedures is to provide evidence that a

bm sample has not been tampered with. This is achieved by creating an
accurate written record tracing the possession of the sample from
collection through its final analysis and possible introduction as court

evidence. Custody indicates that a sample is either in actual physigal
ms possession or locked up to prevent unauthorized access. Montgomery

Laboratories chain of custody form is presented in Figure 2.

m A. Sample Logs and Chain of Custody

The supervising engineer/geologist will log all samples as they are

acquired from wells and borings. Workorders will be filled out
specifying the sample identification written on the sample bottles
(water) or stainless steel sleeves (soils) along with the analyses

to be run on each of the samples. These workorders will be placed

$$ inside the shipping chests with the samples. Sampling information
taken from the acquisition log and the workorders will be

transcribed onto the chain-of-custody forms. Information such as

ma sample ID, time and date of collection, signature of supervising
englneer/geologist, analyses to be run and remarks will be included

on the forms. Chaln-of-custody forms will be matched to the

appropriate workorder and sealed in the shipping chests along with
I the samples.

B. Sample Shipment
m

Each afternoon, the acquired samples will be sealed in the insulated
shipping chests. Frozen "blue ice" refrigerant will be placed on
top of the samples inside the chest. The chests will be driven to
San Jose - Santa Clara Water Pollution Control Plant where a

courier, California Couriers Inc., will sign for them and then

airfreight the samples to the laboratory. The courier will not sign

ms the chain-of-custody forms. A separate log will be maintained for
the courier. Coolers will usually reach the laboratory by i0:00 am

the following day. The supervising engineer/geologlst will confirm

I receipt of samples at the laboratory.
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LABORATORIES

CHAIN OF CUSTODY RECORD

ANALYSES

Use 1 column per bottle

Project/job # i Project Name No.
!

Samplers: (SlgnaCure) of

Remarks
con-

tainers

Sea. No. DaCe Time _ _ Station Location
G t4

Zelinqulshed by: - Date/T/me Received by: Relinquished by: D Received by:

(Signature) [ (Signature) (Signature) (Signature)
!

Relinquished by: Date/Time Received by: Relinquished by: Date/Time Received by_

(Si,nature> I (Sl,nature)(St,_ture)I (Sl,nature)
Relinquishedby: Date/Time Receivedfor Laboratory Remar<s

(Signature) I (Signature) I
Figure 2
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d c. Laboratory Procedures for Custody Samples

Montgomery Laboratories has a designated locked refrigerator for
holding chain of custody samples. A log book is maintained which
contains a record of all chain of custody samples received. The

m information on the custody form is transferred to this log and the
person receiving the samples must sign the log book and the custody
forms with the date and time of laboratory receipt. Samples are

logged in and stored in locked dedicated refrigerators.
m

Lab analysts are responsible for the care and custody of the sample
once it is handed over to them for analysis. The analyst signs the

am chain of custody logbook when taking and returning chain of custody
samples to and from the refrigerator.

Vl. SAMPLECONTROLTHROUGHTHE LABORATORY
m

A. SmaplelteceIpt

D Upon arrival in Pasadena the log-in clerk inspects each sample for
broken or leaking containers and reports any damage to the

Laboratory coordinator and QA officer. They document the nature of
the damage and determine if resampling or other action _is

appropriate. The laboratory coordinator will notify the on-site

supervising geologist/englneer.

i Samples are then logged into the laboratory computer. Information

required is client name, job or purchase order number, person

requesting the analysis, when samples were collected and received,
a, who collected the samples, sample identification and parameters to

be tested. After log in, the samples are stored at 4°C and handled

according to chain of custody procedures described in Section V.

m
B. Data Validation

Following completion of each analysis, the analytical raw data and

am QC summary sheets are reviewed by the QA officer. Upon approval,
the analyst enters the data into the computer. When all analytical

results for a given sample have been entered, a report is created

g which is available for screen editing and approval by the
appropriate section head. The section head's approval of the report

is based on background knowledge provided by the lab coordinator

through the engineers and the internal consistency of all the data.

A flow diagram for sample and data management is presented in Figure

3. If the laboratory report passes the various data validation

steps the analytical report is printed. The report is checked and

signed by the section head. Prior to distribution the QA approval

is stamped on the report. The report is also forwarded to the Lab
Director for review.

m
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C. Sample Handling (STAR)

m All samples received at Montgomery Laboratories are logged into the
Sample Tracking and Retrival System (STAR) (Figure 4). This

computer program keeps track of samples from the time they arrive in
the laboratory until they are transmitted to the client. STAR

m, provides three functions:

I. Facilitates ready access to information on sample status (eg.,
m which tests are completed.)

2. Allows analysts to schedule analyses efficiently by sortlng all

m samples requiring a particular test.

3. Facilitates data manipulation and data management.

D Upon arrival, each sample is assigned a laboratory I.D. number, a
test number for each analysis requested or a profile which

corresponds to a routine group of tests such as a general mineral.

I
Individual analysts can determine what samples require a particular

test by logging into STAR and requesting those sample numbers that

D require a particular test which is still incomplete. :

Senior staff members use STAR to keep track of analyses,
periodically checking sample status to determine whether data is

m being entered in a timely fashion. In addition, STAR and associated

programs allow the senior staff to rapidly examine data for

consistency among samples and institute appropriate QA measures.

When analysts have completed a test or series of tests on a group of
samples, data are entered into the computer. Once all of the data

have been entered, they are examined by a senior staff member for

I consistency and verified. When all tests scheduled for a particular

sample are completed and entered, STAR automatically produces an in-

house report for screen mode editing. After edit approval the
D report is printed and the sample name is removed from the active

sample index and added to the sample archive index.

Additional aspects of the STAR system which promote smooth sample
flow are: (a) the production of a daily sample backlog list that

lists all samples with their due dates and (b) a rush test backlog

list to keep analysts aware of rush samples. STAR acts as an

i overall coordinating system for analysis and quality assurance (a
cradle to grave system).

/ VII. RECORDS

A. Analytical Haw Data and Quality Control Forms

m Printed forms are used by analysts to standardize the format of

routine analyses. For non-routine analyses where forms are not

available, the analyst records all required information in a
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d notebook and turns in the copy page to the QA officer for review.
The forms are designed to minimize calculation errors and provide a

i summary of all quality control data generated for the run. Separate
forms are available for the following parameters or instrumental
methods:

is BOD

CFA (Continuous Flow Analyses)
Carbamates

R Color

Colorlmetric (COD, Hexavalent Chromium, Paraquat, Silica,
Surfactants, etc.)

m Conductivity
Fluoride

GO/MS
Gravlmetric (VSS, TVS)

m Hazcat (CN, S=, Ignltability, pH, metals screening)
Herbicides

Ion Chromatography

Mercury
Metals
Odor

Oil & Grease

i Organochlorine Pesticides

Organophosphate Pesticides and Triazines

pH
i Pesticides/PCB's

Radioactivity
Radium

w Solids (TDS, TSS, TS)
Sulfide
THM/ChlorlnatedOrganicSolvents(COS)
Titrlmetrlc

i TOC

Turbidity

h, The forms are presented in Appendix B. Analysts are responsible for

maintaining quality control forms for their assigned analyses. The
QA officer maintains a central file with copies of all raw data and

m qc forms generated by the analysts for ease of access in case
clients request the quality control data for their samples at a
future date. These forms are actively maintained for a minimum

m period of 3 years, then sent to a storage facility.

B. Laboratory Notebooks

m Each analyst maintains his or her own laboratory notebook which is
used to record data and perform calculations for non-routlne

analyses where worksheets are not provided. The laboratory notebook

is also used to document peripheral information not directly
m required on a worksheet.

R
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C. Graphs and Charts

i Each analyst is responsible for plotting and filing analytical
standard curves. Graphs and charts which are produced as part of a

final report are filed with the report. Graphs and charts are

submitted to the quality control officer for review with the raw
data and qc forms.

D. Inventory Control Loss
I

Records are maintained on the purchase of laboratory supplies,

detailing the vendor, purchase order number, date of order, and date

B of receipt. Consumable supply forms are also maintained for most
analyses to ensure adequate stock inventory and uniformity of

supplies. (Appendix C). Bottles of reagents are dated as soon as

m they are received so that the shelf llfe can be monitored.

E. Stock Standard Logs

R A log book is maintained for each analytical stock standard. Each
log contains the date of fresh stock preparation and the result of

the comparison between the old and new stocks as outlined in Section

m (IXD) of this Quality Assurance Document. '

F. Reagent StandardizationLogs

R Log books are maintained for all standardized reagents which are not

prepared fresh for each run but are instead periodically
restandardlzed. Restandardization is performed once a month and the

new standardization factor is recorded in the log along with the

date and the analyst's initials. More frequent standardization may

be required for certain reagents if a consistent quality control

m problem occurs.

C. Instrument Logs

m The operating temperatures of incubators, waterbaths, hot air ovens,

and refrigerators are checked daily and logged in the maintenance

log book. Adjustments are made when necessary. Autoclave

m temperatures and pressures are logged in the maintenance log book
for each cycle of use.

A separate log book is maintained for each analytical instrument.

This log contains a record of daily instrument checks which are

performed to verify proper functioning of instrument mechanics and

to check performance on standards and reagent blanks. The log also
m contains a record of the dates when routine instrument maintenance

is performed, a description of any problems found, and the analyst's
initials. If the instrument is not performing according to

m specifications, the appropriate instrumentation specialist must be
called in to perform the necessary repairs which is also noted in

the log book.

I
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VIII. GLASSWARE
4

Selection of the appropriate glassware cleaning procedure is dependent
on the particular analysis a piece of glassware is to be used for.

A. PreliminaryCleanlnEm
All glassware is inltially washed in a laboratory washer with
distilledrinse capability.This glassware is acceptablefor use in

i analysis of most inorganic constituents in the mg/l concentration

range. The surface of adequately cleaned glassware will drain in a

uniform thin film. The formation of droplets upon drying is an
indication that the glassware is not clean and must be rewashed.

m Calibrated glassware such as pipets and volumetrics is completely

dried and cooled to room temperature before they are put away.

R B. OrganicConstituents

Glasswareto be used for determination of organicconstituentsis
m baked at 350 degrees C for at least 8 hours in order to remove any

remaining organic residue.

C. Trace Metals
Im

Glassware to be used for trace metal analyses is soaked overnight in

4N HNO3 followed by 4-5 deionized water rinses. This glassware is

m stored separately from the regular glassware and should only be

handled with polyethylene gloves.

m D. Crease

Glassware to be used for determination of oil and grease or any

glassware contaminated with grease is soaked in acetone or warm

sodium hydroxide followed by an acid rinse and then washed in the
usual manner.

IX. GENERALANALYTICALQC

A. Use of Docemented Procedures

All routine procedures are documented in analytical procedures

wrlteups. These procedures were prepared from several approved
sources: the 16th edition of Standard Methods for the Examination of

I Water and Wastewater, the 1983 edition of EPA Methods for the

Examination of Water and Wastes, the 1979 edition of the Federal

Register, SW 846 (2nd ed.), and California Assessment Manual (1980).

i If an analyst must deviate slightly from the established procedure
because of an unusual matrix problem, these deviations are carefully

described in the analyst's notebook. The methodologies and
references used for routine analytical parameters are presented in

m, Appendix D.

m

-10-
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m

Confirmation analyses will be performed according to the methods
referenced in Table 2.

m

B. Raw Data and Calculations Documented

m Raw data and calculations are legibly inscribed in the analyst's raw
data and quality control form or lab notebook to enable subsequent

review by the QA officer. If the QA officer does not approve
results, the analyst is notified, the probable source of error

discussed, corrective action is taken, and the samples are

reanalyzed.

m C. Routine Instrument Maintenance

Instrument performance is evaluated before analysis of samples by

checking the calibration and evaluating instrument response on a
b, series of standards and a reagent blank. The results of this

performance evaluation is documented on the raw data forms for

review by the QA officer. Routine instrument maintenance is also
i performed periodically.

D. Verification of Standards

m All stock standards have specified holding periods which are

outlined in Table 3. Analysts may not extend these holding times

unless they can successfully demonstrate stock stability over longer

U periods of time to the QA officer. When a new stock standard is
prepared, it must be cross-checked against the old one before it can
be used. The old stock standard and a new stock standard of the

same concentration are analyzed in triplicate. If the difference

between the means of these triplicates is greater than 5%, another

stock standard is prepared and these three standards are compared.

h If the old stock standard is suspect, the freshly prepared standard
is compared against a known quality assurance sample such as those

provided free of charge by EPA. All standards are labeled with the

date, concentration, and preparer's initials. Any preservatives or

m special storage procedures which are required to maintain the

integrity of a standard are specified in the lab writeup for that

procedure. Organic stock standard solutions are stored in organic

m free 3 ml amber vials with teflon seals and stored at -20 degrees C
until use.

m

n
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d TABLE2

D METHOD REFEEENCESFOR SOIL AND WATER A}[ALYSES

ANALYSIS GROUNDWATER S01L

m

Method #Ssnples Method #Samples

l Antimony EPA 204.2 117 SW 7041 40
Arsenic EPA 206.2 117 SW 7060 40

Berryllum EPA 210.1 117 SW 7090 40

I Cadmium EPA 213.1 117 SW 7130 40
Chromium EPA 218.1 117 SW 7190 40

Copper EPA 220.1 117 SW 7210 40
Lead EPA 239.1 117 SW 7420 40

B
Mercury EPA 245.1 117 SW 7471 40
Nickel EPA 200.7 117 SW 6010 40

Selenium EPA 270.2 117 SW 7740 40

m Silver EPA 272.1 117 SW 7760 40

Thallium EPA 279.2 117 SW 7841 40

Zinc EPA 289.1 117 SW 7950 40

I
Priority Pollutant EPA 624* 144 SW 8240* 63

Volatile Organics

U Priority Pollutant EPA 625 144 SW 8270 40
Neutral and Acid

Extractables

m

Priority Pollutant EPA 608 24 SW 8080 30

Polychlorinated

i Biphenyls

Organic Lead DHS 15 DHS 23

Nitrates EPA 353.2 21 ....

or EPA 300

m Total Kjeldahl EPA 351.2 21 ....
Nitrogen

Total Organic Carbon EPA 415.1 21 ....
m

pH EPA 150.1 Field EPA 150.1 69

(i:i0 slurry)

EC EPA 120.1 Field ....

* modified for capillary columnm

m

-12-
m



m

h

TABLE 3

m HOLDING_ FOR STANDARDS

STOCK STANDARD CONCENTRATION HOLDING TIME

R Metal > I0 PPM 6 months

i - I0 PPM 60 days

Anions 60 days

Nutrients 60 days

Cyanide 60 days

Phenol 60 days

Color 60 days
EC 60 days
Volatile Organics 3 months

Non-Volatile Organics 6 months

E. Blanks

I At least one reagent blank is performed with each set of samples :

analyzed. For manual non-instrumental analyses such as

gravimetry and tltrlmetry, one reagent blank per set of samples

R is sufficient unless the sample load is greater than 50. For
manual and automated instrumental analyses, a reagent blank is
run after every I0 samples.

For low level organic analyses, a laboratory water blank is
analyzed to check for artifacts from the TOC, GC or GC/MS system

and for the presence of impurities in the water blank which make

g it unsuitable for standard preparation. Field blanks are also
analyzed for organic analyses. With each set of travel blanks

sent out, a stationary travel blank is kept in the laboratory
for analysis to demonstrate that the water sent out was free of
contamination.

F. Duplicates
h

The precisionof an analytical method is determinedby running
10% of the samples in duplicate with the exceptionof GC/MS

B samples which are run every 5%. For analyses requiring
extractions, a duplicate is run for each set of samples

extracted. Duplicate results are recorded on the quality
control form for each analytical run. Duplicate agreement must

b fall within the range specified in the method writeup or be
within +/- 10% if a range is not specified. All samples which

are sandwiched between two unacceptable duplicates are
m reanalyzed.

m -13-
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G. Spikes

The accuracy of an analytical method is determined by running
10% of the samples with a standard spike addition with the

exception of GC/MS samples which are run every 5%. For analyses

requiring extractions, a spike is run for each set of samples

extracted. Spike recoveries are recorded on the quality control
form for each analytical run. Spike calculation worksheets are
available which take into account the volume dilution effect of

I the spike and calculate the actual recovery of the spike rather
than the recovery of the spike + sample value which could lead

to misleading recovery results if the spike value was less than
m 50% of the sample value. Spike recoveries must fall within the

range specified in the method wrlteup or within 80-120% if a

range is not specified. All samples falling on either side of

g an unacceptable spike are reanalyzed.

H. Outside Reference Samples

i A known reference sample, such as those available from NBS, ERA

and EPA, is run with each set of analyses for metals,
inorganlcs, and organics and the true value and measured result

D are both recorded on the quality control form. If an outside
reference sample is not available, a separate stock standard is
utilized. The measured value must be within 10% of the true

I value.

I. Detection Limits

Appendix E contains a paper outlining the different statistical

definitions and analytical procedures for obtaining instrumental

detection limits, method detection limits, and quantltation

limits.

Due to the wide diversity of sample matrices analyzed in the

laboratory, a statistically derived method detection limit based
m on 3 times the standard deviation of 7 low concentration (2-10

times the calculated detection limit) replicates cannot be

calculated for every sample which gives a non-detected response.

m Instead, default detection limits statistically obtained for

water and soil samples are used or modified to more conservative

values if less optimum precision or matrix interferences were

m observed while running the samples. It is the laboratory's
policy to err on the conservative side when reporting a method

detection limit on a non-detected sample.

011 J. Standard Curves

Several standards are run for each analysis to cover the

analytical range of the method. The llnearity of the standard
curve is verified and recorded by calculating the correlation

coefficient or averaging response factors and calculating the %

RSD for the average.

-14-
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K. Significant Figures

i All reported analytical data are reviewed by the section heads

and QA officer for the correct number of significant figures.

The QA officer receives the raw data, calculations, and method

precision data for review to verify the validity of the reported
n_nber of significant figures.

L. Eppendorf vs. Volmmtric Pipets
m

Dilutions of samples, stock standards, and external QC samples

may be made with Eppendorf pipets only if the precision and

accuracy of the pipet has been verified by weighing out 7 DI
water replicates and calculating the mean and standard

deviation. On an adjustable Eppendorf pipet, this check must be

made at 3 or 4 settings which cover the range of the pipet. All

I of this information should be recorded as part of the QC.

X. ANALYTICAL TECHNIQUES AND METHOD SPECIFIC QC
U

This section details quality control practices required for each

type of analytical method which will be utilized for analysis of the

I Moffett Field samples.

A. Cravimetry

I o Use desiccators of sufficient size and limit the number of

samples placed in them so that the samples will be at room

temperature at the end of the specified drying period.
m

o Maintain the temperature of the drying ovens within the

specified limits of the required drying temperature.

le
o Maintain a regular maintenance program for the analytical

balance and the oven and make sure they are properly

calibrated by checking with Class S weights and NBS
B certified thermometer.

o If the working range of the method is exceeded, the

i procedure is repeated because the amount of residue will be
so great that it is likely that water will be entrapped and
not completely driven off during the drying period.

B o The dessicant and silica gel kept in the balance are

changed when the materials become hydrated.

m B. Colorimetric Spectrophotometry

o The alignment of the cell holder and light source is

I periodically checked.

o Use a minimum of four standards, equally spaced over the
concentration range to calibrate a spectrophotometer in the

D absorbance mode.

i -15-
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d o Record the absorbance readings for each set of standards
run on the raw data form. Subsequent standard absorbance

values must be within I0 percent of the previous documented

values. If they are not, a problem exists either with the

performance of the spectrophotometer or the accuracy of the

standard solutions. Determine the source of error and take
corrective action before any samples are analyzed. A

gradual decrease in absorbance values from week to week is
probably indicative of a deteriorating standard or the

m initial stage of lamp failure.

o The rate of color development and color stability of

l spectrophotometric procedures varies considerably. The

allowable time interval for reading the absorbance of the

sample is specified in the procedure and must be rigidly

R adhered to in order to obtain accurate results.

o The stability of the spectrophotometer should be checked by

measuring a blank and a calibration standard after every

am tenth sample. If baseline drift has occured or the

standard absorbance value has changed by more than 2%, the
instrument is recallbrated and all samples reanalyzed since

the last acceptable calibration check. If the color '
complex is unstable, sufficient standards are prepared in

the order in which they will be read so that a standard can

be inserted after every tenth sample.
im

o Some water samples have a natural color or turbidity which

absorbs appreciably at the wavelength used in the analysis.

m If the sensitivity of a procedure is sufficiently high, it

is usually possible to minimize this interference by

diluting the sample. If the sensitivity is not adequate to

m permit sample dilution, the turbidity or color interference
is corrected for by reading the absorbance of the sample

carried through the procedure with the exception of the
addition of the indicator reagent. This absorbance reading

D is then subtracted as a blank from the absorbance reading

of the sample.

l C. Atomic Absorption Spectrometry

o The sensitivity of each element is recorded to detect

mm deficiencies in the instrument or operating conditions.

o Each time the instrument is calibrated, the absorbance

reading of the top standard is recorded on the raw data

D form. If subsequent standard readings differ by more than
10% from the previous readings, a problem exists either

with the operational settings, the performance of the

instrument, or the accuracy of the standard solution.
Corrective action is taken before analyzing the samples. A

gradual change in the standard absorbance readings from day
to day is usually indicative of an instrument maintenance

problem such as a dirty nebulizer system, a clogged burner.
the initial stage of lamp failure or an instrument part
malfunction.

I -16-
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d o Reagent blanks followed by a calibration standard are run
for each metal determined with a frequency of 10% and the

i sample values are corrected for baseline drift. If there
is a difference of over 20% from the initial standard

reading, the instrument is recalibrated and all samples

that were analyzed after the last acceptable calibration
check are reanalyzed.

m o If the recovery of a spiked sample is not within +/- 20%
of the expected value, the sample is either reanalyzed, or

analyzed by the method of standard additions. When using

the method of standard additions, a linear curve over the

i entire range of addition is necessary for the results to be
considered valid.

i o At least one known reference sample is analyzed with every
run to verify the accuracy of the results. The value
obtained for the reference material should fall within 2

standard deviations or 10% of the theoretical value. If it

I doesn't, corrective action is taken and all samples
analyzed since the last acceptable reference value are

reanalyzed.

O. Gas _r_tggraphy

m o For all analyses, a laboratory water blank is analyzed to
check for artificates from the GC system and for the

presence of impurities in the water blank making it

unsuitable for standard preparation.
m

o An initial standard curve is run for pesticides,

herbicides, and carbamates,and the response factor of daily

i single standard calibrations are compared to the average
response factor from the standard curve. If the %

difference exceeds 20%, a new standard curve is run and a

new average response factor is calibrated. A record of

D each standard curve is kept in the QC files.

o Standards are analyzed daily for each routine analysis.
i Standards are extracted along with the samples to ensure

adequate recovery. Proper instrument sensitivity and

stability are determined by comparison of performance with

m earlier weekly calibration curves. Significant deviations
from previous quantitation curves not directly attributable
to instrument adjustment requires running a complete new
set.

D

o Duplicates and spikes for assessing precision and accuracy

are determined by carrying the duplicates and spikes

m through the extraction procedure as well as the

instrumental analysis.

m -17-
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d o A record of the average internal area count for each

analysis set utilizing an internal standard is kept in the
m GC Instrument Log.

E. Gas Chrmsatrography/]_ass Spectrometry
m

i. GC/MS Tuning Specifications

i The mass spectrometer must be shown to be properly tuned
during each daily shift. This insures that the masses and

abundances which the data system determines are accurate.

The EPA has suggested criteria for tuning the GC/MS with

W two standard compounds; Decafluorotrlphenylphosphine
(DFTPP) and l-Bromo-4-fluorobenzene (BFB). This data is

presented in Table 4. Tuning results must be turned in to

R the QA officer on a daily basis. An example of tuning form
for BFB is presented in Appendix F. The QA officer

maintains these results in a central QC file.

m The following settings are maintained:

o Emission Current: 0.5 ma
I o Electron Energy: 70 ev

o Electron Multiplier: 1000-2000 volts as required for

sensitivity

o Dynodes: 3000 V

The GC/MS is calibrated when needed daily with FC43 gas to

obtain a millimass defect of less than or equal to 20
i millimass units. The calibration is verified with the FIT

program to an RMS error of less than 4 percent.

i The instrument zero is checked using the zero control and

adjusting as necessary to provide a minimum background
electrical noise.

R

i

i

D

m

W
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TABLE 4 

DFTPP KEY IONS AND ION ABUNDANCE CRITERIA * 
Mass Ion Abundance C r i t e r i a  

51 
68 
70 
127 
197 
198 
199 
275 
3 65 
44 1 
442 
443 

30 t o  60 percent  of mass 198 
Less than 2 percent  of mass 69 
Less than 2 percent  of mass 69 
40 t o  60 percent  of mass 198 
Less than  1 percent  of mass 198 
Base peak, 100 percent  r e l a t i v e  abundance 
5 t o  9 percent  of mass 198 
10 t o  30 percent  of mass 198 
Greater than  1 percent  of mass 198 
P resen t  but  less than  mass 443 
Greater than  40 percent  of mass 198 
17 t o  23 percents  of mass 442 

1 

I 

* Federal  Reg i s t e r  Vol. 4 4 ,  No. 233, D e c .  3, 1979. I) 

BFB KEY IONS AED ION ABUNDANCE CRITKEIA ** 

Ion  Abundance Criteria Mass 

50 
75 
95 
96 
1 7  3 
174 
175 
176 
177 

L 15 t o  40 percent  of mass 95 
30 t o  60 percent  of mass 95 
Base peak, 100 percent  r e l a t i v e  abundance 
5 t o  9 percent  of mass 95 
Less than 2 percent  of mass 174 
Greater than  50 percent  of mass 95 
5 t o  90 percent  of mass 174 
95 t o  101 percent  of mass 174 
5 t o  9 percent  of mass 176 

Ir ** Methods f o r  Organic Chemical Analysis  of Municipal Wastewater. 
1982. EPA-6007H-82-0057, U.S. Environmental P r o t e c t i o n  Agency. 

2. C r i t e r i a  €or I d e n t i f i c a t i o n  m 
The primary use of a GC/MS is t o  i d e n t i f y  compounds f o r  
which t h e  r e t e n t i o n  t i m e  and mass s p e c t r a  a r e  not  w e l l  
known t o  t h e  opera tor .  This  is accomplished by performing 
a l i b r a r y  sea rch  us ing  t h e  EPA/NIH l i b r a r y  of mass spectra 
and comparing these  t o  t h e  unknown. The l i b r a r y  sea rch  
program g ives  f i v e  o r  t e n  of t h e  "best  f i t s " .  The b e s t  
f i t s  are determined by comparing t h e  top  e i g h t  mass 
fragments i n  t h e  unknown t o  t h e  s p e c t r a  i n  t h e  l i b r a r y .  
The program matches t h e  mass numbers and t h e  abundances a t  

L 

I 

4 

Y 
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4 each mass number to those in the library. The program
returns the possible identifications along with the numbers

I which can be used by the MS operator to determine the

quality of the identification. The fit is the degree to

which the peaks and intensities in the unknown match those

i of a particular compound in the library. A perfect match
would be I000 or 1.000, depending on the software. A fit
of 850 or 0.850 is the minimum used for identification.

Identifications assigned solely on the basis of computer

R library search matches are considered tentative until
actual standards can be obtained and run for verification.

i 3. Quantitation of Identified Compounds

The calibration procedure for GC/MS is based on the EPA

guidelines for contract lab work. A five point standard
calibration curve is run for several representative

compounds. Eleven compounds are calibrated for a VOA

analysis and eight compounds are calibrated for a BNA

D analysis.

For each of the calibration compounds, a response factor

m (RF) is calculated at each standard concentration. An
average response factor and % relative standard deviation
(% RSD) is then calculated for the five standard
concentrations. The % RSD must be less than 30 for the

calibration and each concentration response factor must be

greater than or equal to the average RF of the lower
concentration standards to be considered adequate for

W quantitation.

If the % RSD exceeds 30 for any of the compounds, the

D average RF and % RSD is recalculated omitting the top or
two top standards to see if a narrower linear range can be
demonstrated. If the RSD still exceeds 30, corrective

actions are taken and the calibration repeated before any

m samples are run.

On subsequent analysis days following an acceptable

I calibration, a i0 PPB standard containing all of the
compounds is run. The response factors of the calibration

compounds for this i0 PPB standard must not differ by more

than 25% from the average response factor for the

B calibration curve. If it is exceeded for any of the

compounds, the instrument is recallbrated by running new

five point standard curves for the representative

I compounds. Furthermore, any time a sample is found to

contain a compound other than one of the calibrated

compounds at a concentration greater than I0 PPB, linearity

must be demonstrated by running a higher concentration
standard or rerunning the sample diluted to a value below

i0 PPB.

D
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4. Internal Standards (IS)

i An internal standard is run with each of the 5 calibration

standards and the area counts are recorded on the same form

as the response factors. Any standard that has an internal
i standard area count beyond + 20% of the average internal

standard area count for all-- 5 standards must be rerun to

meet this criteria. The internal standard area counts are

i also recorded for all samples. Any sample with an IS count
beyond + 20% of the average IS counts for the standards is
rerun.

EB 5. Sample Reruns for VOAAnalyses

Samples for VOA analysis are collected in 2 separate

am headspace-free 40 ml amber vials preserved with sodium

sulflte and mercuric chloride. Collection in 2 separate

vials enables the analyst to rerun a sample if the result

i is outside of the linear range.

6. Duplicates and Spikes

m A duplicate and spiked sample is run during each daily _
shift to quantify precision and accuracy. This corresponds

to a frequency of 5% for duplicates and 5% for spikes.

W
The criteria for acceptance of duplicate and spike results

for VOA and BNA analyses is as follows:

i VOAAnalysts

o Duplicates must agree within + 25% of the average of the
two values unless the values are less than five times the

detection limit value in which case agreement must fall
within 100%.

m
o Spike recoveries must lie within 60-140% for raw water

samples and 40-160% for wastewater and soll samples.

i BHAAnalysis

o Duplicates must agree within + 30% of the average of the

if two values unless the values are less than five times the

detection limit value in which case agreement must fall
within 100%.

Ig
o Spike recoveries must lie within 50-150% for raw water

samples for BN analysis, 40-160% for raw water Acids

analysis, and 20-180% for wastewater and soils for both BN

i and Acids analyses.

II
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d 7. Blanks

II o A laboratory distilled water blank is always the first

sample analyzed to demonstrate that the system is free from
contamination. If the blank result indicates

I contamination, the system is cleaned out by running
additional water blanks or if necessary, removing the

purging device and washing it with a detergent solution,

l rinsing with distilled water and baking out impurities.

o A VOA travel blank will be collected and analyzed with each

daily shipment of samples.

el

F. Total Organic Carbon (_)C)

ml o Prior to analysis of samples, an instrument calibration
standard is analyzed in order to update the instrument
calibration factor and to determine instrument performance.

The uncalibrated instrument response factors are recorded

II on the raw data and quality control form for TOC analysis.

o Between each ten samples at least three standards and the t
II laboratory water blank are analyzed in duplicate.

o All samples are analyzed in duplicate. If the net values

of the duplicates are not within 10% of one another, a
iN third replicate is analyzed.

o Samples are diluted to fall within the linear range of the
Im standards.

o Every twentieth sample is spiked and recoveries must fall

II within 80 - 120%.

o Every day a five point standard curve is run by spiking

reagent water with five different concentrations of

I potassium hydrogen phthalate. This curve is submitted with

the raw data and quality control forms.

Im o An external EPA QC sample is analyzed with every run.

XI. Quallty _surance Evaluation

ms A. Record of Quality Control Data

Quality control parameters are incorporated into the raw
II data forms available for most routine analyses. Each

analyst is provided with forms covering his or her area of

responsibility. All of the forms utilized by the

laboratory are presented in Appendix B.

ml



m

m

The qc information required on the forms are the results of

duplicates, spikes, external QC, blanks, dates of stock and
D working standards, statistical evaluation of the

calibration curve, and specific data on instrument settings

and parameters. Every analyst is required to complete a

m form with each analytical run and submit the completed form
to the QC officer for review. Approved forms are then

filed in a central location to provide a permanent record
of quality control.

D

The acceptable limits for the duplicates, spikes, and
blanks recorded on these forms are specified in most of the

m method writeups. If specific limits are not specified, the

following default values are used:

m o 80 - 120% spike recovery

o + 10% agreement on duplicates

i o blank values <10% of sample values

o external QC within the acceptance range provided
0

U with the standard (usually 2 standard
deviations) or within 10% of the true value.

B. Evaluatlon of Linear RegresslonDatan

o The absolute value of the intercept must be <10% of the

lowest sample value.
n

o The range of standard concentrations must cover the range

of the samples.

m
o Any sample value above the top standard is diluted and

rerun.

D o The correlation coefficient must be at least 0.996.

o The concentration of the external QC standard must be

D within the range of the sample concentrations.

C. Evaluation of Smaple Prep Error

m
o The accuracy of sample preparation or dilution is checked

by running at least one standard through the identical

procedure.
B

o If a run contains a large number of dilutions, duplicates

are run on separate dilutions.

m,
o A DI blank is run through the procedure to check for

contamination.
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D. Evaluationof In-houseBlindCheckSamples

i Check samples are purchased or obtained from outside
laboratories such as EPA, NBS, and ERA and submitted as blind

samples to the analysts on a quarterly basis. All results from

i these check samples are kept in a central quality control file

maintained by the Quality Assurance officer. Any unacceptable

performances are fully investigated and the cause of the problem

i solved before any additional samples are analyzed.

E. Participationin StateCertificationPrograsm

i Montgomery Laboratories participates in laboratory certification

programs with California, other states, and EPA. The state of

California requires seml-annual analysis of check samples for
M the California Title 22 regulated drinking water constituents

for drinking water certification. The laboratory analyzes check

samples for drinking water constituents from several other

states as well. A list of states in which Montgomery
i Laboratories is currently certified can be obtained from the

Quality Assurance Officer.

U Montgomery Laboratories also participates in the nationwide EPA

Water Pollution Performance Evaluation Studies and has applied

for the newly legislated California Hazardous Waste Testing

m Certification program.

F. ConsistencyCheckof SampleParameters

m Wherever a sample is analyzed for enough analytical parameters

to allow for internal consistency checks of these parameters,

the checks are reviewed by the appropriate section head (e.g.

i are the values for total constituents greater than dissolved

constituents; is the TKN value greater than the NH3 value, etc).

If these internal consistency checks are not met, the sample is

m reanalyzed until consistency is achieved.

G. MonitoringLoneTermTrends

m All QC data is stored in a central file and is available for

monitoring long term qc trends for each analysis. Although data

from each analytical run is verified daily by acceptable

i performance on external check samples and duplicates and spikes

and blanks, long term monitoring indicates gradual deviations in

a single direction and is also useful for tightening up

i rejection criteria.

The QA officer is responsible for summarizing the qc data in the

form of control chart data and determining any increase in

variability or upward or downward trends. The QA officer

utilizes this data to detect problems with standards, reagents,

instrument calibration, or analyst performance.

I
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MONTGOMERY LABORATORIES
SAMPLE BOTTLE SIZE AND PRESERVATIVES

AnaIusis Container TUpe Size Preservative Closure

BNA (2 bottles)
BN Amber glass 2 liter l ml Na BulPite/ Nard Cep v/Teflon Liner

) ml HgCI2
Acids Amber glass 2 liter 1 ml Na Sulfite/ Herd Cap w/Teflon Liner

2 ml H2S04
Carbamate Pest (2 btls) Plastic I liter none Plastic
Organo-P Pest, Triazinos Amber glass 2 liter none Hard Cap u/Teflon Liner
Herbicides Amber glass 2 liter 1 ml Na SulPite / Hard Cap w/TePlon Liner

2 ml H2504

Pentachlorophenol Amber glass I liter O. 5 ml Ne Sulfite/ Hard Cop w/Teflon Liner
1 ml H2S04

Pesticides/PCBs Amber glass 2 liter 1 ml Na SulFite Hard Cap w/Teflon Liner

THM Amber glass 125 ml 4 drops Na 5uIFite Septum
TCE Amber glass 125 ml none Septum
PCE Amber Glass 125 ml none Septum
THM, PCE. TCE (ONE BOTTLE) Amber glass 125 ml 4 drops Na SulFite Septum

TPTHM 6-point, also called 1PTHM curve (2 bottles)
TPTHM Amber glass 2 liter none Hard Cap w/Teflon Liner
Bromide Plastic 60 ml none Plastic Cap

TPTHM 1 point Amber glass 1 liter none Nard Cap w/Teflon Liner
geosmin/MIB Amber glass 250 ml I ml HgC)2 (O.01Z) Septum
DHAN Amber glass 125 ml none Septum
Potential DHAN's ] pt. Amber glass I liter none Hard Cap u/Teflon Liner
EDB°DBCP Amber glass 500 ml none I Nard Cap _/TePlon Liner

Closed-Loop Stripping, Amber Glass 3-500 ml 1 ml HgCI2(O. OIZ)/ Septum
2 bottles 10 drops Na Sulfite

geosmin/MIB Amber Glaus 550 ml I ml HgCI2 (O.01X) Septum

TOC Amber gla_s 135 ml 8 drops H2SO4 Septum
TOX Amber glass 250 ml 4 drops.H2S04/ 8eptum

2 drops Na SulFite
VOA (2 btls) Amber Olass 40 ml I drop Ne Sulfite/ Septum

3 drops HgCl2 (O. 01X)
High Volume VOA, 2 bottles Amber Glass 2-500 ml 1 ml HQCI2 (O.OIX)/ Beptum

10 drops Na sulPite

Soils glass I/_ pint none Hard cap
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MONTGOMERY LABORATORIES
SAMPLE Bii_Tt_E SIZE AND PRESERVATIVES (continued}

Analgsis container Tgpe Siz_ Preservative Closure

general Mineral (2 bottles)
Anions Plastic 500 ml none Plastic Cap
Cations Plastic (acid washed) 500 ml 2 ml HN03 Plastic Cap

Heavg Metals Plastic (acid washed) 500 ml 2 m] HN03 Plastic Cap
Nitrate Plastic 125 ml none Plastic Cap

Nitrate (aFter 14 days) Plastic 125 ml 4 drops H2S04 Plastic Cap
Nutrients Plastic 125 ml I0 drops H2S04 Plastic Cap

TKN
NH4(ammonia)

P (phosphorous)
Phenol gl_,_ _0 ml I ml H2S04 Plastic Cap
general Physical

(Odor, Color, Turbidity) AmbPr Ol_s 500 ml none Hard Cap w/TeFlon Liner
Odor Amber gla_s 500 ml none Hard Cap w/TeFlon Liner
Taste glass (_terilized) 250 ml none Hard Cap

Cganide (CN) Plastic 60 ml 5 drops NaOH/ Plastic Cap
3 drops Na SulFate

Oil & grease glass I liter 4 ml H2S04 Plastic Cap
Fluoride Plastir bO ml , none Plastic Cap

Radioactivity (2 bottles) Plastic I liter and 2 ml HN03 Plastic Cap
Plastir 125 ml , none Plastic Cap

COD Pla_tit 125 ml 8 drops H_S04 Plastic Cap

SulFide Plastic 60 ml 5 drops Zn Acetate, Plastic Cap
drops NaOH

Silica, Low Level or Trace Polgpropylene 250 ml none Plastic Cap
Silica High Level Plastic _0 ml none Plastic Cap
Settleable 5glads Plastic 1 liter none Plastic Cap

Trace Anions PolypTopglene 250 ml none Plastic Cap

Trace Cations Polypropylene _50 ml none Plastic Cap
Low level Sodium (Na) Polypropglene 250 ml none Plastic Cap

Soils glass 1/2 pint none flied Cap

MPN Plastic(sterile) 1_5 ml Na thiosulFate, Plastic Cap k Sterile Indicato_
autoclave

Asbestos Plastic (sonicated) I liter none Plastic Cap
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ABI803 CARBAMATEDATA OC

NCL£ENT Date sampled
Date received

LABORATORY# Date extracted
II Date analyzed
SAMPLE ID

Matrlx: water,wastewater
_'est # Report#

soil, sludge,other

_olumn VYDAC C18 REVERSE PHASE Initial vol/wt }
og # Final volume: 1 ml ' !

Run # Final solvent-'meJ=_mmoz'-/_OV '
_ilutlon Units: uq/l, mg/kg :

MDL same or

Result: all ND other

m
SAMPLE STANDARD ;

I2mpound RT AREA RESULT RT AREA CONC
MEI_OMYL

_IENOMYL

LDICARB

CI_ BARYL

u
DIURON

C_,PC

E_v?C(EPTAM )

0_kMYL

m

m

m
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It E It It it If It f t' at It It | If I If it I II
! INITIALCALIBRATIONDATA

VOLATILECOMPOUNDS

CalibrationDate: Instrument:

I I I I I MEAN
J Compound i RF 2 J RF 5 RF i0 I RF 20 I RF l RF I % RSD
J I f I i
I Chloromethane I I ] ] ]
I ' I I
J Vinyl Chloride L [ I
i I I
1 l,l-Dichloroethene I I I I

J l,l-Dichloroethane [ [ I I I
I I I I
I Chloroform I I i 1 [
I I I i
I 1,2-Dichloropropane I I I
f I
J Trichloroethene J
I I I I
i Bromoform [ I i ] [
i I i
I l,l,2,2-TetrachloroethaneI, J I I
I I
1 Toluene J J J
t i I
I Chlorobenzene [ I _ I I
i I i
I Ethylbenzene J [
I I I
I Tetrachloroethene I I I :
I i I I
I l,_,l-Trichloroethane I I I I
I I I I I
I i i i I I
I i I I i
I I I I I
Notes :
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ContintJin 9 C_fibration Check
tL Vola_kl HSL Compounds

CaN No: C41_'lhom Date "

lB. C._or: Tie.n:

Ccx'_trocl NO !.J_<)rlllOC'y IO

k'4_un'mnt _) initial _librlt0on Dote

i
Mira,mum RF for SPCC ,; 0.300 Maximum %0 fo_ CCC m 25%

Comp_ 1111 RFSO _ D CCC I;PCC

il, o,.,',omer"_ ,'_

lie 4**t,,,_*_ C_Io,m
l.ce_ohe

Ca_o^ D,s_,oe

C_lO_.o_orm *

V,mf Jl_€llIl to

1, 2-O,cme_oo-o_e_e * ;

iii I_0,=,,.,

I1,€._0(0_ m • •

,_ l,!l s II"+0,'s41

i_ _ P_orO0_'_lll'tl • •

Sn_'e_e

In

RF .A_lqle Item_ee ;K_O_ _em ,_,o, r..J_l_'et,o+',,Form %/I CCC ._,o,,Wet,_'_ C_ C4.qoov,_ls (.!

lw

B

¥o_ Vll. _utluuing Calibration Da_a - Vola_iles

m

B-49 .5/8_,

/I
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CLIENT CLIENT ID LAB ID DATE ANALYZED

[4ATERMATRIX SPIKE/MATRIXSPIKE DUPLICATERECOVERY

I t NEAT I CONC. I I I
FRACTION l COMPOUND i SAMPLE I SPIKE CONC. I % CONC. I % I RPD

I ] ¢0NC. I ADDED (uq) MS l REC DUP ] REC I
I I I I t

V0A I l,l-D1chloroe%hene l J iO [ I [
I I I t i
] TrlchlorQe_b_D_ I i i0 [ I t
I I I I I I
I Chlorobenzene I I _Q I I I 1

I I I I I
Toluene 1 t _0 [ I I I

I I I
Benzene I I0 1 I I

I I I
I Chloroform _0 1 I I ] 1 J

I I I
B/N I 1,2,4-Trlch_oro_en_en¢ !0 1 I I 1 I

I I
I Acenaphthene I0 I I I I

I I
1 2,4-Dinltroto_uene i0 I I I I

i I
lDl-n-Butvlphthalate i0 I 1 I I

I I I
Pyrene I I0 I I 1 l

I I I
N-Nitroso-Di-n-Propylamlne I i0 I I I I

I I I
1,4-Dlchlorobenzene I I0 I 1 I I

! I
ACID 1 Pentachlorophcno_ I0 I I I

I I
I Phrngl _0 I 1 I
I I I
I 2-Chlorgphenol I _0 I I I
I I I
l 4-Chloro-3-Methvlphenol I _0 I I : I
I I I I
I 4-Nltrophen9_ I I0 I l

Comments:
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H.".--I:.AT ( (:N(21 ',, S, 68 ), 161'4( 188 ), PH( 55 ), META LS( 16 9 ) ) _'

ANALYST _ DATE I#:-;AMP:];__ !#DIJPS iP__OF

SAMPLE : SOL(S) i CN SCREEI'I : :_:;SCREEN : I:,H :IONIT,'ABILtTY METALS SPOTi COMMENTS

:13_"L IQ(L ):pyr'idir, e L,arh ;Pb .".,::et paper i i e:_:pi,:s, P-r...1,coiorimelric :

spot test Sl:ot test flmY_e test sp,z,t................ : .............. : ............ .... ..; .................... : ......... ; ............. "... : ........................ : .....................................

i i (pos, It, r,eg )i (I::.ns, tr, neg )i i (neg, ':'F, poe ) (pos, tr, rleg )i

/

.

, .

........................ [ .....................................

6

U ....

In " ' '

dUp ..... •
12

13

14

15

16 ! i i ! i i i
i ' i : : ' '1 i' . i 1 . . :

.................. i .............. : ................. i ..................... : ......... : .................... : ..................... : ....................................
18 -

19..............i.............i..........................................i.........i....................i.....................i....................................
.................. ................ : ................... : ..................... : ......... : .................... : ..................... : ....................................
20 • •
...........................................................................:.........:....................:.....................:..............................-......

'POSITIVECONTROL RESULTS

i;_;:i_OO_LiEi..............i...................::.....................i.........i....................i.....................i.....................................

RE:30if........i..............i............. ....................::.........i....................i.....................i....i ...............................
.... .............. :: .............. _ .................. _ ............. ...... _ ......... _ ............... ..... _ ..................... F'..°,."i=P.'3.$.i.t.i._'.e, .................

.NOte.:...Be._':'.r.e.!!?.r"e.p.e£!..a.!)p,.:,,si !i,t,.e._.,..No.t.e.t.e.chn.i._.,.!.e...u.?.e.`d .f.o..r'..i.gr,!t.a.b"!] !t)'1.!es!........... i!.r..=.! !-;,3.ce.......................
For ignitabilitv, b,,'.fl,.lme test : r ,_c,-,r.,_l__ ::l,.qtaos >140F if nea. or <1,t0F if poe. irmeg=negative
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HERBICIDE DATA QC

1LIF24T Date sampled
Date received

".4_ORATORY# Date extracted
m Date analyzed
SAMPLE [D

Matrix: water,wastewater
est# Report#

1 soil, sludge, other
Analysls/conflrmatlon

Initial vol/wt
lll_lumnDB-5, DB-1701 Final volumez 5 ml
Log # Final solvent: toluene
"_n # Units:%_]II, mg/kg

l_lUtlon MDL. same or

Result: all ND

I other

SAMPLE STANDARD
_mpound RT AREA RESULT RT AREA CONC

,4-D

_,4,5-T

: [LVEX

l

I

i

I

I "

I

i

I

I
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ION OHROMATOC,RAPHY

_,NALYST !DATE : :!EC:_ : iPRESS_ : :: : : :: iP__ of :.................._ ...........................................:.....................---:_........:...................................:...........::.........:.............:...........::...........................----7.......:..............
_$A_'IF'LES_ i# DUPS_# SPIKES__ i:SCt/C1 RETENTIONTIME iSCALE. COLUMN_ ::
.............................................................................................................................................................................. :_ ........ _............. _........... : ..............

iDATE WORKINGSTD_A"_I.F.JL.ES..................... IipATE.S.TOCK..S.TP.................... :..............................................................ii .........:............ i...........ii .........!.............:...........i..............
;T[JCK STO CONCENTRATION(MOIL): 25 F, 1000 CL 25 BR 100 NO3-N,2000 S04, NO2-N, __iOTHER : ::......................................................................... !......... .q........................................._ .......................................................... :;......... :............. :..........._.............

i!ELEMENT iELEM£NT !iELEMEN/ !ELEMENT !ELEMENT !COMMENT_

_.A.MP_E......ii_!!"(.'_:'!.:.':O_.).iim_.0.s.i...£0._.c....i._.ePP.';t.!i.'._e.0_.i..£0._.€....I.RePP.r.t.ii_e.a.s.....£0._.9....i.R_p.er_iime.o._.i...c.91.9....i.R_RPr.tii.':':'eas,i...c_!c...!.R_P0.rt...............
..__..._!O._ii_.t_l.?ito!.;v£!il ......... i....m..o/]...!..rrtg./!..i! ......... i...m.9./]...i..._.tg./]..ii ....... rag/1 : m tJ :: : mg/I : mg/I :: : rrig/1 : m /1:.............:.....9.....::.........:.............:...........::.........:.............:.....9....................
!.................ii........i..........ii.........i.............i..........._.........i.............!...........ii.........i.............i...........ii.........i.............i...........ii.........!.............!..........................
.................. :: ........ : .......... ;: ......... : ............. : ........... :: ......... _............. : ........... :: ......... : ......................... :_ ......... : ............. : ........... :: ......... : ............. : ..........................

:: :: : :: .. :: .. :
.................. ::........ :..................... _............. :...................... _............. : ...........::......... :......................... :: .........:............. :........... :: .........;............. :..........................

.................. ::................... :: ......... :......................... ;:......... :............. _ ...........:;......... :......................... :: .........:............. :........... ;_......... :............. :..........................

............................ :..........::......... :............. :........... ::......... :.................................... :.................................... :............. ;........... :;......... ;............. ;.........................

.................. :: ........ : .......... :: ......... : ............ : ........... :_ ......... ; ......................... :: ....................... : ........... :: ......... : ............. : .................................... : ........................... ., ..

.................. ;:................... ;;......... ;............. :........... _:......... :............. :...................... :......................... :: .........:............. :...................... :.......................................

.................. :_........ :................................... :........... ::......... :............. :........... ::....................... :........... ::......... :............. :...................... :............. :..........................

.................. :: ........ : .......... :: ......... : .................................... : ......................... :: ......... : ............. : ........... :: ......... : ............. : ........... :: ......... : ............. _........................

10 :: :: : :: :: : ii :: :
.................. :: ........ _.......... :: ....................... : ........... :: ......... : ............. : ........... ;: ......... : .................... , ............... : ............. : ........... :: ......... _........................................

11 ii i il ! i ii ; i !i i : !i i i !i i i
..................::........:..........::.........:.............:...........::.........:.............:...........::.........:.............:...........::.........:.............:...........::.........:.............:.........................
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WATER/WASTEWATER SOIL/SLUDGE

1
Alkalinity EPA 310. I

Aluminum ZOO.7 (ICP) SW 6010 (ICP)

l Ammonia 350.1

Antimony 204.2 7041

1 Arsenic 206.7 7060

Asbestos EPA INTERIM BY TEM TEM

Barium 200.7 6010
1

BNA (GCIMS) 625 8270

Beryllium ZI0.I 7090
m

Boron 200.7 6010

BOD SM 507

1 Cadmium 213.1 7130

Calcium 215.1 USGS ;

1 Cazbamate Pesticides 63Z (HPLC) HPLC
Chloride 325.2OR IC Fusion

Chromium (Total) 218.1 71901
Chromium(+6) Z18.4 7196

COD SM 508
1

Copper ZZ0.i 7210

Corrosivity SW 846

1 Cyanide 335.3 9010

EC 120.I 9050

1 EP Toxicity SW 846

Fluoride 340.2j3or IC Fusion

1 Hardness SM 314.A

Herbicides SDWA 8150

Igniteability SW 846

Iron Z36.1 Flame AA

Lead 239.I 7420

1 Magnesium 242.I FlameAA

Manganese 243.I FlameAA
me

/
m_

1
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If

WATER/WASTEWATER SOIL/SLUDGE
i

MBAS tiM 51Z A

I Mercury Z45.1 7471

Molybdenum Z00. 7 6010

U Nickel 200.7 6010
Nitrate 353.Z or IC

Oiland Grease 413.1 SM 503 D
m

PCB's 608 8080

Pesticides/PCB's 608 8080

m Pesticides/Herbicides
(SDWA) 600/4-81-053 ,

6

t Ph 150.1 9045
Phenol 420. I 4Z0.1

O-Phosphate 365.1
W

Polynuclear Aromatic
Hydrocarbons 610 (HPLC)

Potassium Z58.I Flame AA

Selenium Z70.Z 7740

I Silver Z7Z.l 7760
Sodium Z73.1 USGS

Solids- Total 160.3 SM 160.3
i

Solids- Total Volatile 160.4 SM 160.4

Solids- Suspended 160.Z

I Solids- Dissolved 160.1

Strontium 200.7 6010

i Sulfate 375.2Or IC Fusion

Sulfide 376.2 9030

Temperature 170.1

Thallium Z79.Z 7841

Tin Z00.7 60I0
i

Titanium 200.7 6010

W

i
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4
WATER/WASTEWATER SOILISLUDGE

m

Total Organic Carbon 415 415

Total Organic Halogen 450.1 90Z0

Trihalomethanes 501 .Z

m Vanadium Z00.7 6010

VOA (GC/MS) 6Z4 8Z40

m VOA in air by Tenax
Trap-GC/MS

Zinc 289.1 7950

Im

Organic Vapors in Air

II Tenax Trap - JMM Method (Appendix D)

Charcoal Tubes - Solvent Extraction-GC/GCMS

m Supelco Adsorbent Tubes - Supelco :

EPA 6000, 7000, 8000 series from "Test Methods for Evaluating Solid Waste'_
EPA SW-846, July 198Z

EPA XXX.X series from "Methods for Chemical Analysis of Water and Wastes',
EPA-600/4-79-0Z0, March 1979

SM is from Standard Methods for the Examination of Water and Wastewater_
m 15th Edition, 1980

USGS "Methods for Determination of Inorganic Substances in Water and Fluvial
Sediments", 1979

/
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w

m
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DETECTION LD,ilTS IN WATER QUALITY ANALYSIS

I

Joan Oppenheimer
Senlor Chemist

m

Rhodes Trussell, Ph.D
Vlce President

Montgomery Laboratories
Pasadena, Ca. 91107

m

The detection limit (D.L.) of an analytical method defines whether

the analyte ts present or absent in a measured sample. A uniform
protocol for determining detection limits is important whenever
trace level analyses are being performed. A review of the
literature tn several scientific disciplines indicates a general

g state of confusion over D.L. terminology and definitions.
Instrumental D.L.'s are frequently used lnterchangeably with method
D.L.'s and the confidence levels used to calculate D.L.*s differ

widely and are not always reported along with the calculated D.L. :
value. D.L.'s are based on 2, 3, or 6 times the standard deviation

of the blank or low level sample slgnal and llmlts of quantification

range anywhere from 3 to I0 times the calculated D.L. Some analysts
are not aware of the distinction between the limit of detection and

the limit of quantification while others confuse detection limits
with the concepts of sensitivity and confidence levels. Sample

matrix effects are sometimes ignored when determining the method
DoL. and there is confusion over the appropriate number of replicate
blank or low level sample determinations required to estimate the
D.L.

I

The water industry does not currently have a standard protocol for
determining D.L.'s even though the industry is particularly prone to

W the problems arising from the lack of a uniform definition. Several
constituents are known to cause health effects or a reduction in

aesthetic quality when present tn potable waters at concentrations

approaching the detection limits of the best currently available
analytical methodologies. Examples are the current need to monitor
for ng/L levels of the algal metabolttes methyllsoborneol (MIB) and
geosmln which have very low threshold levels for taste and odor and

If the proposed EPA llmlt of 0.5 mg/L for chlorlte and chlorate

followlng use of chlorine dioxide for disinfection. Constituents
such as EDB and TCE have federally regulated action limits at or

qlm near the reported D,L.'s of many commercial water laboratories.

m

W



m

m This paper reviews the ]tterature on deflnttiono and procedure0 for
the determination of D.L.'s, summarizes the concepts that have been

developed, and emphasizes the need for a practica! protocol for the
water industry to follow. Several key papers (I,2,3,4,5,6)onm
detection 11mlt protocol have been presented by the chemlstry

community but the use of non-uniform termlno]ogy and incomplete

coverage ol all three types ol D.L.'s (instrumental, methodD and

llW quantltatlve) by any one paper makes it dlfflcult to draw a single
unified theory out of these works. A coherent summary will be

presented here in the interest of cJarlfylng this important Issue.

I
Instrument and method D.L.'s are both defined by the statistics of

hypothesis testing. The hypothesis to be tested is whether the

analyte signal is distinguishable from the blank signal. The
U instrument D.L. deals with the question of determining whether an

observed signal has been caused by a real signal or is only a random
fluctuation of noise from the blank. The method D.L. deals with the

I question of estimating the minimum true signal that a completely
specified measurement process must yield in order to obtain an
observed signal large enough to be detected.

Hypothesis testing is always subject to two types of error. The
alpha error occurs whenever the stated hypothesis is believed to be
true when in fact it is false. This corresponds to assigning an :

observed signal to the analyte when it is caused by the blank. The
beta error occurs whenever the stated hypothesis is considered to be

false when in fact it is true. This corresponds to assigning an

;M observed signal to the blank when it is caused by the analyte. The
instrument D.L. deals with the alpha error and establishes criteria

for determining whether an observed signal is far enough away from

W the mean of the blank stgnal to be assigned to the analyte with a
high level of confidence. The method DoL. encompasses both the
alpha and beta errors and requires an observed signal even further
away from the mean of the blank signal before the signal can be
assigned-to the analyte with a high level of confidence.

The concepts of the instrument and method D.L.'s and the alpha and
B beta errors are depicted graphlcally in Figures I and 2. Most

analytes obey a classlc Gausslan distribution when the observed

signal is plotted against its frequency of occurence for multiple
determinations. If a sufficient number of replicate measurements is

made, the bell-shaped curve of Figure l is obtained with the mean of

the data representing the signal with the highest frequency of
occurence and the spread of the data about the mean being described

If by the standard deviation of the data. The area under the curve
represents all possible values for the sample. The true mean and
standard deviation of the entire population of replicates is

D represented by the symbols u and o. For a finite number of
repltcates_ the population mean and standard deviation must be
estimated as the mean (XB) and standard deviation (SB) of the finite

m replicates.

g
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LIlS_AL D.L.

If the curve of Figure I is taken to represent the distribution for

U replicate analyses of a blank sample, the instrumental D.L. ls
obtained by selecting a signal which ts a sufficient number of
standard deviations away from the mean to minimize the area under

the curve to the right of the signal. This area represents the
D possibility of committing an alpha error which would mistakenly

assign a signal caused by the blank to the analyte. Variable "k" in

Figure l represents the number of standard deviations to be used.

II The decision of how many standard deviations to take is dependent on

the required level of confidence against committing an alpha error,
whether the distribution is truly Gausstan, and the number of

D replicates analyzed. There has been a great deal of confusion In
the literature over whether to take 2 or 3 times the standard

deviation of the blank replicate determinations to represent the
instrumental D.L. If it is known that the distribution is Gausslan,

N and the blank is well known from historical data or a large number

of replicates, 2 standard deviations wlll provide sufficient

confidence. Since many low level environmental samples do not obey

a Gausslan distribution, 3 standard deviations are needed to provide
adequate confidence. The value of 3 rather than 2 has been strongly
recommended by IUPAC, the ACS Subcommittee on Environmental

Analytical Chemistry, and others to insure adequate confidence In ;
m

case the distribution Is not truly Gausslan.

HRTIIODD.L.

g

Figure 2 Is provided to clarify the distinction between the
instrument and method D.L. and contains Gausslan distributions for

replicate analyses of low level samples in addltlou to the Gausslan
distribution of the blank. For the method D.L., the beta error must

be minimized to the same extent as the alpha error. The signal

level at the instrumental D.L. does a good job of minimizing the

II alpha error, but the probability of committing a beta error is still
50Z (area beneath the second bell curve to the left of stgual XL¢
lu Figure 2). This indicates that at the Instrumental D.L., there

W is sttll a 50% chance of not detecting an analyte when it is
actually present. In order to minimize the beta error to the same
confidence level as the alpha level, a signal must be chosen which

IIW Is 3 standard deviations away from the mean response of the
replicate low level samples. The method D.L. is therefore defined
as the mean of the replicate blank signals plus 3 times the standard
deviation of the low level replicate determinations.w
If it is known that the standard deviation of the low level samples
is the same as the standard deviation of the blanks, then the method

I D.L. reduces to 6 times the standard deviation of the blank

replicates. On the other hand, if the blank for an analytical
procedure is well known from a long history of observations, the
standard deviation of the blank will be negligible in comparison to
the standard deviation of low level replicates and the method D.L.

M
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I

m can be estimated by measuring at least 7 replicates ol a sample

containing l-5 times the expected method D.L. and uslng student's t-
test to obtain the factor by which to multlp]y the standard

l deviation. For the case ol 7 replicates, the t value lor a 99Z

conlldence level is approximately 3 which indicates why 7 replicates

was chosen as the minimum acceptable number ol replicates. The

analyte level ol the 7 replicates must fall within the range of I-5N
times the calculated method D.L. In order for this D.L. value to be

valid. D.L.'s are a measure of analytical precision and precision

improves as signal levels increase. For thls reason, analyte levels

U in the 7 replicates must not be slgnlflcatnly higher than the

calculated method detection limit. If they are, the precision wll]
appear better than It really is, samiler standard deviations will be

1 calculated, and the method D.L. determined wlll be too low to

provide adequate confidence against alpha and beta errors.

1 QUANTITATIVll D.L.

The method D.L. determines the minimum signal level required for

detection by a specified analytlcal procedure at a confidence level

1 of 90I or better. A higher signal is required however, before the
analyte can actually be quantified. The signal level at which an
analyte can be quantified as well as detected is referred to as the

1 determination limit or the limit of quantification (LOQ). Thls ;
signal level Is defined as I0 times the standard deviation of the

low level samples used to determine the method D.L. A value of IO

is chosen because it corresponds to an uncertainly of plus or minus

1 301 in the measured slgnal since the distribution of possible
slgnals about the defined slgnal of lO times the standard deviation

is plus or minus 3 standard devlaitlons at the 99Z confidence level.
m

A summary of the different regions of detection defined by the

instrument D.L., the method D.L., and the LOQ is presented in Figure

1 3. The region from the blank slgnal to the Instrumental D.L. ylelds
unrellable detection because of the hlgh risk of an alpha and beta

error occurring. The region from the instrumental D.L. to the

method D.L. still provides unreallable detection because of the hlgh

l risk of a beta error occurlng. Detection Is possible in the region
between the method D.L. and the LOQ but only of a qualitative

nature. Only the region beyond the LOQ provides adequate confidence

W for quantitative analysis. Measured values falling below the method

D.L. should be reported as *'Not Detected" or "Not Quantifiable" with

the D.L. given In parentheses. Values between the method D.L. and

1 the LOQ should be reported but the the method D.L. should still be
provided in parentheses. Ouly values above the LOQ should be
reported without the accompaniment of the method D.L. If this
reporting system is too cumbersome, then at a minimum, the

m definition used to calculate the D.L. should be reported along with

any value lying below the LOQ. At the present time, many labs give

deflated estimates of method D.L.'s by mistakenly reporting the

1 instrument D.L. and most labs quantify data falling above the method
D.L. but below the LOQ.

1
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1

Regulatory limits are being set at lower and lower concentration
levels for a variety of constituents. Without the adoptat|on of a

1 unt_orm protoco] for laboratories to follow in defining their
D.L.'s, a laboratory°s reported value of ND for a regulated

constituent will have little meaning in determining compliance. If

a laboratory is determining their D.L. Incorrect]y or reporting
1 their instrumental D.L. as their method D.L., then the possibility

exists for a laboratory to indicate compliance when the measured
constituent is actually over the regulated limit. To ensure that

1 the decision of regulatory compliance does not arbitrarily fall Into
the hands of the laboratory performing the analysis, it ts vital
that the water industry adopt a standard D.L. protocol for the

i industry to follow.
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Kci ._

_L

Frequencyof
Occurence 1-

Signal

X'B XLC

Detection LimitSignal = XLC =/L + Kd = XB + KSB

XLC -XB = KSB

Figure 1 Definition of Instrumental D.L.
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Frequency

Signal

_B XLC XLD

INSTRUMENTAL: XLC-_e' = Decision Limit = K(_OB = K _t'So

METHOD : SLD - XB = Detection Limit = XLC + K/_ CILD

Figure 2 Destinction Between
Instrumental & Method D.L.'s



• • | I | | | | E | | i | | | | | | |
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decideIf Indicatelevel

detected) at whichfuture
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qualifyas
detected)

Figure 3 Different Regions of Detection





I
ass List Data: VO524dUN85C # 752 Base m/z" 95
6"_4/85 9:53:00 + 12:32 Cali" VO524dUN85C # 2 RIC" 18944.

a_le" 10 PPB VOA STANDARD
on_- DB-5 CAP COL 35 - 200'C @ 4' MIN

4
37 0.00 0.00 O. Minima Min inten" O.

U 177 # 0 Maxima
Mass % RA X RIC Inten.

_.20? 7.01 1.53 290.
38.23? 6.84 1.49 283.
_9.29"7 3.02 0.66 125.
___.18? 7.69 1.68 318.

187 12.31 2.69 509.
45.25'7 1.55 0.34 64.
7. 14? 2. b8 0.59 111.

_.23? 7.91 1.73 327.
50.18"7 24.13 5.27 998.
-1.16? 8.53 1.86 353.

05-? 1.98 o.43 82.
_1.15? 4.81 1.05 199.
_q, 09"? 3.75 0.82 155.
3.14"7 4.18 0.91 173.

_. 13"7 I0. b9 2.33 442.
69.09 10.15 2.22 420.
3. 13 4.79 1.05 198.

_. 11 16.88 3.68 698.
75.13 50.10 10.94 2072.
_5. 15 4.04 0.88 lb7.

.01 5.66 1.24 234..03 5.27 1.15 218.
87.08 3.48 0.76 144.
3.04 4.09 0.89 169.

_.02 3.43 0.75 142.
93.09 5.10 1.11 211. APPROVED
-€.12 11.19 2.44 463. QC OFFICER

gS.11 100.00 21.83 4136.
96.09 7.21, 1.57 298.
I_0.02 1.35 0.30 56.
1 3. 11 1.50 0.33 b2.
1_4.00 55.22 12.06 2284.
174.98 3.87 0.84 lbO.
1 b. O0 53.38 11.66 2208.
117.03 2.93 0.64 121.

1
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1
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