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The obj ec t ive of Me t calf & Eddy's quality assurance program 

is to e nsure that al l measurement, data gathering, and data 

generation activities yield data that are of adequate quality for 

the intended use. The key to achieving this objective is the 

successful implementation of a project specific Quality Assurance 

Project Plan (QAPP) for all such activities. 

This document constitutes a site speci f ic QAPP for the 

Closure of Nine Burning Pads at the Seneca Army Depot (SEAD) in 

Romulus, NY and specifically addresses Quality Assurance (QA) 

issues for field sampling at the SEAD site . This report outlines 

the procedures and methods anticipated to be used during the 

sampling episode by Metcalf & Eddy, Inc. and its 

subcon tractors. This site specific QAPP supplements Metcalf & 

Eddy Standard Operating Procedures (SOP'S) by providing QA 

objectives, specific sampling procedures, sample custody protocol 

and analytica l procedures that are unique to the sampling effort 

at the SEAD site. 

This QAPP has been prepared according to guidelines in 

Contract No . DACW41- 86 - D-0112, Closure of Nine Burning Pads, 

Seneca Army Depot, Romulus, NY, and in the COE document 
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-ER-1110-1-263, "Engineer ing and Design, Chemical Quality 

Management -- Toxic a nd Hazardous Wastes"; December 30, 1985, and 

"Sample Handling Protocol for Low, Medium and High Coricentration 

Samples of Hazardous Waste"; October, 1986. 
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The U.S. Army Corps of Engineers (ACOE) has contracted 

Metcalf & Eddy, on behalf of Seneca Army Depot (SEAD), to prepare 

a Closure and Post Closure Plan for permanent closure of nine 

open burning pads located in the Demolition Ground of SEAD. 

This plan presents procedures which will be followed by 

Metcalf & Eddy while performing on-site investigations as part of 

the Closure and Post Closure Plans for SEAD . The evaluation 

falls under the Defense Environmental Restoration Program (DERP) . 

The Seneca Army Depot is located near the town of Romulus, 

New York, east of Seneca Lake, west of Cayuga Lake and 

approximately fifty miles southeast of Rochester (see 

Figure 3.1) . The ninety- acre Demolition Ground is located in the 

northwest section of the installation . The burning pads are part 

of this area and have been in use since 1941 (see Figure 3.2). 

Seven of the nine pads are used for the open burning of 

pyrotechnics, explosives and propellants (PEP) that have been 

declared obsolete or off- specification . The other two pads are 

used for the burning of explosives- contaminated packing material . 

The U.S . Army Environmental and Hygiene Agency (USAEHA) has 

supervised several studies pertaining to soil and water quality a t 
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three pads; B, F, and H. Since seven of the pads have had 

identical operations, it is assumed that results from these three 

pads would be representative of conditions on the other four 

pads. Similar, but reduced levels of contaminants would be 

expected at pads G and I where only explosives-contaminated 

containers have been burned. 

The open burning area is currently operated under RCRA 

Interim status. It is the intent of this project that the pads 

be permanently closed. Containment and closure- in- place is the 

Army's method of choice. 

The Closure and Post Closure Plan will be supported by 

existing soil and water quality data and additional data provided 

by Metcalf & Eddy's field investigation. The field investigation 

will focus on the installation of six new shallow groundwater 

wells and the collection and analysis of groundwater samples. 

The six new wells will be used later for post - closure groundwater 

monitoring. 

9 
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Figur e 4 .1 presents the QA Organization Chart f or this 

project and identifies the individuals responsible for each 

element of the overall program. The key individual responsible 

for Quality Assurance is the QA Project Officer, a full-time 

professional reporting directly to the Corporate QA Manager who 

is the Senior Vice President of Metcalf & Eddy with Corporate QA 

responsibility. Mr. Jeffrey Worthington, Senior Chemist in 

Metcalf & Eddy's Chemical Waste Management Group, will be QA 

Project Officer for this study. Analytical results are reported 

directly to the QA Project Officer who reviews the data and 

provides it to the Project Manager and the project engineer. The 

Project Manager for this evaluation is Mr. Steven Smith, P.E., 

Hazardous Waste Management Division. 

The Project Engineer will be responsible for overseeing the 

implementation of the QAPP objectives while conducting the field 

investigations and sampling episode and reports directly to the 

Project Manage r . For the specific sampling episode at the Seneca 

Army Depot, Ms. Deborah Simone, project engineer in Metcalf & 

Eddy's Hazardous Waste Managemen t Group, will be charged with 

overseeing all on- site activities. 

1 0 
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Various professional staf f members will wo r k on- site du r ing 

the field sampling po r tion of this project . At this time, the 

exact s t aff members to be assigned to this work cannot be 

identified. However, at the request of the ACOE, names and 

resumes of the staff members to be involved can be provided for 

review approximately 14 days before site- work is scheduled to 

begin. 

The subcontract laboratory, which will provide analytical 

services during the Closure and Post Closure Plan field 

investigation, will be Weston Analytics of Lionville, 

Pennsylvania. Weston is to provide Metcalf & Eddy with 

environmental analysis services together with technical support 

in the application of the chemical data produced. 

Figures 4.2a and 4.2b depict the reporting responsibilities 

of key individuals within the Weston laboratory. 

Resumes of key individuals that will take part in analysis 

of samples generated by this study are contained in Appendix 

A- 1 . Example data sheets and a descriptive list of Weston 

facilities and equipment are included in Appendices A- 2 and A- 3. 
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QA Project Officer - Jeffrey Worthington, Senior Chemist, 
Metcalf & Eddy, Inc. 

• Reports to Metcalf & Eddy, Inc. Corporate QA Officer 

• Reviews and approves QAPP 

• Performs performance and systems audits of field 
sampling and chemical analysis activities 

• Reviews and approves all laboratory measurement data 

• Responsible for preparation of QA reports to management 

Project Manager - Steven Smith, Metcalf & Eddy, Inc . 

• Reports to Vice President, Hazardous Waste Management 
Division, Eastern Region 

• Reviews and approves field operating procedures 

• Assures that approved procedures meet project objectives 

• Coordinates field activities with QA Project Officer 

• Responsible for implementation of recommendations made 
by QA Project Officer 

Site Engineer - Deborah Simone, Metcalf & Eddy , Inc . 

• Reports to Project Manager, Metcalf & Eddy, I nc . 

• Responsible for collection of representative samples 
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• Assures that samples are collected in accordance with 
approved QA/QC procedures 

• Assures that all documentation of field sampling 
activities is complete and accurate 

• Records and reports any problems or changes associated 
with field sampling activities to the QA project officer 

Weston QA Project Manager - D.S. Therry, Weston Analytics 

• Reports to QA Project Officer, Metcalf & Eddy, Inc. 

• Approves all Weston Quality Assurance documents 

• Performs audits of Weston laboratories to verify 
compliance with the Quality Assurance Program 

• Verifies completion of corrective action cited in audits 

• Acts as the collection point for proposed changes in the 
Quality Assurance Program and initiates changes in the 
program 

• Maintains current Weston distribution lists for QA 
documents 

Weston Section Managers - Weston Analytics 

• Reports to QA Project Officer, Metcalf & Eddy, Inc., and 
Weston Project Manager 

• Implements the Quality Assurance Program within the 
Weston Laboratory 

• Periodically determines effectiveness of the Quality 
Assurance Program in the Weston Laboratory 
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• Supervises Quality Control activities in the Weston 
Laboratory 

• Approves laboratory- specific attachments to the Quality 
Assurance Project Plan 

• Recommends to the Quality Assurance Manage r changes in 
the Quality Assurance Prog r am 

• Approves all reports issued by Weston laboratories 

• Serves as the "focal point'' for the reporting and 
disposition of all nonconformances 

• Maintains current laboratory organization charts. 

Weston Quality Control Coordinator 

• Supervise the log-in of all samples received, completes 
chain of custody, and mainta i ns sample log books 

• Pr epare Quality Control standards, insert Quality 
Control samples into the laboratory sample stream, and 
analyze results 

• Perform statistical analyses utilizing results of QC 
sample analyses 

• Inform the Laboratory Manager and/or his designated 
representatives of data which lies outside of acceptable 
limits 

• Notify the Laboratory Manager and/or his designated 
representatives of out-of-control situations 

• Report nonconformances to the Quality Assurance Manager 
if the situation is not corrected within the laboratory 

17 
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• Conducts and evaluates results of system audits 

• Train Analysts in Quality Cont r ol p r ocedures 

• Oversee instrument preventive maintenance schedule 

• As necessary, discuss with the Laboratory Manager 
unresolved nonconformances brought to the Quality 
Assurance Manager's attention by a Quality Control 
Coo r dinator 

• Reviews program plans for consistency with 
organizational and contractural requirements and will 
advise personnel of inconsistencies . 

18 
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All sampling methods described in this section are standard 

Metcalf & Eddy project-specific SOP's based on recognized ACOE 

protocols. USEPA procedures are used if ACOE protocols do not 

cover specific activities. 

5.1 Selection of Sampling Locations 

Sampling locations for groundwater samples are shown in 

Figure 5.1. These samples include: 

• Seven (7) groundwater samples from existing monitoring 
wells 

• Ten (10) groundwater samples from newly installed 
monitoring wells 

These locations were selected after a review of site 

background data, geologic maps, and an initial site visit by 

Metcalf & Eddy, Inc. personnel on November 9, 10, 1987. 

The wells were sited to determine general site groundwater 

flow directions, characterize background groundwater quality at 

the site and assess groundwater quality downgradient from the 

open burning pads . Additionally, the ten newly installed wells 

were sited for post closure groundwater monitoring. All but one 

of these wells will be down gradient from the open burning pads. 

19 



JOO 

FIGURE 5 . 1 
Section No . 
Revision No . 

5 
0 

MONITORING WELL AND SAMPLING LOCATIONS Date : April 12, 
19_8_8 __ .. 

- ASPHALT PAVEMENT 

SHALE 8ASE ROAD 

-- 11() --- S FOOT INTERVAL COHTOJR 

- - - - 112 - - - - 1 FOOf INTERW.l CONTOUR 

l2U $POT ELEVATlONS - CULVERT PIPE 

- - OtRECTION Of' SURFACE DRAINAGE 

Page 2 of 16 
NOTE:S· 

1. Elevations are based upon an assumed elevation or 
100.00 teet bcated on the sill of the easterly concrete 
entrance to dugout a1 north end of paved access road. 

2. Bomb disposal area subject to frequent contour 
alteration due to bulldozing, filling, and explosion. 

INFERRED DIRECTION OF GROUNDWATER FLON 

EXISTING I.IONITORING weu I.OCATIONS 

0 300 

SCALE IN FEET 20· 



Section No. 
Revision No. 
Date: January 
Page 3 of 

5 
0 

31, 1988 
16 

The rationale for each sampling location is presented below. 

Ten (10) groundwater monitoring wells will be installed 

within the Munition Destruction Area at the Seneca Army Depot. 

The wells are to be used for continued groundwater monitoring 

during and after permanent closure of the burning pads. The 

proposed locations of these monitoring wells (Figure 5.1), 

pending the results of the geophysical surveys, are based on: 

(1) the particular uses of each of the nine burning pads, 

(2) previous investigations of waste sources conducted at the 

site, and (3) groundwater flow direcions based on the existing 

data. The wells are described in Table 5.1. 

Well Name 

MW-8 

MW-9 

MW-10 

MW-11 

MW-12 

MW-13 

TABLE 5.1. PROPOSED MONITORING WELL LOCATIONS 

Depth 

15 ' 

21' 

21' 

21' 

21' 

15' 

Type 

Monitor 

Monitor 

Monitor 

Monitor 

Monitor 

Monitor 

Location 

Directly west of pad H. 

Within 100' east of pad H. 

200' west of the southwest corner 
of pad G. 

Directly north of the pavement 
adjacent to pad G. 

Within 100' northeast of pad E. 

Outside of the east berm of 
pad F. 
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TABLE 5.1 . (Continued) PROPOSED MONITORING WELL LOCATIONS 

Well Name Depth Type Location 

MW-14 15' Monitor Within 100' northeast of pad D. 

MW-15 15' Monitor Between the norhteast berm of pad 
and the adjacent depression. 

MW-16 15' Monitor Directly northeast of pad A. 

MW-17 15' Monitor Between the southwest berm of pad 
and the adjacent drainage ditch. 

A review of available documents and information pertaining 

to the SEAD site has been completed. An initial site visit was 

conducted by Deborah Simone and Tim Llewellyn (M&E) on 

November 9,and 10 1987 in order to assess existing site 

conditions. In addition, available information on the local 

hydrogeology was collected and reviewed to assist in locating 

proposed monitoring wells. The following information was 

obtained from U.S. Geological Survey reports and maps, New York 

State reports, and other sources listed in the references. 

Based on the Phase 2 and Phase 4 OB/OD Hazardous Waste 

Management Studies performed by USAEHA, the distribution and 

concentration of contaminants is highly variable. Although 

significant levels of contaminants were found at only three 

burning pads, this should not preclude the possibility that 

22 
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further sampling would reveal contamination within the other 

pads . Burning pad J could be considered to present less 

environmental risk, because its use was limited to the burning of 

PEP contaminated rubbish. It should be noted that six monitoring 

wells may be an insufficient number for closure purposes as set 

forth by RCRA regulations for the placement of detection 

monitoring wells. The six proposed monitoring wells should 

detect any contaminants originating from burning pads A, B, C, D, 

F, and H. Metcalf & Eddy , I nc . r ecommends the installation of 4 

additional monitoring wells to be used to directly monitor pads 

E, G, J, and the area east of pad H. 

Groundwater monitoring has been performed since 1982 with 

seven wells. Monitoring results showed no groundwater 

contamination originating from any of the burning pads. 

Approximate groundwater flow directions have been determined from 

groundwater elevation measurements made from these wells. A 

general northeast flow pattern towards Reader Creek exists 

beneath burning pads A through F. Hydraulic gradients are 

locally altered by surface water drainage patterns. Drilling 

revealed shallow bedrock beneath pad H, which probably divides 

the groundwater such that flow beneath pad J moves to the west . 

Groundwater flow through the till and bedrock beneath the 
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burning pads is expected to be slow. Therefore, in order to 

detect any migration of contaminants, the proposed well locations 

are close to the monitored pads . Monitoring Well No. 8 (MW- 8) 

will monitor the possible westward flow of groundwater from 

beneath burning pad H whereas MW- 9 will monitor any eastward flow 

of groundwater from pad H. MW-10 will provide background water 

quality data, and information on water table elevation and 

groundwater flow direction in the southwest section of the OB 

area. MW-11 will monitor the expected northeast groundwater flow 

from burning pad G. MW-12, MW-13, MW-14, MW-15, and MW-16 are 

located just downgradient (northeast) of burning pads E, F, D, B, 

and A, respectively. Groundwater flow near pad C is expected to 

move southeast towards the adjacent local surface water drainage. 

MW-17 is located between pad C and this drainage ditch. 

In the selection of monitoring well locations, physiographic 

and topographic conditions of the site were considered in terms 

of drilling accessibility and obtaining the most representative 

samples . The final selection of monitoring well locations will 

be determined as a result of site-specific field conditions 

during drilling and sampling operations . 

24 
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Table 5.2 summarizes the samples to be collected from the 

SEAD site, and Table 5.3 presents the specific parameters to be 

analyzed for each sample. 

TABLE 5.2. SAMPLES TO BE ANALYZED 

Description 
of Sample 

Groundwater 

Total Samples 
Collected 

17 Monitoring Wells; 19 
1 Triplicate 

Sampling/Equipment Blank 12 

Travel/Trip Blank 12 

25 

Analyzed 
by Weston 

18 

6 

6 

Analyzed 
by COE 
QA Lab 

1 

6 

6 



Sample Type 

Vater 

Parameter 
Description 

Total Recoverable 
Metals: 

Arsenic 

Barium 

Cadmium 

Chromium 

Lead 

Mercury 

Selenium 

Silver 
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TABLE 5.3 PARAMETERS TO BE MEASURED METHOD REFERENCES 

Method 

3020/7060 

6010 

6010 

6010 

6010 

7470 

3020/7740 

6010 

Title 

Graphite Furnace 
Atomic Adsorption Spectroscopy 

Inductively Coupled Plasma 
Atomic Emission Spectroscopy 

Inductively Coupled Plasma 
Atomic Emission Spectroscopy 

Inductively Coupled Plasma 
Atomic Emission Spectroscopy 

Inductively Coupled Plasma 
Atomic Emission Spectroscopy 

Mercury in Liquid Waste (Manual 
Cold-Vapor Technique) 

Graphite Furnace 
Atomic Absorption Spectroscopy 

Inductively Coupled Plasma 
Atomic Emission Spectroscopy 

26 

Method Reference 

Test Methods for Evaluating 
Solid Waste. SW-846, 3rd ed., 
U.S. EPA, Nov. 1986 

Test Methods for Evaluating 
Solid Waste. SW-846, 3rd ed., 
U.S. EPA, Nov. 1986 

Test Methods for Evaluating 
Solid Waste. SW-846 , 3rd ed . , 
U.S. EPA, Nov. 1986 

Test Methods for Ev3luating 
Solid Waste. SW-B46, 3rd ed . , 
U.S. EPA, Nov. 1986 

Test Methods for E•,aluating 
Solid Waste. SW-846, 3rd ed., 
U.S. EPA, Nov. 1986 

Test Methods for Evaluating 
Solid Waste. SW-846, 3rd ed., 
U.S. EPA, Nov. 1986 

Test Methods for Ev~luating 
Solid Waste. SW-846, 3rd ed., 
U.S. EPA, Nov. 1986 

Test Methods for Evaluating 
Solid Waste. SW-846, 3rd ed . , 
U.S. EPA, Nov. 1986 
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TABLE 5.3 PARAMETERS TO BE MEASURED KETIIOD REFERENCES (CONTINUED) 

Sample Type 
Paramete -: 
Description 

Digestion 

Digestion 

Petroleum 
Hydrocarbons 

Explosives: RDX, 
HMX, PETN, 2,4-DNT 
2,6-NDT, 2,4,6-TNT 

All Travel Petroleum 
Trip Blanks Hydrocarbons 

Method 

3020 

3005 

418.1 

86 

418 . 1 

Title 

Digestion for metals, GFAA 

Digestion for metals, ICP 

Petroleum Hydrocarbons, Total 
Recoverable 

Explosives in water 

Petroleum Hydrocarbons, Total 
Recoverable 

27 

Method Reference 

Test Methods f~r Evalua t ing 
Solid Waste, SW-846, 3rd ed ., 
U.S. EPA, Nov. 1986 

Test Methods for Evaluating 
Solid Waste, SW -846, 3rd ed . , 
W.S. EPA, Nov. 1 1986 

Methods for Chemical Analysis of 
Water and Wastes, EPA-600/4-79-0 20, 
1983 

USATHAMA Method 86 Explosives in 
Water by HPLC, 12/27/82 

Methods for Chemica l Analvsis of 
Water and Wastes , EPA-600/4- 79- 020 
1983 
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Othe r sec t ions of this report presents speci f ic requirements 

for the types, numbers, locations and analysis of samples to be 

collec ted as part of this study. Project - specific standard 

operating procedures for the collection of samples both for 

laboratory and field analysis are outlined below. 

5.3.1 Groundwater Monitoring Wells 

Groundwater monitoring wells will be installed as specified 

in the Site Specific Well Installation Plan for closure of nine 

burning pads at the Seneca Army Depot, Romulus, NY. 

Each of the newly installed groundwater monitoring wells 

will be allowed to stand at least three days after development. 

Then, each wel l (the six newly installed wells and the seven 

existing wells) will be sampled once during this field sampling 

episode. As part of that sampling, certain field generated 

quality control samples will be collected and submitted to the 

laboratory as specified. 

Before a sample is collected from a well, the standing water 

level as well as the total well depth will be measured and 

r ecorded to the nearest 0 . 01 foot . The well will then be pumped 

or bai l ed with cleaned equipment to r emove a quantity of water 

28 
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casing . If the well does not recharge fast enough to permit 

removing five casing volumes, the well shall be pumped to dryness 

and subsequently sampled as soon as sufficient recharge has 

occurred. 

A standard operating procedure for well sampling has been 

prepared for this project and is presented below . 

Sampling Procedures - Groundwater Monitoring Wells 

The equipment required for sampling includes: 

1. Sta i nless steel weighted tape (or electronic measuring 
tape) to measure the water level . "Chalking'' of the 
tape will not be allowed during this project. 

2. Bladder, Fultz, or positive displacement hand pump to 
purge the well. Entire pump and discharge lines to be 
constructed of non- contaminating materials. 

3. Dedicated Teflon bailers to collect the sample. Teflon 
bailers are closed top, 1.66" O.D., three feet in 
length, with ball valves at top and bottom. 

4. Dedicated Teflon coated stainless steel leader line for 
bailers will be used at each well. 

5. The laboratory will be instructed to provide lL, amber, 
narrow-mouth bottles. 40 ml voe vials filled so that no 
headspace is present will be used for the collection of 
volatile organic samples. 

6. Sample bottles prepared by standard lab washing 
procedure, provided with all required preservatives in 
separate dropper bottles. The standard bottle 
preparation procedure is provided in Section 6.0. 
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7 . Disposable polyst'yx ene cups ifox collection of field 
monitoring aliquots. Tempexature, pH, and conductivity 
will be monitore& K om these al iquots . 

8. Thermometer meetiing ASTM spe:ci£ications. 

9. pH meter. 

10. Conductivity meteT.. 

11. Fisher Scientific "hiaffer p.atk®"' c ontaining certified, 
dated, pH standari3:s of 4.0 , 7~® u and 10.0 pH units. 

12 . Single use KCl caJU~r.ation sta,ai:lard for calibration of 
conductivity meter. 

General: Sampling wi.Tl.l proceed b-,eginning with the well 

located in the area suspect ed of leas t :contamination (up 

gradient) and proceeding to .areas of mnst contamination. 

Procedure 

1. Calibrate pH metex wi h two ~uffe rs before each use. 
Select standard buffers whicb wil l bracket the pH of the 
sample to be measi3l.:r1ed., Cal ibxate conductivity meter 
with standard KCl siolu tion ac o.r ding to manufacturer's 
instructions. Record in fieli:1 b ook. 

2. Unlock protective :c:.as:i:n·g on well . 

3. Using the decontanri.nated measur · ng tape (refer to SOP 
for decontaminati:011? Section ,-6J .f measure to the nearest 
.01 foot and reco-'rl in the f Lelrl book the static 
groundwater level i n the well i n addition to the depth 
to the bottom of the well . 

4. Using the measured ~ epth of s t a nding water and a well 
volume table for that diamet er well, note and record the 
volume of well wat~r correspondi ng to the measured depth 
of standing water . 

30 



Section No. 
Revision No. 
Date: April 12, 
Page 13 of 

5 
1 
1988 

16 

5. Using a decontaminated purging pump or bailer, purge a 
minimum of five well volumes from the well. The volumes 
will be estimated by discharging all purge water to a 
calibrated container. During the purging, the 
temperature, conductivity, and pH will be measured and 
recorded after each well volume is removed from the 
well . Purging will be stopped after five well volumes 
have been pumped providing pH and conductivity readings 
have stabilized. (i.e., any given pH or conductivity 
reading demonstrates no more than a 10% change from the 
previous reading). A minimum of five readings is 
required. The discharged water is to be disposed of as 
described in the health and safety plan. 

6. Using a decontaminated bailer and nylon rope, collect 
groundwater samples from the well. Record time at 
beginning and end of bailing. During sample collection, 
the rope and bailer should not touch the ground or any 
objects except the well casing. Personnel filling 
sample bottles must wear new PVC gloves. 

7. Immediately transfer the groundwater sample directly 
from the bailer to the appropriate sample containers. 
Fill 40 ml voe vials directly from the bailer so that no 
headspace is present. A decontaminated glass funnel may 
be used to facilitate sample transfer to all other 
bottles. DO NOT FILTER the samples. 

8. Collect a final sample aliquot in a disposable container 
and Jmmediately measure and record pH, temperature, and 
conductivity, for that sample. 

9 . Immediately label, tag, and place all sample bottles in 
iced coolers. Preserve samples as required, referring 
to Table 8.1. Record sampling details in field log book 
and complete chain of custody forms. 

10 . Repeat Steps 7 through 10 to satisfy any field duplicate 
sample requirements. 
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11 . Remeasure the standing water levels in the well after 
sampling. Record measurements in field log book. 

12. Decontaminate all sampling equipment according to 
Standard Operating Procedures. Obtain a sampling/field 
(Decon) blank before collection of the samples from the 
first well as follows: 

a. Use fresh, deionized, analyte-free water supplied 
in glass containers by the subcontract laboratory. 

b. Pour the deionized water through all decontaminated 
sampling equipment as in field sampling procedure. 

c . Dispense into proper sample containers; preserve as 
required. 

This sampling/field blank will verify that proper field 
equipment decontamination has been performed. 

13. After all samples have been taken from a given well, 
decontaminate the pH, conductivity, and temperature 
monitoring equipment. The used bailer shall be placed 
in an appropriate contaminated equipment storage bag for 
transportation. Discard all contaminated gloves. 

14. Replace protective cap and lock well. 

15. Ship samples to lab according to Standard Operating 
Procedures for sample packaging and shipping. 

5.4 Field Sampling/Monitoring Procedures 

5.4.1 HNu Photoionization Detector 

During the course of this investigation, the HNu will 

provide two services; field monitoring of organic vapors and 

field screening of soil samples for relative levels of volatile 

organic compounds . Field screening of soil samples will assist 
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in characterization of the vertical extent of contamination as 

well as indicate if special disposal of well cuttings is needed . 

Instrument Operation 

Each HNu will be prepared for use each day according to the 

following procedure: 

1. Warm-up: 5- 10 minutes 

2 . Battery check: Turn function switch to battery check 
position. The needle should reach within or above the 
green battery area on the scaleplate. If the needle is 
in the lower position of the battery arc, the instrument 
must be recharged prior to making any measurements. If 
the red LED comes on, the battery must be recharged. 

3 • Check UV Light Source: 
"on 11 position. In this 
should be on. Check by 
the probe to see purple 

Turn the function switch to the 
position, the UV light source 
looking quickly into the end of 
glow of the lamp. 

4. Zero Instrument: Turn the function switch to the 
standby position and rotate the zero potentiometer until 
the meter reads zero. Clockwise rotation of the zero 
potentiometer produces an upscale deflection while 
counterclockwise rotation yields a downscale 
deflection. If the span adjustment setting is changed 
after the zero is set, the zero should be rechecked and 
adjusted, if necessary . Wait 15 or 20 seconds to ensure 
that the zero reading is stable. If necessary, readjust 
the zero. The zero must be checked periodically during 
the day to check for zero drift and must be recorded or 
repaired as necessary . 
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5 . Calibrate Instrument: Turn function switch to proper 
measurement range (0-20, 0- 200, 0- 2000 ppm). Attach 
regulator to HNu calibration gas cylinder . Attach tygon 
tubing from regulator to HNu probe. Open the valve of 
the pressurized container until a flow is indicated on 
t he cyli nder gauge. Adjust the span pot knob until the 
instrument is reading the exact value of the calibration 
gas concentration noted on the cylinder. (If the 
instrument span setting is changed, the instrument must 
be turned back to the standby pos ition and the 
electronic zero readjusted as necessary). 

6. Recharging Instrument: All HNu's must be recharged 
overnight after each day's use. To charge the battery, 
place the mini phone plug into the jack on left side of 
the bezel prior to plugging charger into 120 VAC. When 
disconnecting charger, remove from 120 VAC before 
removing mini phone plug. The battery is completely 
recharged overnight (14 hours}. To ensure that the 
charger is functioning, turn the function switch to the 
battery check position, place phone plug into jack and 
plug charger into AC outlet. The meter should go 
upscale if charger is working and is correctly inserted 
into the jack. 

5.4.2 Soil Sample Screening 

Soil samples will be screened with the HNu by the inspecting 

hydrogeologist immediately after the split-spoon is opened during 

well installation. Screening involves passing the tip of the 

probe within approximately 1/4 inch of the soil surface (without 

touching) along the length of the split spoon. Peak values of . 

the HNu must be recorded by depth in the inspecting geologist's 

field notebook . 
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The cleaning procedures outlined in this section are to be 

used by all M&E personnel to clean sampling and other field 

equipment as well as sample containers prior to field use. 

Sufficient clean equipment and sample containers should be 

transported to the field so that the entire investigation can be 

conducted without the need for cleaning equipment in the field. 

Since this will not always be possible when using specialized 

field equipment, field cleaning procedures are included to cover 

these special problem areas. 

These procedures are the standard operating procedures (SOP) 

for this project; any deviation from them must be documented in 

field records and investigative reports. 

6.1 Cleaning Materials 

The cleaning materials referred to throughout this section 

are defined in the following paragraphs. 

The laboratory detergent shall be a standard brand of 

laboratory detergent such as Sparkleen® or Liquinox® . The use of 

any other detergent must be justified and documented in the field 

log books. 
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The nitric acid solution shall be made from ACS reagent

grade nitric .acid and deionized water . 

The standard cleaning solvent shall be pesticide- grade 

isopropanol . The use of any solvent other than pesticide-grade 

isopropanol for equipment cleaning purposes must be justified and 

its use must be documented in field log books and inspection or 

investigation reports . 

Tap water may be used from any municipal water treatment 

system . The use of an untreated or non-potable water supply is 

not an acceptable substitute for tap water. 

Deionized water of "Type II Quality'' must be used and is 

defined as tap water that has been distilled with a resulting 

conductivity of 1.0 ~mho/cm or less and subsequently treated by 

passing it through a deionizing resin column. The Type II 

deionized water should contain no heavy metals or other inorganic 

compounds. 

Organic-free water is defined as tap water that has been 

treated with activated carbon and deionizing units. Usually, 

commercial units utilize a 5- micron prefilter, activated carbon 

unit, two mixed bed deionizing units (in series), a 0.2 micron 

post filter, and a postcarbon filter to produce organic-free 

water . 
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Organic- free water should contain no detectable pesticides, 

herbicides, extractable organic compounds or metals, and less 

than 20 ug/1 of common laboratory solvents. All other organic 

compounds should be below detection limits as measured by a low 

level GC/MS analysis. Distilled water purchased from local 

supply stores (e.g . , supermarket) is not Type II reagent water or 

organic free . The field team will retain the analytical data or 

manufacturer's certification which verifies the quality of the 

Type II Reagent water used by the field team during this project. 

The brushes used to clean equipment as outlined in the 

various sections of this procedure shall not be of the wire

wrapped type. 

The solvent, nitric acid solution, laboratory detergent, and 

rinse waters used to clean equipment shall not be reused, except 

as specifically permitted in the footnote for Step 3, Section 

6.3 . 3 . 

6.1.1 Marking of Cleaned Sampling Equipment and Containers 

All equipment and sample containers that are cleaned 

utilizing these procedures shall be labeled or marked with the 

date that the equipment was cleaned . Also, if the r e was a 
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deviation f rom t he standa r d cleaning procedures outlined in this 

section, this fact should be noted on the label . 

When s amp le containers are c l eaned and prepared, they should 

be cleaned in standard sized lots to faci l itate the quality 

control procedures outlined in Section 6.2. 

6.1.2 Marking and Segregation of Used Field Equipment 

Field or sampling equipment that needs to be repaired shall 

be identified with a tag. Any problems encountered with the 

equipment and needed repairs shall be noted on this tag. Field 

equipment or reusable sample containers needing cleaning or 

repairs shall not be stored with clean equipment, sample tubing, 

or sample containers . Field equipment, reusable sample 

containers, disposable sample containers, and sample tubing that 

are not used during the course of this investigation may not be 

replaced in storage without being recleaned if these materials 

have been transported to the study site and herbicides, 

pesticides, organic compounds, or other toxic materials are 

suspected of being present. 
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6 . 1 . 3 Decontamination of Equipment Used to Collect Samples of 
Toxic or Hazardous Waste 

Equipment that is used to collect samples of known hazardous 

materials or toxic wastes or materials from the project site 

shall be decontaminated before being returned from the field. At 

a minimum, this decontamination procedure shall consist of 

washing with laboratory detergent and rinsing with tap water. 

6.1.4 Use of Safety Procedures to be Utilized During Cleaning 
Operations 

The materials used to implement the cleaning procedures 

outlined in this SOP can be dangerous if improperly handled. 

Caution must be exercised by all personnel and all applicable 

safety procedures shall be followed. At a minimum, the following 

precautions shall be taken in the lab and in the field during 

these cleaning operations: 

1 . Safety glasses with splash shields or goggles, neoprene 
gloves, and a neoprene laboratory apron will be worn 
during all cleaning operations. 

2. All solvent rinsing operations will be conducted under a 
fume hood or in the open (never in a closed room). 

3 . No eating, smoking, drinking, chewing, or any hand to 
mouth contact shall be permitted during cleaning 
operations . 
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6 . 2 Specific Quality Control Procedures for Cleaning Operations 

6.2.1 Sampling Equipment Cleaned in the Field 

The effectiveness of field cleaning procedures shall be 

monitored by rinsing field cleaned equipment with organic-free 

water and submitting the rinse water in standard sample 

containers to the laboratory for analysis (sampling/field or 

Decon blank). Any time equipment is cleaned in the field, at 

least one such quality control sample should be collected per day 

of sampling. 

6.3 Cleanin Procedures for Teflon E ui ment Used for the 
Collection of SaT~les for Trace Organic Compounds and or 
Metals Analyses( 

1. Equipment will be washed thoroughly with laboratory 
detergent and tap water using a brush to remove any 
particulate matter or surface film. 

2. The equipment will be rinsed thoroughly with tap water. 

(1) When this sampling equipment is used to collect samples that 
contain oil, grease or other hard to remove materials, it may 
be necessary to rinse the equipment several times with 
pesticide- grade acetone or hexane to remove the materials and 
steam clean the field equipment before proceeding with 
Step 1. If the field equipment cannot be cleaned utilizing 
these procedures, it should be discarded . 
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Rinse equt·~ment with at least a 10 percent nitric acid 
solution. ) 

Rinse equ1pment thoroughly with deionized water. 

Rinse equipment twice with solvent and allow it to air 
dry. 

Wrap equipment completely with solvent rinsed aluminum 
foil to prevent contamination during storage and/or 
transport to the field. 

Rinse the Teflon sampling equipment thoroughly with tap 
water in the field as soon as possible after use. 

6.4 Cleaning Procedures for Stainless Steel Equipment Used for 
the Collection ?f Samples for Trace Organic Compounds and/or 
Metals Analyses ) 

1 . Wash equipment thoroughly with laboratory detergent and 
tap water using a brush to remove any particulate matter 
or surface film . 

2. Rinse equipment thoroughly with tap water . 

3 . Rinse equipment thoroughly with deionized water . 

4. Rinse equipment twice with solvent and allow to air dry. 

5 . Wrap equipment completely with solvent rinsed aluminum 
foil to prevent contamination during storage and/or 
transport to the field. 

6 . Rinse the stainless steel or metal sampling equipment 
thoroughly with tap water in the field as soon as 
possible after use. 

(2) Small and awkward equipment such as bottle lid inserts and 
well bailers may be soaked in the nitric acid solution 
instead of being rinsed with it. Fresh nitric acid solution 
should be prepared for each cleaning session. 
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6.5 . 1 Well Sounders or Tapes Used to Measure Ground Water Levels 

1. Wash with laboratory detergent and tap water. 

2. Rinse with tap water. 

3 . Rinse with deion ized wate r. 

4. Draw tape through solvent soaked "Kimwipe'' towel while 
rewinding. 

5. Equipment should be wrapped with aluminum foil to 
prevent contamination during storage or transit. 

6.5.2 Ice Chests and Shipping Containers 

All ice chests and reusable containers will be washed with 

laboratory detergent (interior and exterior) and rinsed with tap 

water and air dried before storage. In the event that an ice 

chest becomes severely contaminated with concentrated waste or 

other toxic material, it shall be cleaned as thoroughly as 

possible and disposed of properly. 

6.5.3 Vehicles 

All vehicles utilized by M&E should be washed at the con

clusion of each field trip . This routine maintenance should 

minimize any chance of contamination of equipment or samples due 

to contamination of vehicles . A thorough interior and exterior 
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cleaning is mandatory at the conclusion of such investigations. 

It shall be the responsibility of the Project Engineer to see 

that this procedure is followed . 

6.6 Preparation of Sample Containers 

6.6.1 General 

No sample container will ever be reused. All sample 

containers will be stored in their original packing cartons. 

When packages of uncapped sample containers are opened, they will 

be placed in new plastic garbage bags and sealed to prevent 

contamination during storage . Specif i c precleaning instructions 

for sample containers are given in the following sections . 

6.6.2 One- Half and One - Liter Amber Glass Bottles (Water 
Samples), 8; 16; and 32-Ounce Clear Widemouth Jars (Soil, 
Sediment), with Teflon® Lined Caps for Organic Compounds 
(Excluding Purgeables) and Metals Analysis 

1. Wash bottles and jars, Teflon® liners, and caps in hot 
tap water and laboratory detergent. 

2. Rinse three times with tap water. 

3. Rinse with at least 10% nitric acid solution. 

4 . Rinse three times with deionized water. 

5 . Rinse bottles, jars, and liners (not caps) with 
solvent. 
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6 . Oven dry bottles, jars, and liners at 125°C overnight, 
allow to cool . 

7. Place liners in caps and cap containers without 
touching interior surfaces. 

8. Store containers in contaminant-free area. 

6.6.3 40 ml Glass Vials for Water Samples (Purgeable Organic 
Compounds Analysis) and 4-0unce (120 ml) Clear Widemouth 
Glass Jars with Teflon® Liner for ·soil Samples (Purgeable 
Organic Compounds Analysis) 

1. Wash vials, bottles and jars, Teflon® liners and septa, 
and caps in hot tap water and laboratory detergent. 

2. Rinse all items with deionized water. 

3. Oven dry at 125°C overnight. 

4. Allow all vials, bottles, jars, liners, and septa to 
cool in an enclosed contaminant-free environment. 

5. Seal vials, bottles, and jars with liners or septa as 
appropriate and cap. 

6. Store vials, bottles, and jars in a contaminant free 
area. 

6.6.4 One Liter Polyethylene Bottle for Metals 

1. Wash Polyethylene bottles and caps in hot water with 
laboratory detergent. 

2. Rinse both with at least 10% nitric acid solution. 

3 . Rinse three times with deionized water . 
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4. Invert bottles and dry in contaminant free environment. 

5. Cap bottles. 

6. Store in contaminant free area. 

6.6.5 One Liter Polyethylene Bottle for General Inorganics 
(nitrate} 

1 . Wash Polyethylene bottles and caps in hot water with 
laboratory detergent . 

2. Rinse three times with deionized water. 

3. Invert bottles and dry in contaminant free environment . 

4 . Cap bottles . 

5 . Store in contaminant free area. 

45 



7 . 0 Sample Handling and Chain of Custody 

Section No . 
Revision No . 
Date: January 
Page l of 

7 
0 

31, 1988 
8 

An overriding consideration for environmental measurement 

data is the ability to demonstrate that samples have been 

obtained from the locations stated and that they have reached the 

laboratory without alteration . Evidence of collection, shipment, 

laboratory receipt and laboratory custody until disposal must be 

documented to accomplish this. Documentation is accomplished 

through a chain of custody record that records each sample and 

the individuals responsible for sample collection, shipment, and 

receipt. A sample is considered in custody if it is: 

• In a person's actual possession. 

• In view after being in physical possession. 

• Locked so that no one can tamper with it after having 
been in physical custody. 

• In a secured area, restricted to authorized personnel. 

Sample custody will be initiated by Metcalf & Eddy field 

personnel upon collection of samples. Documents specifically 

prepared for such purposes will be used for recording pertinent 

information about the types and numbers of samples collected and 

shipped for analysis . An example chain of custody form is 

included as Figure 7.1 . The samples collected will first be 

brought to an on-site location for batching and paperwork 
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FI GURE 7 . 1 
CHA I N OF CUSTODY FORM 
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checks . This task includes the matching of like sample types 

(solids, liquids) with similar sampl e types from all sample 

locations. Labels, tags and log information are checked to be 

sure there is no error in identifi6ation. Samples are packaged 

to prevent breakage or leakage , and labeled according to DOT 

regulations for transport by air as laboratory samples . These 

procedures are outlined in Section 9. Copies of forms will be 

maintained for the project record. Storage of samples by the 

laboratory will be under conditions specified for the analyses to 

be performed. Samples used for analysis will be held for 60 days 

following report of the data before disposal. Samples are 

handled by the laboratories as described in the following 

paragraphs. 

7.1 Chain of Custody Record Form 

Figure 7.1 is the chain of custody form to be used by 

Metcalf & Eddy personnel in collecting and shipping samples 

associated with this study . 

The chain of custody form shall be signed by each individual 

who has had the samples in their possession . Preparation of the 

chain of custody form shall be as follows: 
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• The chain of custody record shall be initiated for 
every sample by the person collecting the sample. All 
chain of custody form entries will be made with 
indelible ink. Every sample shall be assigned a unique 
identification number that is entered on the chain of 
custody form. Samples can be grouped for shipment 
using a single form . · 

• The record shall be completed in the field to indicate 
project, sampling team, etc . 

• The record shall indicate how samples were transported 
to the lab (i.e., Federal Express, Purolator, etc . ). 

• Because the samples are to be shipped to the laboratory 
by commercia l carrier, the chain of custody f orm shall 
be sealed in a watertight envelope, placed in the 
shipping container, and the shipping container sealed 
prior to being given to the carrier . 

• The commercial carrier's airbill shall serve as an 
extension of the chain of custody record between the 
final field custodian and receipt in the laboratory . 

• Upon receipt in the laboratory, the Quality Control 
Coordinator, or representative, shall open the chain of 
custody record, and sign and date the record. Any 
discrepancies shall be noted on the chain of custody 
form. 

• If discrepancies occur, the samples in question shall 
be segregated from normal sample storage and the field 
personnel immediately notified . 

• Chain of custody records shall be maintained with the 
specific project files, becoming part of the permanent 
project documentation . 
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In addition to initiating the cha i n of custody form, f i e l d 

personnel are responsible for uniquely identifying, ( r equired on 

the chain of custody form) labeling, tagging, providing proper 

preservation, and packaging samples to preclude breakage during 

shipment . 

Every sample shall be labeled: 

• Project number and site name. 

• Unique sample number. 

• Sample description 

• Sampling date and time. 

• Initials of person obtaining the sample. 

• Method of sample preservation/conditioning, if any. 

Every sample tag shall include: 

• Sampler's initials 

• Project number and site name. 

• Unique sample number. 

• Sampling date and time. 

• Method of sample preservation, if any. 

• Sample description 

Prior to sample collection, labels will be affixed to sample 

containers using transparent tape . Indelible waterproof ink wil l 

be used f o r al l l ogbook, sample l abel, and sample tag entries. 
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Samples must be placed in containers compatible with the 

intended analysis and properly preserved . Requirements for 

various analytical parameters with respect to the type of 

container, preservation method, and maximum holding time between 

collection and analysis have been presented in other sections. 

Shipping containers are to be sealed prior to shipment, both 

during direct transport via field personnel as well as when 

commercial carrier is used. The only exception to this is if 

sufficient holding time exists so that the samples can be held in 

the field and it is necessary to re- ice the containers prior to 

or during transport. 

As soon as field personnel are ready to transport samples 

from the field to the laboratory, they shall notify the 

laboratory by telephone of the shipment . The estimated time of 

arrival at the laboratory should be given. 

7.3 Laboratory Sample Receipt 

Upon sample receipt, the QC Coordinator or his designee 

shall: 

• Examine all samples and determine if proper temperature 
has been maintained during shipment. If samples have 
been damaged during shipment, the remaining samples 
shall be carefully examined to determine whether they 
were affected. Any samples affected shall also be 
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considered damaged. It will be noted on the chain of 
custody record that speci fic samples were damaged and 
that the samples were removed from the sampling 
program. Field personnel will be notified as soon as 
possible that samples were damaged and that they must 
be resampled, or the testing program changed . 

• Compare samples received against those listed on the 
chain of custody. 

• Verify that sample holding times have not been 
exceeded. 

• Sign and date the chain of custody form and attach the 
airbill to the chain of custody. 

• Assign unique sequential weston sample numbers which 
will identify each sample in the laboratory's internal 
tracking system. 

• List the samples in the laboratory sample master log-in 
book which contains the following information: 

Project identification number 
Sample numbers 
Type of samples 
Date received in laboratory 

• Notify the Laboratory Manager of sample arrival. 

• Place the completed chain of custody records in the 
project file. 

7.4 Laboratory Storage of Samples. 

The primary considerations for sample storage are: 

• Maintenance of prescribed temperature. Typically four 
degrees celcius is required. 

• Extracting and/or analyzing samples within the 
prescribed holding time for the parameters of interest . 
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Placement of samples in a secure and proper storage 

environment is the responsibility of the sample custodian. 

7.5 Sample Retention and Disposal 

Samples will be retained in the refrigerator for thirty (30) 

calendar days after the date of the invoice accompanying the 

analytical results. Unless a written requrest is received for 

retaining the sample beyond the thirty (30) days, the samples 

will be disposed of in an appropriate manner. 
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Table 8 .1 presents container requirements, preservation 

specifications and laboratory holding times to be adhered to 

during all sampling and analysis activities associated with this 

project . 
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SAMPLE CONTAINER AND PRESERVATION REQUIREMENTS 

Parameter 

Petroleum Hydrocarbons 

Metals 

Explosives 

Container(l) Preservation( 2 ) Holding Time( 3 ) 

AQUEOUS SAMPLES 

lL, G, 
teflon- lined 
lid 

lL, P, 
teflon-lined 
lid 

500 mL, G, 
amber 

1:1 HCL, 5ml/L 
Cool 4°C 

HN0 3 , pH<2 

None 

Unspecified 

6 Months( 4 ) 

7 Days 

(1) G, glass; P, High density Polyethylene with unlined polyethylene cap. 

(2) Sample preservation will be performed in the field immediately upon 
sample collection. Samples should be analyzed as soon as possible 
after collection. The times listed are the maximum times that samples 
may be held before analysis and still be considered valid. Some 
samples may not be stable for the maximum time period given in the 
table . A laboratory is obligated to hold the samples for a shorter 
time if knowledge exists to show that this is necessary to maintain 
sample stability. 

(3) As presented in SW 846, 3rd edition, Table 2-16 and 4-1. 

(4) 28 day holding time for mercury . 
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In order to ensure safe, secure delivery of all collected 

samples to the Weston laboratories, the following packaging, 

labeling and shipping procedures have been prepared for this 

project . All procedures presented below are written to comply 

with applicable DOT regulations for transportation by surface and 

air. 

All samples will be surveyed visually as well as with the 

on-site monitoring equipment to determine the likelihood of 

sample contamination. These instruments will include air 

monitoring devices such as HNu PI-101 total hydrocarbon analyzers 

and Draeger stain detector tubes, which can be used to survey 

monitoring well and sample container headspace for organic 

vapors. Conductivity and pH meter readings will be taken from 

liquid samples to further evaluate the hazardous nature of these 

samples. This data will be recorded in the field logbook as 

documentation of the shipping procedures used. 

Unless such field collected information indicates otherwise, 

all environmental samples collected at the SEAD site will be 

treated as non- hazardous aqueous liquids and non-hazardous soil . 

Because df the expected non- hazardous nature of the 

collected samples, packaging and shipping criteria have been 
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designed only to maintain chain-of - custody protocol as well as 

prevent breakage of the sample containers . 

9.1 Non- h~zardous Packaging and Shipping - Field Procedure 

1. Wrap properly labeled and secured glass sample bottles 
and purgeable vials with plastic bubble wrap. Place 
the wrapped containers into a watertight zip lock 
bag. Seal . 

2. Put a layer of cushioning material (e.g., vermiculite) 
in the bottom of the watertight metal or equivalent 
strength plastic shipping containers. 

3. Place sample bottles, tops up, in the shipper. Arrange 
bottles such that glass bottles are surrounded by 
plastic bottles. 

4 . Use pieces of rigid styrofoam as necessary to ensure 
that there will be no shifting of bottles during 
transport. 

5. Fill void space around and on top of the sample bottles 
with ice cubes or chips sealed in plastic bags. 

6. Seal chain of custody forms in a zip-lock plastic bag 
and tape securely to the inside of the cooler lid. 

7. Close and lock or latch the shippers. Seal the space 
between the container body and lid with waterproof 
tape. 

8. Apply several wraps of pre- printed chain of custody 
tape around the shipping containers perpendicular to 
the seal to assure that the lid will remain closed if 
the latch is accidentally released or damaged and to 
prevent tampering during shipment . 

9 . If the shipping container used is a picnic cooler, tape 
the drain plug closed so it will not open . 
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10. Place a completed Federal Express Airbill on the lid of 
the cooler, including name, address and phone number of 
the receiving laboratory and the return address and 
phone number of the shipper . 

11. Place a "This End Up" label on the lid and on all -four 
sides of the shipper. 

Samples will be shipped to the laboratory via Federal 

Express Priority 1. 

Samples will be shipped from the Federal Express Office 

which is closest to the site or at the closest airport. Samples 

will be shipped directly to the Weston laboratory. One of the 

M&E field team members will deliver the properly labeled sample 

packages to the Federal Express Office or the appropriate 

airport. Office hours are normally 8:00 am to 6:00 pm, Monday 

through Friday and 8:00 am to 5:00 pm on Saturday. Federal 

Express may provide sample pick-up on-site for this project. The 

field team will investigate this possibility at the time of 

sample collection. 

58 



Section No. 10 
Revision No. O 

---=--c----,--,---

Da t e: January 31, 1988 
Page 1 of 6 

10.0 Data Quality Objectives for Measurement Data 

The U.S. EPA specifies five major characteristics of data 

quality which must be addressed in environmental sampling and 

analytical projects . These are: 

1. Accuracy: The degree of agreement of a measurement (or 
measurement average) with an accepted reference or true 
value. It is a measure of system bias and is usually 
expressed as the difference of measured from true 
values, or as a percentage of the difference. 

2. Precision: A measure of agreement among individual 
measurements of the same property under similar 
conditions. It is expressed in terms of relative 
percent difference between replicates or in terms of the 
standard deviation when three or more replicate analyses 
are performed . 

3 . Completeness : A measu r e of t he amount o f valid data 
obtained compared to the amount expected to be collected 
under normal correct conditions. It is usually 
expressed as a percentage. The completeness objective 
will be calculated on those samples reaching the 
laboratory i ntact, not the total number of samples 
collected, since breakage during transit can occur . 

4. Representativeness: Expresses the degree to which data 
accurately and precisely represents a characteristic of 
a data population, process condition, a sampling point, 
or an environment. For this project, grab samples are 
taken from surface and groundwater sources. Soil 
samples are to be collected, together with sediment 
samples. Grab samples are by definition representative 
of only the conditions at the point in time collected, 
within sampling and analysis error. 

5 . Comparability: Expresses the confidence with which one 
data set can be compared to another . To achieve 
comparability in this project, the data generated will 
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be r eported using un i ts of ug/1 and mg/kg . Analytica l 
results will be comparable to that produced from similar 
l abs usi ng the same instrumentation and methodology. 
Sta ndar d Reference Materials will be used to document 
traceability of calibration standards, and allow 
comparison of data across laboratories performing 
analyses . · 

The QA objectives for this project in terms of precision, 

accuracy, and completeness are listed in Table 10.1. 

Method quantitation limits expected to be achieved during 

this work are shown in Table 10.2. 

QA objectives for the explosives in water are defined as 

averages expected for the group of compounds measured. Any spike 

and surrogate compounds used will be those specified in the 

analytical methods used. 

QA objectives for metals are defined as averages for groups 

of spiked compounds when analyzed by ICP and by individual metal 

for atomic absorption furnace analysis. EPA inorganic acceptance 

limits will be applied to samples that are split with another 

lab. 

Metals include arsenic, barium, cadmium, chromium, lead, 

mercury, selenium and silver. The explosives in water include: 

RMX, HDX, PETN, 2 ,6 - DNT, 2,4 - DNT and 2,4,6 - TNT . "Petroleum 

hydrocarbons" is a measure of non- polar freon extractable 

materials . 
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The QA objective for this work is that all measurements be 

representative of the actual site conditions and, that all data 

resulting from sampling and analysis activities be comparable. 

The use of accepted, published sampling and analysis methods as 

well as standard reporting units will aid in ensuring the 

comparability of the data. 
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T~LE 10.1. PRECISION, ACCURACY , COMPLETENESS OBJECTIVES 
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Measurement Parameter Method No . (l) Precision< 2) Accuracy< 3 ) Completeness< 4) 

Arsenic 7060 20, 
Barium 6010 20, 
Cadmium 6010 20, 
Chromium 6010 20, 
Lead 6010 20, 
Mercury 7470 20, 
Selenium 7740 20, 
Silver 6010 20, .... 

Petroleum Hydrocarbons 418 . 1 301 

HMX 8G 20, 
RDX BG 20, 
PETN colorimetric 20, 
2,4,6-TNT BG 20, 
2,6-DNT 8G 20, 
2,4-DNT 8G 20, 

100-500 METHODS 
METHODS FOR CHEMICAL ANALYSIS OF WATER AND WASTES 
U. S. EPA 
Environmental Monitoring and Support Leboratory 
Cincinnati, OH 45268 
EPA 600/4-79-020 

6000-9000 METHODS 
TEST METHODS FOR EVAWATING SOLID WASTE 
U.S . EPA 

(not 

Office of Solid Waste Management and Emergency Response 
Washington, DC 20460 
November, 1986 ; Third Edition 

USATHAMA 
Method BG 
Explosives in Water by HPLC, 12/27/82 
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TABLE 10.l . PRECISION, ACCURACY, COMPLETENESS OBJECTIVES 
AQUEOUS SAMPLES (CONTINUED) 
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( 2) Expressed as Relative Percent Difference (RPO) (or Average RPO for a group of compounds analyzed 
together during a single analysis such as metals by ICP) of duplicate measurements madP. on a 
single laboratory sample . 

()) Expressed as Percent Recovery of analyte added to actual samples as part of a matrix spike and 
matrix spike-duplicate (MS/MSD) regime. 

( 4) Completeness is a measure of the amount of valid data obtained from a measurement process compared 
to the amount of valid data that was planned to be taken to achieve a particular statistical level 
of confidence in the data resulting from that measurement process . This value is usually 
presented as a percent . 
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TABLE 10.2 . PROJECT-SPECIFIC QUANTITATION LIMITS 

Metals Analyses Water (ug/1) 

1. Arsenic 
2. Barium 
3. Cadmium 
4 . Chromium 
5. Lead 
6. Mercury 
7. Selenium 
8. Silver 

Miscellaneous Wet Chemistry 

Petroleum Hydrocarbons 

Explosives in Water 

1. RDX 
2. HMX 
3. PETN 
4. 2, 4-DNT 
5. 2,6-DNT 
6. 2,4,6-TNT 
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11 . 0 Data Reduction, Validation, and Reporting 

This section describes data reduction, validation, and 

reporting procedures which will be used at the Weston laboratory 

participating in this project. Primary responsibility for 

implementation of these procedures within each laboratory will 

reside with the Laboratory Manager. The principal points of 

contact between the Metcalf & Eddy Project Manager and QA Project 

Officer will be the Weston Laboratory Manager and the Quality 

Assurance Manager . 

Final responsibility for validat i on and reporting of data 

will reside with the Me t calf & Eddy QA Project Office r . 

11 . 1 Laboratory Data Validation . Data validation begins with 

the processing of data and continues through review of the data 

and the reporting of analytical results. Data processing can be 

performed by the Analyst who obtained the data or another 

Analyst. Data review starts with an Analyst independent of the 

data acquisition and processing, or the Group Leader, reviewing 

(validating) that data processing has been correctly performed 

and continues through verifying that the reported analytical 

results correspond to the data acquired and processed. Final 

review of the data to be reported is by the Laboratory 

Supervisor . The procedure is outlined in Figure 11 . 1 
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processing . In general, data will be processed by an Analyst in 

one of the following ways: 

• Manual computation of results directly on the data sheet 
or on calculation pages attached to the data sheets. 

• Input of raw data for computer processing. 

• Direct acquisition and processing of raw data by a 
computer. 

If data are manually processed by an Analyst, all steps in 

the computation shall be provided including equations used and 

the source of input parameters such as response factors, dilution 

factors, and calibration constants . If calculations ar e not 

performed directly on the data sheet, calculations should be done 

on standard Weston calculation paper and attached to the data 

sheets. The Analyst shall sign (full signature) and date in ink 

each page of calculations. 

For data that are input by an Analyst and processed using a 

computer, a copy of the input shall be kept and uniquely 

identified with the project number and other information as 

needed. The samples analyzed shall be evident and the input 

signed and dated by the Analyst. 

If data are directly acquired from instrumentation and 

processed, the Analyst shall verify that the following are 
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correct: project and sample numbers, calibration constants and 

response factors, output parameters such as units, and numerical 

values used for detection limits (if a value is reported as less 

than). The Analyst shall sign and date the resulting output. 

11.1.1 Review of Data Processing. Following is a discussion of 

the method to be used for reviewing (checking) data processing. 

At least 20 percent of all data shall be checked in this 

manner. If, during the checking process, errors are determined, 

checking shall be completely (100 percent) performed for the data 

set. 

• The Analyst performing the data processing shall give an 
Analyst independent of the work the data package. The 
package shall include, as appropriate, raw data, data 
sheets, strip charts, computer input/output, 
calculations, sources for input parameters such as 
response factor, etc. 

• The independent Analyst (checker) shall review the data 
for: 

Appropriateness of equations used. 

Correctness of numerical input. 

Numerical correctness of all calculations. This 
should be done by reperforming 100% of all numerical 
computations. 

Correct interpretation of strip charts, etc . 
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• All entries and calculat i ons that the checker reviews 
shall be marked in ink with a check mark. The checking 
process must be thorough enough to validate that the 
results are correct. If the checker disagrees with any 
part of the computations, the checker shall mark through 
the number with a single line and place the -revised 
number above it. 

• Any changes made by the checker shall be backchecked by 
the originator. If the originator agrees with the 
change, no action is necessary. If the originator 
disagrees, the originator and checker must resolve the 
difference so they agree with the result presented. 
Actions taken to resolve such discrepancy must be noted . 

• The checker shall sign originals and date i n i nk al l 
pages of the data package (except for groups of printout 
such as chromatograms) . Signing and dating indicates 
that reviewer agrees with the calculations and that any 
changes made have been agreed to by the originator . 

• If the data have been processed by computer, the 
rev i ewer shall check every input entry. Agreement 
should be indicated by a check mark for every line. If 
the checker disagrees with the input, the number should 
be marked through with a line and corrected number 
indicated above it. Corrections must be backchecked by 
the originator as discussed above . 

• If an input error is identified and the data have been 
processed, it will be necessary to reprocess the data. 
In this event, the checker shall mark the second set of 
input to indicate agreement with the input changes. The 
checker shall sign and date in ink the computer input to 
indicate agreement . 

• Raw data that are automatically acquired and processed 
do not require any validation at this point beyond that 
previously discussed. 
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11 . 1 . 2 Review of Data Reporting ~ Review of data reports is 

required to verify that information reported by the laboratory 

corresponds with processed analytical results. Review is only 

iequired of the data as it is presented for issuance. 

Intermediate steps performed after the processed data are checked 

to prepare the data report (such as data summaries) do not 

require validation. Preparation of the report is the 

responsibility of the Laboratory Manager or his designated 

representative. 

After the draft data report is prepared, the reported 

results should be checked against the reviewed processed data so 

that transcription errors do not occur. The checking process 

follows: 

• Using the draft report, all data entries are checked by 
an Analyst. The checker is not required to be 
independent of the work because only the transcription 
from the reviewed data to the data report is being 
checked. 

• The draft data report should be checked so that the 
items cited for data presentation in Section 11.2 are 
complete and correct. As the reviewer checks the 
entries on the draft report, an ink check mark is placed 
beside each correct entry. Corrected entries are marked 
through with a single line and the correct entry 
provided. The reviewer will indicate that corrections 
have been made in the report by placing a second check 
mark by the correction after comparing the change with 
the revised copy . The checker shall sign and data every 
page of the data report in ink. 
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• Use of the draft data report results in a checkprint 
which should be maintained as a record to demonstrate 
the review. 

• If data printouts, such as chromatograms or GC/MS data 
processing, are included in the data report, review is 
not required for the data printout. 

• If computer output is used directly as the data report 
without further transcription, only the input requires 
review as discussed in Section 11 . 1.1 . 

After checking of the data report is complete, it is given 

to the Laboratory Manager or his designated representative for 

f i nal r eview . This step is not intended to verify the r eported 

data. This review is intended to determine that the report meets 

project requirements . The data report is approved for issue by 

the Laboratory Manager. 

11.2 Laboratory Data Reporting. The following are applicable to 

data presentation: 

• The final presentation shall be checked in accordance 
with data verification requirements of Section 11 .1.2 
and approved by the Laboratory Manager . 

• Data will be presented in a tabular format whenever 
possible. 

• Data will be formatted as a standard lab report such as 
shown in the example attached to this document as 
Appendix A- 2 . 
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• Each page of the data will be identified with the 
project number and name; date of issue; and project - site 
name. 

• As a minimum, data presentation will include : 

Sample identification number used by the Weston 
laboratory and/or the sample identification provided 
to the laboratory, if different than identification 
used in the laboratory. 

Chemical parameters analyzed, reported values, and 
units of measurement. 

Detection limit of the analytical procedure if the 
reported value is less than the detection limit. 

Data for a chemical parameter are reported with 
consistent significant figures for all samples. 

Results of Quality Control sample analysis if 
appropriate. 

Achieved accuracy, precision, and completeness of 
data. 

Footnotes referenced to specific data if required to 
explain reported values. 

• Data will be transmitted from the laboratory only by the 
Laboratory Manager. 

If explanatory text is not issued with the analytical 

results, a letter of transmittal will be included. 

The letter of transmittal will include : 

• Person(s) receiving the data 

• Person transmitting the data 
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• Document the chain of custody, specifically if it was 
not provided or correct, if any samples were damaged in 
shipment, if sample containers were inappropriate for 
ana lysis, o r samples not preserved, and if volume 
provided was inadequate for proper analysis 

• Brief discussion of samples analyzed and the analytical 
program 

• Discussion of any apparent data anomalies 

• Discussion of any analytical difficulties and follow- up 
actions taken to remedy the difficulty. 

11.3 Field Data Quality Reviews 

A simple program designed to ensure field performed analyses 

yield valid, useful data is summarized below . In all cases, the 

Field Team Leader will maintain a concise, detailed field logbook 

containing accounts of all field activities and actions taken . 

Objective 

1 . Sample and location 
information conforms 
to conditions and 
requirements in 
Table 5.1 

2 . Verify incoming field 
data and sample 
completeness 

Action 

Review of labeled 
samples and in
process samples 
using daily sample 
inventory 

Daily count of in
complete items 
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Objective 

3. Verify completeness 
of field log books 

4. Field calibration 
criteria reviewed and 
test calibration 
acceptance recorded 

5. All data forms are 
properly completed 

6 . All field generated 
QC samples collected 
as required 
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Action 

Review Daily 

As Necessary 

Review and check 
off during each 
sample collection 

Review require
ments and confirm 

7 4 

Respons i bl e 
Person 

Fi eld Team 
Leader 

Field Team 
Leader 

Field Team 
Leader 

Field Team 
Leader 



Section No . 
Revision No . 
Date: January 
Page 1 of 

12.0 Calibration Procedures and Frequencies 

12 
0 

31, 1988 
9 

This section describes calibration procedures and policies 

pertinent to this project. 

Instruments and equipment used in the Weston laboratory are 

controlled by a formal calibration program . The program verifies 

that equipment is of the proper type, range, accuracy, and 

precision to provide data compatible with specified 

requirements. All instruments and equipment which measure a 

quantity , o r whose performance is expected at a sta t ed level, are 

subject to calibration. Calibrat i on may be performed by Weston 

personnel using reference standards, or externally by calibration 

agencies or equipment manufacturers. 

Implementation of the laboratory calibration program is the 

responsib i li t y of the Laboratory Manager and Analysts . The 

Quality Control Coordinator shall review the implementation of 

the program. 

Two types of calibration are discussed in this section: 

• Operational calibration which is routinely performed as 
part of instrument usage, such as the development of a 
standard curve for use with an atomic absorption 
spectrophotometer . Operational calibration is generally 
performed for instrument systems . 

• Periodic calibration which is performed at prescribed 
intervals for equipment, such as balances and ovens. I n 
general, equipment which can be calibrated periodically 
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is a distinct, single purpose unit and is relatively 
stable in performance . 

12.1 Calibration Procedures 

Whenever possible, recognized procedures, such as those 

published by ASTM or the USEPA, or procedures provided by 

manufacturers shall be utilized. 

At a minimum, the procedures shall include: 

• Equipment to be calibrated 

• Reference standards used for calibration 

• Calibration technique and sequential actions 

• Acceptable performance tolerances 

• Frequency of calibration 

• Calibration documentation format. 

12.1.1 Equipment Identification. Equipment that is subject to 

calibration shall be uniquely identified so that calibration 

records can be associated with a specific instrument. 

12.1.2 Calibration Frequency. Instruments and equipment shall 

be calibrated at prescribed intervals and/or as part of the 

operational use of the equipment. Frequency shall be based on 

the type of equipment, inherent stability, manufacturer's 

recommendations, values provided in recognized standards, 

intended use, effect of error upon the measurement process, and 

prior experience . 
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12.1.3 Calibration Reference Standards . Two types of reference 

standards are used within Weston laboratories for calibration: 

• Physical standards, such as weights for calibrating 
balances and certified thermometers for calibrating 
working thermometers and ovens, which are generally used 
for periodic calibration 

• Chemical standards such as Standard Reference Materials 
(SRMs) provided by the National Bureau of Standards 
(NBS) which are primarily used for operational 
calibration. 

Whenever possible, physical and chemical reference standards 

shall have known relationships to nationally recognized standards 

(e.g., NBS) or accepted values of natural physical constants . If 

national standards do not exist, the basis for the reference 

standard shall be documented. 

12.1.4 Calibration Failure . Equipment that fails calibration or 

becomes inoperable during use shall be removed from service and 

segregated to prevent inadvertent use, or shall be tagged to 

indicate it is out of calibration. Such equipment shall be 

repaired and satisfactorily recalibrated before reuse. 

12 . 1 . 5 Calibration Records . Records shall be prepared and 

maintained for each piece of equipment subject to calibration. 

Records demonstrating accuracy of reference standards shall also 

be mainta i ned . 
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For instruments and equipment that are calibrated on an 

operational basis, calibration generally consists of determining 

instrumental response against compounds of known composition and 

concentration or the preparation of a standard response curve of 

the same compound at different concentrations . Records of these 

calibrations can be maintained in several ways: 

• The calibration data can be kept with analytical sample 
data 

• A log book can be prepared for each instrument which 
contains all calibration data. 

The former method provides response factor information, 

etc., directly with analytical data so that the analytical data 

can be readily processed and verified. Also, the raw data 

package is complete as a unit. 

The latter method provides an ongoing record of the 

calibration undertaken for a specific instrument; however, to 

process and verify the analytical data the log must be used in 

conjunction with the raw data. 

For operational calibration of instrumentation used for this 

project, the following procedures will be followed: 

• Calibration data will be included with the raw 
analytical data and maintained in project files. 

78 



Section No . 12 
Revision No. O ------Date: January 31, 1988 
Page 5 of 9 

12.2 Operational Calibration. 

Operational calibration is generally performed as part of 

the analytical procedure . Included may be the analysis of a 

method blank and the preparation of a standard response (standard 

calibration) curve . 

Following is a brief discussion of the analysis of method 

blanks and preparation of standard curves. 

12 . 2.1 Method Blank . After determining the individual reagent 

or solvent blanks, the Ana l yst defines the method blank to 

determine if the cumulative blank interferes with the analysis . 

The method blank is defined by following tne procedure step by 

step, including the addition of all of the reagents and solvents 

in the quantity required by the method during an analysis of 

"lab-pure", analyte- free water . " If the cumulative blank 

interferes with the determination, steps must be taken to 

eliminate or reduce the interference to a level that will permit 

the combination of solvents and reagents to be used. If the 

blank interference cannot be eliminated, the magnitude of the 

interference must be considered when calculating the 

concentration of specific constituents in the samples analyzed. 
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A method blank should be determined whenever an analysis is 

- made. The number of blanks is determined by the method of 

analysis and the number of samples analyzed at a given time . 

12.2.2 Preparation of Standard Calibra t ion Cu rve. Concurrent 

with preparation of reagent and method blanks, a standard 

calibration curve is prepared for the instrumentation. 

Preparation of a standard calibration curve is accomplished by 

using calibration standards. The process may be summarized as 

follows: 

• Preparation of a standard calibration curve is 
accomplished by using calibration standards prepared by 
mixing the species to be analyzed into the solvent that 
is to be introduced into the instrument. 

• The concentration of the calibration standards are 
chosen to cover the working range of the instrument. 

• All sample measurements are made within this working 
range. 

• The calibration curve is prepared by plotting instrument 
response versus concentration of the species analyzed. 

• Concentrations of the sample prepared with the same 
procedure are read directly from the calibration curve 
or determined by interpolation . 

12.3 Calibration of High Performance Liquid Chromatograph (HPLC) 

Prior to the analysis of samples and after tuning criteria 

have been met, the HPLC system must be initially calibrated to 
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verify peak separation and retention times. The calibration 

standard concentration will be tabulated versus the peak height 

response for each calibration standard . 

Working calibration standards will be prepared fresh 

daily. The working standards will include a blank and a minimum 

of five (5) concentrations to cover the anticipated range of 

measurement. At least one of the calibration standards will be 

at or below the desired instrument detection limit. The 

correlation coefficien t must be at least 0 . 996 in order to 

consider the responses linear over a range . If a correlation 

coefficient of 0.996 cannot be obtained, additional standards 

must be analyzed to define the calibration curve . A midpoint 

calibration check standard will be analyzed each shift to confirm 

the validity of the initial calibration curve . The check 

standard must be within twenty (20) percent of the initial 

response curve to demonstrate that the initial calibration curve 

is still valid. For multi-analyte methods, the check standard 

may contain a representative number of target analytes 

Calibration data, to include the correlation coefficient, will be 

entered into laboratory notebooks to maintain a permanent record 

of instrument calibration . 
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12.4 Calibration of the Inductively Coupled Argon Plasma 
Spectrometer (ICAP) or the Atomic Absorption 
Spectrophotometer (AAS) or the Spectrophotometer, Infrared 

The ICAP, AAS, and spectrophotometer are standardized for 

the analytes of interest by analyzing a set of calibration 

standards prepared by diluting a stock solution of known 

concentration. Three to five working standards are prepared by 

dilution of the stock standard . The concentration of the 

calibration standards is chosen so as to cover the working range 

of the instrument. Subsequently, all sample measurements are 

made within this working range. Once the working standards are 

prepared, they are analyzed on the ICAP, AAS, or 

spectrophotometer and the instrument response is calibrated to 

provide a direct readout in micrograms of analytes per milliliter 

of digestate or parts per million . 

The calibration is accomplished by inputting the analyte 

concentration equivalent to the readout in absorbance/emission 

units during analysis of the working standards. 

Once the instrument has been initially calibrated, the 

analysis of the working standards is repeated during sample 

analysis to confirm expected instrument response during analysis 

as well as to confirm the calibration settings . A typical 

analysis sequence is presented below : 
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• Working standards are prepared by dilution of a stock 
standard solution of the metal of interest. 

• A calibration curve within the working range of the 
instrument is established by analysis of three to five 
working standards. 

• The working standards are re-analyzed to confirm the 
calibration settings. If the calibration settings are 
not confirmed, the instrument is recalibrated. 

• The samples are analyzed for the metal of interest . 

• During sample analysis, a midpoint standard is analyzed 
to monitor instrument stability. If the analysis 
indicates the instrument calibration has changed, the 
instrument is recalibrated and the analysis is repeated. 

• Following completion of the sample analyses, the working 
standards are re - analy zed to confirm calibration 
settings. If calibration settings are confirmed, the 
analysis is completed. However, if the calibration 
settings are not confirmed, the problem is corrected, 
and the analyses are repea t ed . 

• Analysis data may be input (if available) into a 
computer data file for later calculation and 
normalization for matrix effects. 

12.5 Periodic Calibration 

Periodic calibration shall be performed for equipment such 

as balances, thermometers, ovens, and furnaces that are required 

in analytical methods, but which are not routinely calibrated as 

part of the analytical procedure . Documentation of calibration 

shall be kept for each equipment item. 

Calibration requirements are determined within each 

CompuChem laboratory depending upon the equipment used and its 

operating function . 
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13 . 0 Internal Quality Control Checks 

All analyses performed in support of this program will be 

done using standardized laboratory procedures. The QC program 

developed by Metcalf & Eddy will make use of QC samples which are 

both known and unknown, or "blind", to the laboratory, 

calibration check samples, method blanks, field blanks, trip 

blanks, ambient conditions blanks, and replicate aliquot analyses 

(duplicates). The various types of both field and laboratory 

generated QC samples are described below. 

FIELD GENERATED QC SAMPLES 

a. One (1) trip blank with every batch of voe samples (both 
soils and water) sent to the laboratory. Definition of trip 
blank: a sample bottle is filled with ASTM Type II Reagent 
water, transported to the site, handled like a sample, and 
returned to the laboratory for analysis (trip blanks are not to 
be opened in the field). The trip blank for soils is TypeII 
Reagent water, just as in the case of water samples. 

b. One (1) set of equipment blanks for every day of 
sampling (all parameters analyzed). Definition of Equipment 
Blank: Type II Reagent water is poured into the sampling device, 
or pumped through it (in the case of sampling pumps), transferred 
to the sample bottle, and then transported to the laboratory for 
analysis. (Also called De-Con blanks). 

c. Ten (10) percent field duplicates (all parameters 
analyzed) for all sample types. Definition of Duplicate: two 
samples collected independently at a sampling location during a 
single episode of sampling. Field duplicates shall be 
indistinguishable from other analytical samples so that personnel 
performing the analyses are not able to determine which samples 
are duplicates . 

84 



Section No . 13 
Revision No . O ---=-=-----Date: January 31, 1988 
Page 2 of 5 ----

LABORATORY GENERATED QC SAMPLES 

d. One (1) Laboratory Control Standard (LCS) for every 
batch of samples analyzed for all parameters. Definition of LCS: 
Solutions prepared by adding known quantities of EMSL-Cincinnati 
or NBS Standard Reference or independently prepared stock 
materials to deionized water. The LCS are routinely used to 
establish that an instrument or procedure is in Control before 
analysis of samples begins. The analyst notes that LCS result in 
the instrument logbook and on the Control chart; the result must 
be within Control limits before sample analysis begins. An LCS 
is normally carried through the entire sample preparation and 
analysis procedure . 

e . One (1) calibration check sample (CCS) analyzed for each 
10 sampl es analyzed sequentially for inorganic pa r amete r s . 
Definition of CCS: one of the working calibration standards is 
periodically re - analyzed and the subsequent values used to 
demonstrate that the original calibration is still valid . 

f. One (1) method/reagent blank analyzed with each sample 
batch analyzed . Definition of method Blank: laboratory- pure, 
analyte- free water carried through the entire preparation and 
analysis procedure. Analytical results are corrected for the 
method blank values before they are reported. 

g . One (1) holding blank is analyzed for each batch of 
volatile organic samples received. Definition of Bolding 
Blank: Laboratory pure organic- free water is placed into four 
(4) VOA vials by laboratory personnel. Two of the four vials are 
sent with the empty sample containers into the field and are 
referred to as "Trip Blanks" as explained in item a. above. The 
other two vials remain in the laboratory sample bank . Upon 
return of the samples to the lab from the field, the samples are 
held in the sample bank with the holding blanks. If 
contamination found in the samples is suspected to have 
originated in the laboratory sample bank rather than in the 
field, the holding blanks can be analyzed to demonstrate if any 
contaminat i on of samples by the lab sample bank environment 
occurred. 

h. Ten (10) percent l ab replicates (all parameters 
ana l yzed) f or a l l samples . Definition of Replicate : a single 
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sample (e . g . , 9ne particular aliquot) is collected, t hen divided 
into two equal pa r ts for the purpose of de t e r mining analy t ical 
precision . Replicate samples are often called "Splits" if each 
half of the replicate is sent to separate labs for independent 
analysis. Lab replicates can be indistinguishable from other 
analytical samples so that personnel performing the analyses are 
not able to determine which samples are replicates. 

The type and frequency of analysis of each QC sample i s 

shown in Table 13.l. 

Field as well as laboratory generated blanks, duplicates, 

and standards are analyzed alongside samples to provide 

continuous quality control during the determination of trace 

constituents. The blanks are analyzed to provide data on 

possible carry- over contamination of samples by the collection, 

extraction or digestion process and also provide background 

concentration levels in the reagents used during sample 

preparation and analysis. The replicate analyses provide 

laboratory precision data while the certified standards provide a 

measure of accuracy. Field duplicate data provides insight into 

sample variability concerns. 
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TABLE 13 . 1 - QC SAMPLE TYPES, CRITERIA AND CORRECTIVE ACTIONS 

Type 

Trip Blank 

Holding Blank 

Method Blank 

Performance 
Evaluation 
Samples 

Laboratory 
Control Samples 

Laboratory 
Replicate 

Calibration 
Check Sample 

Matrix Spikes 
and l)Jplicates 
(HS/MSD) 

Purpose 

Verifies no contam
ination during sample 
transport/storage 

Verifies no contamin
ation during lab 
storage 

Verifies clean reagents 
and instrument systems 
and lab environment 

Verifies analyst pro
ficiency with method 
and instrumentation 

System performance 
check 

Precision check 

Verifies drift-free 
calibration 

Checks recovery from 
real matrix 

Frequency 

1 /batch of VOC 
samples shipped 

1 /batch of VOA 
VOC samples 
received 

1/batch of 
samples analyzed 

>1/analyst 
during training 

When sample matrix 
interference is 
suspected. 

10J of samples 
received by lab 

> 1/analysis day 
or as specified 
by method 

10J of samples 
unless specified 
otherwise by method 
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Criteria 

No compound 
of interest >5XDL 

No compound 
of interest >5XDL 

No compound 
of interest >5XDL 

<20J RSD, 
>90J recovery 

>90i recovery 

± 85J 

:t 10J original 
curve 

Specified in 
analytical methods 

Corrective 
Action 

Data Qualified or 
resample 

Data Qualified or 
resample 

Clean system, 
data qualified or 
reanalyze affected samples 

Additional tr~ining ; 
check system 

Check system 

Compare with field duplicates 
Check for matrix inter 
ferences 

Recalibrate, 
check system 

Check for matrix 
interferences 
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TABLE 1 3 . 1 - QC SAMPLE TYPES, CR I TERI A AND CORRECTIVE ACTIONS 

(Con t inued) 

Type 

Standard 
Reference 
Materials 

Internal 
Standards 

Surrogate 
Standards 

Field 
Duplicate 

Equipment Blank 
(Decon blank) 

Purpose 

Determine accuracy 
vs. "true value", 
s how comparability 

Monitor instrument 
response; used for 
quantitation 

Determine recoveries, 
control limits, matrix 
effects 

Submit "blind" to 
lab to determine 
sample variability 

Verifies effective 
decon procedures used 
in field 

Frequency 

1/sample batch 
and ma tr ix type 

Every GC and GC/MS 
sample and standard 

All GC and GC/MS 
samples 

10% of samples 
collected 

1/day/sampling 
team/matrix 
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Criteria 

:t 10% 

:t 50% average of 
original curve 

Specified in 
analytical 
methods 

:t 20% 

BDL 

Correct! ve 
Action 

Recalibrate, correc t 
values 

Check system, 
matrix interferences, 
recalibrate 

Check for matrix 
interference3; reanalyze 
samples 

Compare to le.b replicates; 
Check systems, matr ix 
interferences possible 

Data Qualified 
or resample 
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14.0 Performance and Systems Audits 

An audit is a systematic check to determine the quality of 

operation of some function or activity. There are two basic 

types of audits: (1) laboratory performance audits in which 

quantitative data are independently obtained for comparison with 

routinely obtained data in the measurement system; and (2) system 

audits of a qualitative nature that consists of on-site review of 

conformance with quality assurance/control procedures in all 

laboratory and field sampling chemical analysis activities . 

Each Weston Laboratory participating in this project will 

receive at least one performance audit during the analysis of 

project samples. The Weston QA Manager will collect the 

information and reports from these audits conducted by the 

respective Weston Quality Control Coordinators for project files 

and followup as necessary. In addition, the Weston QA Manager 

will conduct at least one system audit at each lab during the 

period of performance. He may be accompanied by Metcalf & Eddy 

personnel and Corps of Engineers personnel, or the latter may 

conduct their own independent system audits . 

The content and conduct of the audits is discussed below . 
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14.1 Performance Audits 

The Quality Control Coordinator is responsible for the 

preparation of Quality Control samples, insertion into the sample 

stream, and analysis of the results. The samples are analyzed on 

a daily, ongoing basis and provide the means for demonstrating 

data quality by statistical analyses. 

To complete internal laboratory reviews, the Quality Control 

Coordinator shall provide ongoing monitoring of laboratory 

operations. The review is conducted on behalf of the Laboratory 

Manager to verify that the laboratory Quality Assurance Program 

is implemented and functioning on a daily basis. The review is 

intended to be a spot check and should include: 

• Sample maintenance 

Are stated temperatures for sample storage 
provided? 

• Calibration 

Is calibration data documented in instrument log 
books, and as part of project data as required? 

Do calibration results indicate a trend in 
instrument performance? 

• Preventive maintenance 

Are adequate spare parts available? 

Do specific instruments have repeated maintenance 
problems? 
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Is preventive maintenance performed and properly 
documented? 

• Receipt and storage of standards, chemicals, and gases 

Are all reagents, chemicals, and gases purchased 
for use in the laboratory of adequate grade for the 
intended use? 

Are certifications of material compositions 
provided when required? 

Are materials adequately stored to prevent 
degradation? 

Are mater i als kept beyond stated shelf life? 

Are internal standards kept beyond stated shelf 
life? 

• Data verification 

Are data processed and validated as prescribed? 

• Records management 

Are the records of analyses complete and properly 
identified? 

Are documents submitted to the record system in a 
timely manner and are they properly maintained? 

Nonconformances observed by the Quality Control Coordinator 

shall be reported to the Laboratory Manager or Quality Assurance 

Manager, if necessary, for corrective action to be taken . The 

Quality Control Coordinator shall keep a log of nonconformances 

observed . The log shall document the nonconformance; date of 
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occurrence; r eason for occurrence, if known; date of cor r ective 

action; and the corrective action taken . 

14 . 2 · System Audits 

System audits may be conducted by the Quality Assurance 

Manager . These audits shall provide a thorough overview of 

implementation of the Quality Assurance Program within the 

laboratory. The audit will focus only on the performance of the 

laboratory for the project. 

System audits will review operation of the laboratory and 

resulting documentation, including all items reviewed by the 

Quality Control Coordinator. Particular emphasis will be placed 

upon implementation of the Quality Control sample program and 

nonconformance log. Review of these aspects of the laboratory 

Quality Assurance Program should indicate trends adverse to data 

quality. 

Audits by the Quality Assurance Manager shall be performed 

in the following manner: 

• An audit plan shall be prepared which considers the 
activities of the specific laboratory. The audit plan 
shall be the basis for the audit and should define: 

participating auditors, applicable documents, 
schedule, scope of laborato r y activities . 
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A lead auditor will be responsible for the audit 
planning and performance . As necessary, technical 
specialists will assist the audit team in preparation 
and conduct of the audit. All persons participating in 
the audit team will be independent of the laboratory 
audited. 

• Based on the audit plan, detailed checklists of 
questions to be asked during the audit will be 
prepared. The checklists will provide adequate means 
for indicating whether or not the question is 
satisfactorily answered, or if it is not applicable, and 
for comments. 

• The audit team will meet at the beginning of the audit 
with the Laboratory Manager to discuss the laboratory 
operations to be audited. The Quality Control 
Coordinator should be available to the audit team 
throughout the audit . 

• At the close of the audit, the audit team will meet with 
the Laboratory Manager to discuss the audit findings. 
As necessary, other laboratory staff and the Quality 
Control Coordinator should attend the audit closure to 
discuss the findings. The lead auditor can close a 
finding during this discussion if the laboratory staff 
can satisfactorily demonstrate that the finding is 
inappropriate. 

Also during the audit-closure meeting, the means for 
corrective action and verifying correction will be 
discussed. If corrective action can be initiated 
immediately after the audit closure, the action should 
be taken. 

• An audit report will be prepared by the lead auditor 
which discusses the following: 

Date and location of audit 

Audit team members and persons contacted in the 
laboratory 
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Description of items requiring corrective action 
and, if possible, the means for correction 

Due date for completion of corrective actions 

Means for verifying completion of corrective action 

Review of the Quality Assurance Program 

The audit report shall be issued as soon as possible 
after completion of the audit (required within 30 days) . 

• The Laboratory Manager is responsible for responding to 
the audit report. Response shall be in writing to the 
lead auditor and shall state the corrective action or 
the action underway. If correction can be_ verified 
through correspondence, the Laboratory Manager shall 
attach documentation of corrective action to the audit 
response. 

Upon receipt of the audit response, the lead auditor 
must verify completion of the corrective action. 

• After verification of corrective action, the lead 
auditor will issue a closure statement stating that all 
corrective action has been completed and the audit is 
closed. All audits must be closed. 

During system audits, the Quality Assurance Manager and/or 

lead auditor should be cognizant of recurring nonconformances in 

a laboratory or trends which will affect quality. Recurring 

nonconformances and trends should be addressed in the audit 

report. Correction for such events may require a review of the 

adequacy of the Qua lity Assurance Program. If the inherent 

problems lies within the Program, the Program shall be amended 

t hrough appropriate revision of Quality Assurance documents . 
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15 . 0 Preventive Maintenance 

Table 15.1 summarizes requirements for the preventive 

maintenance of analytical instrumentation associated with this 

project. 

Written Maintenance records are maintained for all 

laboratory equipment and kept on file. Also, the listed 

analytical equipment in Table 15.1 is maintained under 

maintenance contracts with the manufacturers . 

95 



In
st

ru
m

en
t 

A
na

ly
t

ic
a

l 
B

al
an

ce
 

pH
 

M
et

e
r 

IC
AP

 

A
to

m
ic

 
A

b
so

rp
ti

o
n

 
S

p
ec

tr
o

p
h

o
to

m
et

er
 

In
fr

a
re

d 
S

p
ec

tr
o

p
h

o
to

m
et

er
 

HP
LC

 

"' 0\ 

TA
BL

E 
15

. 1
. 

PR
F.

V
EN

TI
V

E 
M

AI
NT

EN
AN

CE
 

RE
QU

IR
EM

EN
T 

It
em

s 
C

he
ck

ed
/S

er
v

ic
ed

 
F

re
qu

en
cy

 

In
te

rn
al

 
w

ei
gh

t 
tr

a
in

, 
g

ea
rs

, 
A

nn
ua

l 
se

rv
ic

e 
e
le

c
tr

o
n

ic
s 

E
le

ct
ro

n
ic

s 
ch

ec
ke

d 
E

le
c
tr

o
ly

te
 c

ha
ng

ed
 

C
he

ck
 

o
p

ti
cs

 
C

he
ck

 
e
le

c
tr

o
n

ic
s 

C
he

ck
 

to
rc

h
 

C
he

ck
 
o

p
ti

c
s,

 
C

he
ck

 
e
le

c
tr

o
n

ic
s 

C
he

ck
 

va
po

r 
ti

g
h

tn
e
ss

 o
f 

CV
AA

 
S

ys
te

m
 

C
he

ck
 
e
le

c
tr

o
n

ic
s 

C
he

ck
 

o
p

ti
c
s 

C
he

ck
 

re
sp

o
n

se
 

u
si

n
g

 
st

an
d

ar
d

 s
o

lu
ti

o
n

s 

C
he

ck
 
e
le

c
tr

o
n

ic
s 

R
ep

la
ce

 c
ol

um
n 

E
ac

h 
an

al
y

si
s 

da
y 

C
he

ck
ed

 
w

ee
kl

y,
 

ch
an

ge
d 

w
he

n 
lo

w
 

D
ai

ly
 

D
ai

ly
 

Ea
ch

 a
n

al
y

si
s 

da
y 

M
on

th
ly

 
M

on
th

ly
 

E
ac

h 
a
n

a
ly

si
s 

da
y 

A
s 

re
q

u
ir

ed
 

Do
c1

1m
,.,1

1l
a

l 
Io

n 

Lo
g 

bo
ok

, 
se

rv
ic

e 
st

ic
k

e
r 

Lo
g 

bo
ok

 

Lo
g 

bo
ok

 

Lo
g 

bo
ok

 

Lo
g 

bo
ok

 

Lo
g 

bo
ok

 
M

an
ua

l 

R
ef

er
en

ce
 

M
an

u
fa

ct
u

re
r'

s 
M

an
ua

l 

M
an

u
fa

rt
u

re
r'

s 
M

an
ua

l 

M
an

u
fa

ct
u

re
r'

s 
M

an
ua

l 

M
an

u
fa

ct
u

re
r'

s 
M

an
ua

l 

M
an

u
fa

ct
u

re
r'

s 
M

an
ua

l 

M
an

u
fa

ct
u

re
r'

s 
M

an
ua

l 

't:
Jt

-3
 

:X
,;J

:io
 

M
 

tI1
 

<
:t

-i
 

tr:
ltr

:1
 

z 8
1

-'
 

H
 

U
1

 
<:

 •
 

tr:
I 

I-
' 

~ H
 z 8 tr:
I z ;J:i
o z n tr:
I 

't:
l 

o 
:x

, 
en

 
DI

 
Ill

 
11>

 
11>

 
'°

rt
"<

: 
0 

(1
) 

(1
) 

..
..

. 
rt"

 
•
•
 

(l
l 

..
..

 

1-
'•

0 
0

::
, 

y 
::,

 
l'v

ll
ll 

Z
 

::, 
z
o

 
i::

 
0

. 
Ill

 
• 

o 
I t-

1 
H

l 

w
 

I-
' 

I-
' 

...
 

IO
IU

1
 

N
II

-'
 

\0
 

C
D

 
C

D
 



Section No. 16 
Revision No. O --=-=-~-=--c-~ Date: January 31, 1988 
Page 1 of 3 

16.0 Corrective Action Procedures 

Corrective action procedures for this program will be 

initiated by the analytical personnel and their supervisors 

directly involved with implementing the procedures presented in 

the QAPP. Quality control charts for daily instrument 

calibration and replicate analyses will be utilized to indicate 

the necessity for corrective action. Control charts will be 

established for each procedure indicating upper and lower limits 

of three standard deviations as the acceptability ranges. 

Warning ranges are established at two standard deviations . At 

the point when the control charts show a determination outside 

the warning ranges, investigation as to the cause will be 

initiated. Any of the following events that occurs on the 

quality control chart will trigger corrective action: 

• Two consecutive determinations fall outside the upper or 
lower control limits. 

• Runs up -- (seven consecutive determinations increasing 
in value) - - or runs down (seven consecutive 
determinations decreasing in value) . 

• Three consecutive values fall above or below the warning 
limits (two standard deviations). 

Corrective actions will also be initiated as a result of 

other QA activities which include performance audits, systems 

audits, and laborato r y comparison studies . 
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The corrective action relative to the control char t s is 

related more to precision than to accuracy . These charts give 

clues as to when some factor, generally of a procedural nature, 

is causing the results to drift or when an unexpected difference 

beyond the control limits occurs . Data within the upper and 

lower control limits of the control charts are well within the 

precision, accuracy, and completeness criteria. 

These routine analytical corrective action procedures within 

the laboratory will be documented and may result in the 

reanalysis of samples or recalibration of analytical 

instrumentation. Routine corrective action will take place as 

necessary and will not require the approval of the Metcalf & Eddy 

QA Project Officer. However, should significant other events 

occur such as sample breakage or loss, exceeding sample holding 

times, extensive instrumentation downtime, or changes or 

additions to sample clean- up for removal of interferences, the 

laboratory will immediately report these events to 

Metcalf & Eddy . 

Corrective Action Report i ng 

1 . Follow- up Corrective Action r eports will also be 
submitted, in writing, within 48 hours to the CO by the 
l aboratory . I nf o r mation justifying poor r ecovery or 
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precision will be documented when limits are exceeded. 
The Corps QA Laboratory will then decide what further 
corrective action, if any, need be taken . Personnel 
responsible for initiating and executing corrective 
action shall . be indicated in the Corrective Action 
Reports. Those individuals responsible for the 
corrective actions shall sign the bound laboratory log 
books and all documentation citing the corrective 
action. 

2. As required by this contract, Metcalf & Eddy shall 
prepare Design A- E/Construction Contractor Daily Quality 
Control (DQC) Reports. The DQC reports shall be 
prepared per contract specifications and submitted to 
the CO during ongoing field activities. The daily 
report shall contain, at a minimum the following: 

• Location of Work 

• Weather information 

• Work performed 

• Specific inspections performed and results 

• Problems identified 

• Corrective actions, if any 

• Verbal or written instructions from government 
personnel for retesting 

• Type of tests performed, samples collected, 
personnel involved, and results of tests 

• General remarks 

• Calibration procedures and recordings 

• Design A- E's/construction contractor's 
certification 

3. To summarize project - specific QA/QC activities, a Design 
A- E/Construction Contractor Quality Control Summary 
Report will be prepared by the QA Project Officer upon 
conclusion of this project for CO approval. 

99 



Section No . 
Revision No . 
Date: April 12, 
Page 1 of 

17.0 Procedures for Assessing Precision, Accuracy and 

Completeness . 

17 
1 
1988 

9 

Following are the procedures recommended for evaluating the 

precision and accuracy of all environmental measurement data 

generated by this project. Quality control sample analyses are 

performed as appropriate for organic or inorganic sample analyses 

as discussed in Section 13. The protocol used will be in 

accordance with specific analytical procedures if QC requirements 

are stated in the procedure. 

17.l Review of QC Samples Data 

When the analysis of a sample set is completed, the results 

will be reviewed and evaluated to assess the validity of the data 

set. Review is based on the criteria in Table 13.1, applied as 

follows: 

• Reagent Blank Evaluation - The reagent and/or method 
blank results are evaluated for high readings 
characteristic of background contamination. If high 
blank values are observed, laboratory glassware and 
reagents will be checked for contamination and the 
analysis halted until the system is brought under 
control before further sample analysis proceeds. A high 
background is defined as a background value greater than 
20 ~g/L for common laboratory solvents and greater than 
detection limits for all other analytes. 
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• Field Blank Evaluation - Field blank results are 
evaluated for high readings similar to the reagent 
and/or method blanks described above. If high field 
blank readings are encountered, the procedure for sample 
collection, shipment, and laboratory analysis should be 
reviewed. If both the reagent and/or method blanks and 
the field blanks exhibit significant background 
contamination, the source of contamination is probably 
within the laboratory. 

• Matrix Spike Evaluation - The observed recovery of the 
spike versus the theoretical spike recovery is used to 
calculate accuracy as defined by the percent recovery. 
The average accuracy value, (the average percent 
recovery), may be plotted on a control chart for the 
parameter determined. If the average accuracy value 
exceeds the warning limit for the given parameters the 
Quality Control Coordinator is notified. If the average 
accuracy value exceeds the control limit, the sample set 
may be reanalyzed for the parameter in question . 

• Calibration Standard Evaluation - The calibration curve 
is evaluated to determine linearity through its full 
range, and to verify that sample values are within the 
range defined by the low and high standards. If the 
curve is not linear, (correlation coefficient <0.995) 
sample values must be corrected for nonlinearity by 
deriving sample concentrations from a graph or by using 
an appropriate algorithm to fit a nonlinear curve to the 
standards. 

• Replicate Sample Evaluation - Duplicate sample analysis 
for the sample set is used to determine the precision of 
the analytical method for the sample matrix. The 
duplicate results are used to calculate the precision as 
defined by the relative percent difference (RPO). If 
the precision value exceeds the warning limit for the 
given parameter, Quality Control Coordinator is If the 
precision value exceeds the control limit, the sample 
set must be reanalyzed for the parameter in question. 
Attainable precision limits will be specified by the 
Quality Control Coordinators and updated periodically 
following review of data. 
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• Replicate Analysis Evaluation - The replicate analyses 
are evaluated in the same manner as described above for 
the duplicate sample analysis and are treated as 
duplicate results for purposes of evaluating the 
precision of the analytical method. This evaluation is 
performed independently by the laboratory analyst, and 
may involve the use of Matrix Spike/Matrix Spike 
Duplicates for organics, and Matrix Spike/Duplicate 
Analysis for inorganics. 

• Reference Standard Evaluation - Standard Reference 
Material analyses are compared with true values and 
acceptable ranges. Values outside the acceptable ranges 
require corrective action to determine the source of 
error and provide corrective action. All sample 
analyses should be halted pending this evaluation. 
Following correction of the problem, the Standard 
Reference Material should be reanalyzed. 

• Check Standard Evaluation - The results of check 
standard analyses are compared with the true values and 
the percent recovery of the check standard is 
calculated. If correction is required, the check 
standard should be reanalyzed to demonstrate that the 
corrective action has been successful. 

• Surrogate Standard Evaluation - The results of surrogate 
standard determinations are compared with the true 
values spiked into the sample matrix prior to extraction 
and analysis and the percent recoveries of the surrogate 
standards are determined. Average recovery values for 
surrogates in each GC/MS fraction will be plotted on 
control charts. 

17.2 Evaluation of Data Using Control Charts 

Weston Laboratories will apply precision and accuracy 

criteria to each parameter that is analyzed. When analysis of a 

sample set is completed, the quality control data are reviewed 
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and evaluated through the use of control charts to validate the 

data set . 

Control charts will be established for all major analytical 

parameters . A minimum of ten measurements of precision and 

accuracy are required before control limits can be established. 

Once established, control limits will be upda ted (by the Quality 

Control Coordinator) as additional precision and accuracy data 

become available . 

17 . 3 Evaluation of Analytical Precision 

Because the referenced analytical methods present precision 

acceptance criteria as "advisory" only, acceptable precision will 

be defined as: when at least½ of the compounds analyzed pe r 

parameter group (i . e. metals, VOA, etc.) meet advisory acceptance 

criteria. 

For replicate results D1 and D2 , the RPD is calculated from 

Equation 17-1: 

RFD% = + X 100 (17 - 1) 

2 

When the RPD is obtained for at least ten replicate pairs, 

the average RPD and the standard deviation are calcula ted using: 
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n 
E m. m = i l (17-2) = 1 
n 

and 

/J= - 2 
Sm = (m-m) (17-3) 1 

n-1 

where 

m = the RFD of a replicate pair, 

m = the average of the Relative Percent Difference 
determinations, 

Sm= the standard deviation of the data set of 
RFD determinations, and 

n = the number of RFD determinations. 

When constructing a control chart for a specific parameter, the 

Warning and Control Limits are then calculated from the 

following: 

Upper Control Limit = m + 3 Sm 
Lower Control Limit = m - 3 Sm 
Upper Warning Limit = m + 2 Sm 
Lower Warning Limit = m - 2 Sm 

A control chart is established by plotting the RFD of each 

replicate pair on a graph generated as follows: 

• The calculated RFD of each replicate pair is plotted on 
the graph to determine whether the RFD is within the 
Warning and Control Limits of the Control Chart. 
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• If the RPD plots between the Warning and Control Limits, 
the Quality Control Coordinator will be notified for a 
decision as to how to proceed. 

• If the RPD plots outside the Control Limits, the data 
set is invalid and the analysis will be halted until the 
source of error has been determined and corrective 
action taken. Once the error source has been resolved, 
the data set will be reanalyzed. 

17.4 Evaluation of Analytical Accuracy 

Because the referenced analytical methods present Accuracy 
acceptance criteria as "advisory" only, acceptable accuracy will 
be defined as: when at least½ of the compounds analyzed per 
parameter group (i.e. metals, VOA, etc.) meet advisory acceptance 
criteria. 

To determine the accuracy of an analytical method and/or the 
Laboratory Analyst, a periodic program of sample spiking is 
conducted . The results of sample spiking will be used to 
calculate the quality control parameter for accuracy evaluation, 
the Percent Recove r y (%R) . 

The %R is defined as 100 times the observed concentration, 
minus the sample concentration, divided by the true concentration 
of the spike . 

o. 
%R l. = 

where 
%R 
0, 
01 
T7 

l 

0 s 
T, 

l 

= the 
= the 
= the 
= the 

X 100% (17-4) 

Percent Recovery 
Observed Spiked Sample Concentration, 
Sample Concentration, and 
True Concentration of the Spike. 

The true Concentration is calculated from the Equation below: 

T. = 
l 

(17 - 5) 

Spike Concentration [c] (mg/L) x Volume of Spike (in mL) 
Volume of Sample [in mL] + Volume of Spike [in mL] 
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When the Percent Recovery is obtained for at least ten spiked 

samples, the mean percent recovery and the standard deviation are 

calculated using the formulae: 

and 

where 

%R = 

n 
r %R 

i + 1 
n 

( %R -. %R) 2 

= 1 l 

n - 1 

i 

%~ = the Mean Percent Recovery, 

(17 - 6) 

(17-7) 

%Ri = The Percent Recovery of a Single Spiked 

Sample, 

n = the number of results, and 

SR = the Standard Deviation of the data set of 

Percent Recovery determinations. 
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The Warning Control Limits are then calculated from the following 

equations: 

Upper Control Limit = %R + 3 SR 

Lower Control Limit = %R - 3 SR 

Upper Warning Limit = %R + 2 SR 

Lower Warning Limit = %R - 2 SR 

A control chart is generated by plotting the Percent Recovery 

data on a graph as follows: 

• The average of the Percent Recovery determinations for 
the original data set is established as the midpoint on 
the Y axis above the mean of the Percent Recovery on the 
graph. 

• The Upper Warning and Control Limits calculated above 
are plotted as solid horizontal lines across the graph 
at their respective points on the Y axis above the mean 
of the Percent Recovery determinations. 

• The Lower Warning and Control Limits calculated above 
are plotted as solid horizontal lines. 

• The calculated Percent Recovery of each spiked sample is 
plotted on the graph to determine whether the Percent 
Recovery is within the Warning and Control Limits of the 
Control Chart. 

• If the Percent Recovery plots between the Warning and 
Control Limits, the Quality Control Coordinator is 
notified for a decision as to how to proceed. 
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• - If the Percen t Recovery plots outside the Control 
Limits, the data set is invalid and the analysis will be 
halted until the source of error has been determined and 
corrective action taken. Once the error source has been 
resolved, the data set will be reanalyzed . 

• When an add i tional ten Pe r cent Recoveries have been 
determined, the Warning and Control Limits will be 
r ecalculated for the entire data set and the Control 
Chart for the corresponding parameter is updated . 

All control charts are maintained by the Quality Control 

Coordinator. 

17.5 Evaluation of Completeness 

Completeness is calculated as the percentage of total usable 

data points out of the set of total data points collected and 

analyzed and available. Data points may not be usable if samples 

exceeded holding times, or if quality control sample criteria 

were not met and reanalysis of samples is not possible, or if 

samples were broken in the lab . 
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18.0 Quality Assurance Reports to Management 

18.1 Metcalf & Eddy, Inc. 

At monthly intervals for the duration of the field sampling 

and chemical analysis activities of this project, the Metcalf & 

Eddy QA project officer will prepare summary reports on the 

performance of measurement systems and data quality. These 

reports will address, at a minimum, the following: 

• Results of performance audits of all field sampling and 
laboratory analysis activities performed during the 
subject reporting period 

• Results of system audits 

• Assessment of measurement data accuracy, precision, and 
completeness, including review of all Weston laboratory 
measurement data 

• Significant QA problems and recommended solutions 

Information provided in the periodic QA reports will be 

summarized for inclusion in the final project report. 

18 . 2 Weston Laboratories 

18.2.1 Performance Audit Reporting . The internal laboratory 

review activities of the Quality Control Coordinator shall be 

summarized in a monthly report to be submitted to the M&E QA 

project o f ficer . 
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The report may be in the form of a checklist, with brief 

narratives as required, describing the activities reviewed . A 

copy of the nonconformance log for the month shall be attached . 

The monthly report shall emphasize ongoing or recurring 

problems. To demonstrate review, the Laboratory Supervisors 

affected and the Laboratory Manager shall sign and date the 

report. The signed copy shall be maintained by the Quality 

Control Coordinator for a period of two years after the date of 

the report. 

18.2.2 System Audit Reporting. Audit reports prepared from the 

system audit shall be distributed to the Director, Analytical 

Services; Laboratory Manager; and the Quality Assurance Manager 

(if the lead auditor is not the Quality Assurance Manager). The 

Vice President and Quality Assurance Manager shall sign and date 

their copies to demonstrate review, and the copies shall be 

maintained by the Quality .Assurance Manager for two years after 

the date of the report audit . 

18.2.3 Nonconformance/Corrective Action Resolution from System 

Audits. The Laboratory Manager and Quality Assurance 

Manager shall seek to resolve directly all differences concerning 
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cited nonconformances, requests for corrective action, or the 

completion of corrective action. If the differences cannot be 

resolved, the Vice President, Environmental Services shall be the 

arbiter . The decision of the Vice President is final. 

18 . 2 . 4 Management Review of the Quality Assurance Program. 

Review of the appropriateness and adequacy of the Quality 

Assurance Program is ongoing . At anytime, the Laboratory Manager 

should present recommended changes to the Quality Assurance 

Manager . 

During system audits, the Quality Assurance Pr ogram should 

be discussed. The audit report will document recommendations 

made by either the Laboratory Manager or the audit team for 

revision . 

In addition to these reviews, the Vice President, 

Environmental Services, shall conduct an annual review of the 

Quality Assurance Program considering: 

• Results of system audit reports, i.e., are undesirable 
trends occurring? 

• Is the present status of Quality Assurance documents 
adequate? Should manuals be revised; are new manuals 
needed? 

• Are audits fulfilling their purposes? 
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The Environmental Services Director will consult with the 

Laboratory Managers and the Quality Assurance Manager during the 

review as deemed appropriate. To document the review, the Vice 

President of Environmental Services will issue a memorandum to 

the Quality Assurance Manager and Laboratory Managers stating the 

extent of the review and recommendations. 
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Fields of Competence 

Laboratory and program/project management relating to 
the environmental industry; trace analyses of organic 
compounds using gas chromatographic and mass spec
trometric technologies; sample collection and field 
determinations, especially involving volatile organic 
compounds found in process gas streams. 

Experience Summary 

Fourteen years of technical and management ex
perience in commercial environmental laboratories, 
health care and university institutions. Laboratory 
management experience is complemented by a strong 
background in advanced chemrcal instrumentation, 
especially in gas chromatography/mass spectrometry. 
This foundation is supplemented with numerous pro
ject/program management roles , including major 
technical and management activities in the Rocky Flats 
CEARP program, U.S. EPA hazardous waste incineration 
and 301(h) analytical programs, and Gas Research In
stitute landfill gas recovery programs. Additional ex
perience includes involvement in marketing en
vironmental chemistry capabilities to commercial and 
government clients. 

Credentials 

B.S., Animal Sciences-University of Arkansas (1970) 

M.S., Animal Nutrition/Biochemistry- University of 
Arkansas (1971) 

Employment History 

1986-Present 

1986 

1983-1985 

WESTON 

Thermo Analytical Inc. 

McKesson Environmental Services 

Norman W. Flynn 

1980-1983 

1978-1980 

1977-1978 

1976-1977 

1972-1976 

Key Projects 

Science Applications, Inc. 

Acurex Corporation 

University of California, San Francisco 

Stanford Research Institute 

University of Tennessee Center for 
Health Sciences 

Analytical program direction and coordination of three 
WESTON and three subcontract laboratories in support 
of Rocky Flats CEARP activities. Responsible for coor
dination of sampling schedules with analytical 
laboratories, work flow management at WESTON on-site 
laboratory, data deliverables from the laboratories to the 

· program office, and interfacing with program data 
management section. 

Program management responsibilities for analytical 
portion of Gas Research Institute, Environmental Health 
and Safety Division programs involving trace consti
tuent identification and removal from landfill gas. 
Developed gas chromatography/mass spectrometry 
methods for determination of individual volatile trace 
constituents using cryogenic capillary column techni
ques. Developed portable detector systems for deter
mination of total halogenated and sulfonated com
pounds at the parts-per-million level. Evaluated major 
treatment technologies for removal of trace consti
tuents from landfill gas. 

Program management responsibilities for California Air 
Resource Board program designed to characterize 
hazardous wastes generated In California and supple
ment historical characterization (manifest) data with 
laboratory analyses from selected waste processes. 

Technical Manager for gas chromatographic analyses of 
industrial effluents in the Puget Sound. Program per-
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Fields of Competence 
Trace organic and inorganic analysis using U.S. EPA, 
ASTM, AIHA methodology; analytical methods develop
ment; collection and analysis of environmental samples 
Including ambient air, stationary source discharges, 
water, wastewater, biological tissue, biological fluids, 
soils, sediments and hazardous waste; development 
and implementation of laboratory quality assurance and 
quality control programs. 

Experience Summary 
Fourteen years experience In the following areas: 

Preparation and analysis of environmental samples for 
inorganic and organic analytes using GC, GC/MS, AA, 
ICP, HPLC and wet chemical techniques. Method 
development for selected priority pollutant analytes in 
chemical process wastewater as part of U.S. EPA BAT 
program. 

Development of methods for analysis of 
tetrachlorinated dibenzo-dioxin (TCDD) isomers In 
organic liquids and commercial chlorinated phenols us
Ing GC/MS selected ion monitoring techniques. 

Methods validation for use of volatile organic sampling 
train (VOST) to collect and analyze volatile organic emis
sions from hazardous waste incinerators. Sampling and 
analysis of selected analytes in multimedia emissions 
from Refuse Derived Fuel (RDF) Waste-to-Energy pro
cesses. 

Credentials 
B.A., Chemistry- Wittenberg University (1963) 

Ph.D., Chemistry-Michigan State University (1970) 

Employment History 

1984-Present 

1982-1984 

1977-1982 

1973-1977 

1972-1973 

1969-1972 

WESTON 

Envirodyne Engineers, Inc. 

Midwest Research Institute 

Snell Environmental Group 

Clyde E. Williams and Associates 

Notre Dame University 

Earl M. Hansen, Ph.D. 

Key Projects 
Managed a program to analyze environmental samples 
for 2,3,7,8,-TCDD for the U.S. EPA. This program re
quired the analysis of over 2,000 environmental samples 
in 1983. 

Managed a sampling and analysis contract for U.S. EPA 
at Research Triangle Park, North Carolina. This program 
focused on the evaluation of a volatile organic sampling 
train (VOST) for the collection of volatile organic com
pounds from the gaseous effluents of hazardous waste 
Incinerators. Directed the construction of two VOST 
trains and developed a protocol for the use of VOST to 
evaluate the performance of hazardous waste In
cinerators. 

Managed five laboratory tasks as part of a contract with 
United States Army Toxic and Hazardous Materials 
Agency (USATHAMA) for contamination survey of Army 
Installation. This Included development and validation 
of methods for selected analytes using the USATHAMA 
Quality Assurance Procedure. 

Participated in the design and preliminary evaluation of 
a laboratory-scale thermal destruction system to be used 
to evaluate the feasibility of incineration of liquid and 
solid hazardous wastes. Directed a multi-task program 
which required quick response methods evaluation and 
analysis of groundwaters and soils from hazardous 
waste disposal sites. Samples received in this program 
were analyzed for substituted phenols and poiynuclear 
aromatic hydrocarbons (PAH's) using GC/MS and HPLC. 

Managed a program to analyze process wastewaters 
from six organic chemical manufacturing plants. This 
program was conducted for the U.S. EPA to identify and 
quantify the presence of organic and Inorganic priority 
pollutants in these wastewaters. The project required 
design of sampling plans, development and evaluation 
of analytical methods, and collection and analysis of 
over 250 samples. These data were incorporated into the 
database which, is to be used by U.S. EPA to establish 
Best Available Treatment Technology (BAT) regulations 
for the organic chemical manufacturing industry. 

Led the evaluation, selection, and recommendation of 
an Inductively-coupled plasma (ICP) spectrophotometer 
which was purchased as an addition to MAi's atomic 
s ectrosco Instrumentation in 1981 . 

Professional Profile 
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Fields of Competence 

Laboratory management . Analytical chemistry methods 
development, evaluation and analysis, with extensive 
experience in foods, soils and environmental samples. 

Experience Summary 

Twenty years experience in university and industrial 
laboratories, conducting analytical research and 
methods development, and supervision of laboratory 
personnel. Variety of practical experience in sample 
preparation, instrumental analysis, analytical quality 
control , and troubleshooting. 

Credentials 

8.5., Biological Science-Oklahoma State University 
(1971) 

M.S., Food Science-Louisiana State University (1977) 

Institute of Food Technologists 

Louisiana Association of Agronomy 

Employment History 

1986-Present 

1977-1981 

1972-1977 

1967-1972 

WESTON 

Perkin-Elmer Corporation 

Louisiana State University 
Soil Testing Laboratory 

Oklahoma State University 
Animal Science, Biochemistry and 
Dairy Science Laboratories 

Margaret M. Beaty 

Key Projects 

Managed field laboratory in preparation and analysis of 
hazardous waste samples. Monitored data and 
analytical quality control to verify results. 

Wrote product specifications and performed evaluation 
and testing of new laboratory instrumentation for 
atomic absorption spectrophotometry. 

As Applications Chemist, performed methods and ap
plications development for atomic spectroscopy. Pro
vided technical support and training for clients and in
house personnel. 

Conducted research and development on soil digestion 
and extraction techniques. Work included chemical 
analysis, quality control and evaluation of results. 

Laboratory Supervisor, responsible for personnel 
management, work assignments, and technical training 
for laboratory technicians. 

Conducted meat and protein research, including prox
imal analysis, enzyme assays, protein extraction, 
separation and gel electrophoresis. Gained experience 
in small-scale food production and taste panel. 

Dairy science laboratory work, including milk enzyme 
separation, analysis and electrophoresis, and research 
on dairy waste products. 

Professional Profile 



Field of Competence 

His graduate and post-doctoral research was directed 
toward the development and appl ication of analyt ical 
methods for the study of small molecule metabolism. He was 
involved with the design and construction of a combined, 
computerized radio-gas chromatograph/mass spectrome
ter (RGC/MS} and its application to metabolic studies in 
fungi, plants and algae. For seven years at Southwest 
Research Institute he worked on developing methods for 
analysis of trace levels of organic pollutants in a variety of 
environmental matrices, characterizing potentially toxic 
organic constituents resulting from combustion processes 
and developing approaches to analyzing hazardous wastes. 
As manager of the GC/MS facility at Southwest Research 
Institute he also supported research in organic synthesis, 
fuel characterization, electronic component failure analysis 
and biochemistry. 

Credentials 

B.S., Chemistry - Geneva College (1969) 

Ph.D., Biochemistry - University of Pittsburgh (1975) 

Employment History 

1984-Present 

1978-1984 

1975-1978 

Key Projects 

WESTON 
Organic Laboratory Manager 

Southwest Research Institute 
Manager, Mass Spectrometry 

University of Pittsburgh 
Research Associate 

Development of GC methods for the analysis of industrial 
process waters and effluents using a wide variety of detec
tors (ECO, Hall, PIO, FID, NPD, TCD, FPO}. 

Characterization of organic pollutants in municipal sludges 
using GC/MS. 

Analysis of biota and sediments from an oil producing area 
in the Central Gulf of Mexico to determine the presence and 
extent of contamination of petrogenic hydrocarbons. 

Carter P. Nulton 

Characterization of organic wastes generated by the organ 
obromine industry. 

Studies to elucidate the mechanism(s} of sediment formation 
in diesel fuel using pyrolysis capillary GC!MS and FT-IA. 

Sampling and analysis of feed stocks emissions and wastes 
from a coal/refuse co -fired power plant with emphasis on 
determining if chlorinated pollutants (particularly dioxins) 
were evolved. 

Analysis of combustion products arising from halocarbon 
polymers. 

Publications 

C.P. Nulton. Secondary Metabolism in Pennicillium brevi
compactum. Ph.D. Thesis, University of Pittsburgh, Pitts 
burgh, Pennsylvania, 1975. 

C.P. Nulton, J.D. Naworal, I.M. Campbell and (in part} E.W. 
Grotzinger, Combined Radio Gas Chromatography/Mass 
Spectrometry Detects Intermediates in Mycophenolic Acid 
Biosynthesis. Analytical Biochemistry, 75:219-233, 1976. 

C.P. Nulton and I.M. Campbell. Mycophenolic Acid is Pro
duced During Balanced Growth of Pennicillium brevicom
pactum. Cand. J. Microbiol., 23:20-27, 1977. 

I.M. Campbell, D.L. Doerfler, S.A. Donahey, R. Kadlec, E.L. 
McGandy, J.D. Naworal, C.P. Nulton, M. Venza-Raczka, and 
F. Wimberly. A Software Package to Collect and Process 
Aad iogas Chromatographic Data. Analytical Chem., 49:1726-
734, 1977. 

C.P. Nulton and I.M. Campbell. Labelled Acetone and Levu
linic Ac id Are Formed. When C-Acetate is Being Converted 
to Mycophenolic Acid in Pennicillium brevicompactum. 
Cand. J. Microbiol., 24:199-201, 1978. 

D.L. Doerfler, C.P. Nulton, C.D. Bartman, F.J. Gottlieb, and 
I.M. Campbell. Spore Germination, Colony Development, 
and Secondary Metabol ism in Pennicillium brevicompac
tum:A Radiogas Chromatbgraphic and Morphological Study. 
Cand. J. Microbiol., 24:1490-1501, 1978. 
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Fields of Competence 

Environmental sampling and analysis. Gas 
chromatography and HPLC. Data compliance with EPA 
and USATHAMA requirements. Instrument automation 
and technical writing. Mobile lab operation. Method 
development. 

Experience Summary 

Residue analysis of environmental, Industrial, and 
bioassay samples for hydrocarbons, pesticides, priority 
pollutants and explosives. 

Baseline oceanographic sampling and analysis. 
Damage assessment in herbicide application cases . Im
plementation of U.S. EPA protocol for pesticides by gas 
chromatography. Explosives analysis for USATHAMA 
on soil and water samples by HPLC. Method develop
ment for laboratory and field use. 

Credentials 

B.S., Chemistry and Marine Science-Southampton Col
lege (1976) 

Student Intern-Woods Hole Oceanographic Institute 

American Chemical Society 

George H. Perry 

Employment History 

1983-Present 

1977-1983 

1975-1977 

Key Projects 

WESTON 

Energy Resources Company, Inc. 

New York Ocean Science 
Laboratory 

As contractor to U.S. EPA in Kansas City, reviewed data 
assessing dioxin distribution In Missouri. 

Developed methodology for rapid field screening of soil 
and water samples for total PAH content. 

Developed methodology for rapid field screening of soil 
samples for PCB and DOT. 

Outfitted moblle trailer as field laboratory to support 
sampling with field analysis by rapid extraction and gas 
chromatography. 
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Fields of Competence 

Laboratory operations management; direction of prod
uct development and engineering ; development of new 
analysis methods. 

Experience Summary 

More than 17 years experience In laboratory research, 
operations and management In academia, government 
and consulting. Accomplishments have Included: 
development of laboratory management team, 
reorganization of professional staff, implementation of 
laboratory expansion, development of broad-based 
laboratory certifications, implementation of control pro
cedures regarding product development and efficiency. 

Credentials 

A.B. , Chemistry/Mathematics - Franklin College of 
Indiana (1965) 

M.S., Inorganic Chemistry- University of Hawaii (1968) 

Ph.D., Inorganic Chemistry- University of Hawaii (1970) 

Employment History 

1987-Present WESTON 

Richard J. Ronan, Ph.D. 

1978-1987 

1976-1978 

1974-1976 

1973-1974 

1970-1973 

Key Projects 

Versar, Inc. 

Fisher Scientific, 
Jarrell-Ash Division 

U.S. EPA, Region V 

Iowa State University, 
Ames Laboratory 

Simpson College 

Developed and managed first model of final test ap• 
proach for chemically contaminated buildings. 

Obtained national acceptance of new metals analysis 
technique for Region V NPDES permit work. Resulted in 
annual savings ranging from $100,000 to $300,000. 

Designed and developed a computer-based Data 
Management System, which saved five man-years effort 
per year. 

Worked out analytical quality control procedures, which 
are now standard, for lead In gas for both field and 
laboratory. 

Developed several new procedures for analysis of 
dredged material. 

Professional Profile 
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Fields of Competence 
Ambient, source and industrial hygiene air pollution 
monitoring; analytical wet chemistry using ASTM and 
U.S. Environmental Protection Agency (U.S. EPA) 
methodology; microbiological analysis of water, 
wastewater, air and humans; collection and analysis of 
drinking water, industrial process streams and hazar
dous wastes. 

Experience Summary 
Thirteen years experience In the following areas: 

Method development for U.S. EPA ambient and sta
tionary source monitoring methods. Team leader for 
numerous air program evaluations and compliance tests 
for industry and government. Method development for 
detecting pesticides and PCB's in air by use of solid sor
bent media. Sampling and analysis of pesticides and 
PCB's in indoor atmospheres and at hazardous waste 
facilities using polyurethane foam sampling cartridges. 
Method development for concentrating and collecting 
biological and viral organisms around sewage treatment 
facilities and sewage spray Irrigation operations to 
determine aerosolization characteristics. 

Method development for U.S. EPA water and wastewater 
methods for nitrosamines, phthalate esters, and 
pesticide/PCB's. Conducted collaborative testing pro
gram for nitrosamine and pesticide/PCB methods. Ex
perience in wet chemical techniques for inorganic and 
organic constituents in liquid and solid matrices. 

Familiar with U.S. EPA and standard method procedures 
for the analysis of metals, inorganics, herbicides, 
pesticides, PCB's and acid/base/neutral extractables for 
GC/MS analysis. 

Method development for a variety of environmental 
matrices from hazardous waste to analyze for trace-level 
organic pollutants. 

Credentials 

B.A., Microbiology- University of Texas at Austin (1971) 

Employment History 

1985-Present WESTON 

James M. Taylor 

1973-1985 

1972-1973 

1971-1972 

Key Projects 

Southwest Research Institute 

Kelsey • Seybold at NASA 

Southwestern Laboratories 

Conducted sampling and analysis of potentially hazar
dous industrial waste from plants in several industrial 
categories. The purpose of the study was to 
characterize wastes in accordance with U.S. EPA's May 
19, 1980 regulations. 

Participated in sampling and analysis of industrial 
wastewaters from numerous plants in the plastic and 
organic chemicals industrial categories for priority 
pollutants under a program for U.S. EPA-EGD. This ef
fort was for both screening and verification analysis of 
Industrial wastewater. One of the methods developed 
was a microextraction procedure that was later adopted 
by the U.S. EPA-EGD for use In the verification pro
grams. 

Participated in sampling and analysis program in the en
vironmental monitoring effort of Love Canal program 
sponsored by U.S. EPA-EMSL. 

Participated In method development and collaborative 
studies of U.S. EPA Stationary Source Methods 
2,3,4,5,6,7,8,9 and 17. Also participated in collaborative 
testing of Methods 2, 3 and 5 using paired particulate 
sampling trains. 

Participated In two programs jointly funded by U.S. EPA 
and U.S. Army Medical R&D to evaluate health implica
tions of sewage treatment facilities and to evaluate 
health effects associated with the application of 
wastewater to land. 

Participated In a U.S. EPA program to develop and 
validate analytical methods for pesticides, PCB 's, 
nltrosamines, and phthalate esters in using non - GC/MS 
techniques. These methods were later proposed as 
Federal Register methods 606, 607, and 608 for quan
titative analysis of drinking, surface, and wastewater 
samples. 

Participated In a comprehensive seven-year monitoring 
and ecological analysis of a coastal power plant con-
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Fields of Competence 

Laboratory QA/QC development and implementation; 
data management coordination, including quality 
assurance and quality control procedures; identification 
and quantification of chemicals through the use of in
strumental and wet methods of analysis; chemical and 
microbiological analysis of potable, surface, and 
wastewater. 

Audit of laboratory fate-and-effect studies to ensure 
conformance to EPA-Good Laboratory Practices for 
regulated substances . Data validation of 
organic/inorganic analyses for hazardous substance list 
compounds. Technical audits of the analytical 
laboratory to evaluate laboratory performance facilities, 
and conformance to client program requirements. 
Development, implementation, and management of 
laboratory quality assurance and quality control pro
grams. 

Experience Summary 

Documentation of major contract laboratory projects for 
government agencies, Including USATHAMA and EPA. 
Data validation for the U.S. EPA • Contract Laboratory 
Program. Client/agency audits of the WESTON 
laboratories and required audit response with laboratory 
management. Coordinate functions for application/ 
maintenance of laboratory licenses and certifications, 
Including participation In lnterlaboratory performance 
evaluation audit studies. Internal QA/QC audits of 
WESTON laboratories to monitor and evaluate ongoing 
QA programs. 

Laboratory QA/QC requirements Including compilation 
of analytical lab SOP's and maintaining and updating 
the lab QAiQC Manual; conducting laboratory audits, 
maintenance of certification records and requirements. 

As Data Management Coordinator: track sample status 
from log-In through final reporting and sample disposal; 
prepare lab QA samples and subsequent performance 
reports; Interface with clients and regulatory agencies 
for monitoring/auditing purposes. 

Analysis of process and Industrial waters; quality con
trol checks of water treatment chemicals; chemical and 

Dianne S. Therry 

microbiological analysis of streams, drinking water, and 
domestic and industrial wastewater using EPA and 
APHA Standard Methods of Analysis. Methodology in
cludes wet methods of analysis, AA, GC, Auto Analyzer, 
and TOC. 

Courtroom experience at local and Federal levels with 
regard to laboratory analyses. 

Credentials 

B.S., Chemistry Education - West Chester State Col
lege (1974), ACS Accredited Program. 

Post-graduate courses in priority pollutants techniques 
of analysis; gas chromatography; water microbiology; 
toxicology; geochemistry; geological field studies; 
physics of the atom. Refresher courses In AA and GC. 

Certified by EPA and the State of Pennsylvania to per
form and supervise water microbiology. 

American Chemical Society, Philadelphia Local Section, 
Division of Environmental Chemistry 

Remedial Response Health and Safety Training Course 
(1985) 

Project Management Course (1985) 

Employment History 

1982-Present 

1977-1982 

Winter-Summer 
1977 

1974-1976 

Key Projects 

WESTON 

Chester County Health Department, 
Public Health Laboratory 

Nalco Chemical Company 

West Windsor-Plainsboro 
High School 

Developed, implemented, and coordinated a system for 
the assembly and audit of QA deliverable packages for 
the EPA Contract Laboratory Program, Including com
pilation of a standard practices manual and training of 
personnel. 

Professional Profile 



2187 

Fields of Competence 

Trace inorganic analys is using U.S. EPA methodology; 
development of laboratory quality assurance/quality 
control programs; management of analytical services; 
analytical protocol development ; data quality/useability 
assessment. 

Experience Summary 

Laboratory/project management . Technical staff train
ing. Laboratory QA/QC, laboratory audits, documenta
tion of analytical standard operating procedures. Data 
validation/useability assessment of CLP inorganic data. 
Preparation and analysis of environmental samples for 
inorganic analytes using atomic absorption, ICP and 
wet chemical techniques. 

Credentials 

B.A., Chemistry- Cedar Crest College (1978) 

Graduate Studies , Environmental/Analytical Chemistry 

University of Maryland (1978-80) 

Employment History 

1986-Present 

1985-1986 

WESTON 

U.S. EPA Headquarters, 
Washington, D.C. 

Debra K. White 

1984-1985 

1980-1984 

Key Projects 

U.S. EPA Region Ill, Central 
Regional Laboratory 

JTC Environmental Consultants, Inc. 

Program management for the U.S. EPA Contract 
Laboratory Program (CLP). Technical/contractual over
sight of 16 inorganic CLP laboratories. Analytical 
method/protocol development. Onsite laboratory 
evaluations. Oversight of interlaboratory performance 
evaluat ion studies. Coordination of technical review 
caucuses. 

Principle author of U.S. EPA manual for inorganic data 
validation under the Contract Laboratory Program. 

Publications 

White, D.K., "Inorganic Analytical Methods - General 
Description and Qual ity Control Considerations." Quality 
Control in Remedial Site Investigation: Hazardous and 
Industrial Solid Waste Testing, Fifth Volume, ASTM STP 
925, C.L. Perket, Ed. American Society for Testing and 
Materials, 1986. 

Fowler, J.W., G. Ward, and D.K. White, et al., "Inorganic 
Analytical Methodology In the United States En• 
vironmental Protection Agency Contract Laboratory Pro• 
gram." Proceedings of the Water Pollution Control 
Federation Conference, Denver, Colorado, May 1986. 

Professional Profile 
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~ 
WESTON Analytic• 

RFW Batch: 

The following qualifiers/codes are used on the data summary: 

u- Indicates that -;he compound was analyzed tor but not 
detected. !he detection limit tor the sample (not the 
method detec~ion limit) is reported with the u 
(e.g., lOU). 

MB- Method Blank- consists of deionized, distilled water 
processed through each sample preparation procedure 
performed. !he analysis ot method blanks provide ■ a 
means of assessing the existence and magnitude ot 
contamination introduced via the analytical scheme. 
Th• reported sample results are not corrected tor th• 
blank results. 

LCS- Indicates laboratory control sample in which reagent 
grade water is spiked with the USEPA CLP LCS solution 
and carried through all the steps in the method. The 
LCS is designed to serve as a monitor ot t~e 
etticiency of the digestion pro=edure. Percent 
recoveries are reported. 

The subscripts sand Rare utiliz;: to denote matrix 
spikes and matrix replicates respe.:-:ively. A matrix 
spike analysis is designed to p~=~ide information 
concerning the ettect ot the sample matrix on the 
recovery ot a specific analyte. A matrix replicate 
analysis will provide information on the precision ot 
the method utilized as well as the sample homogeneity. 

The methods utilized by this laboratory, unless 
otherwise requested, are for all I:r analysis USEPA 
method 200.7; the furnace analysis of Arsenic (206.2), 
Selenium (270.2), Lead (239.2), Thallium (279.2) and 
Antimony (204.2), as well as the Flame Emission method 
for Sodium (273.l) and Potassium (258.l) are taken 
from Methods for Chemical Analysis of ~ater and Wastes 
(USEPA 600/4-79-020). 

NA- Not 
NR- Not 
NC- Not 

Applicable 
Required 
Calc~lable, result below detect/n limit. 

Approved by '. ~- c ·s("-t:_.-- ~-<,ff---".-,}~!._~•·] _____ _ 
D ra l(. White lw~ 

L.1'"\I ganic Section Manager 
C; WESTON Analytical Laboratories 



WESTON ANALYTICS 

INORGANICS DATA SUMMARY REPORT 0 8/03/ lf1 

CLIENT : WESTON BATCH #: 

DETECT I 

SAMPLE SITE ID ANALYTE RESULT UNI TS LIMIT -------- ae•c•••=•••=•=•••=•• •••s:cczs•caasca••••••• •••••••• •••••• aaaaal ' I 

-0010 MW7 ARSENIC, TOTAL 23.8 UG/L 
ARSENIC, TOTAL 10.0 u UG/L 10. C 
BARIUM , TOTAL 200 u UG/L 20( 
CALCIUM, TOTAL 105000 UG/L 1000( 
CADMIUM, TOTAL 5.0 u UC/L s.c 
CH ROMIUM, TOTAL 10.0 u UC/L 10 0 
IRON, TOTAL 100 u UC/L lOC 
MERCURY, TOTAL 0.2 u UC/L 0.2 
POTASSIUM, TOTAL 1570 UG/L 500 
MAGNESIUM, TOTAL 20400 UC/L 500 
MANGANESE, TOTAL 141 UG/L 15 
SODIUM, TOTAL 4900 UG/L 500 
LEAD 1 TOTAL 5.0 u OC/L 5 

-0020 MW9 ARSENIC, TOTAL 19.6 UG/L 
ARSENIC 1 TOTAL 10.0 u UG/L 10.0 
BARIUM, TOTAL 200 u UG/L 200 
CALCIUM, TOTAL 54500 OG/L 10000 
CADMIUM, TOTAL 5.0 u UG/L 5.0 
CHRCHIUM, TOTAL 10.0 u UG/L 10, -
IRON, TOTAL 3910 UG/L 100 
MERCURY I TOTAL 0.2 u UG/L 0.2 
POTASSIUM 1 TOTAL 17400 UG/L 5000 
MAGNESIUM 1 TOTAL 33400 UC/L 500 
MANGANESE, TOTAL 1460 UC/L 15.v 
SODIUM , TOTAL 150000 UG/L 10000 
LEAD 1 TOTAL 5.0 u UG/L s. 



WESTON ANALYTICS 

INORGANICS DATA SUMMARY REPORT 0 8/03/ 87 

CLIENT: WESTON BATCH #: 

DETECT! 
SAMPLE SITE ID ANALYTE RESULT UNITS LIMIT ------- •••e•s•=••a••••••••• ca•c~=m••=••••••=•••••• ••s••••• ·····- ····••-= 
-0030 MWlO ARSENIC, TOTAL 16.7 UG/L 

ARSENIC, TOTAL 10.0 u UG/L 1 o. r 
BARIUM, TOTAL 200 u UG/L 200 
CALCIUM, TOTAL 3 84000 UG/L 10000 
CADMIUM, TOTAL 5.0 u UG/L 5. ( 
CH ROH I UM I TOTAL 1 o.o u UG/L 10 ,( 
IRON, TOTAL 4270 UG/L 100 
MERCURY I TOTAL 0.2 u UG/L 0. 2 
POTASSIUM, TOTAL 19700 UG/L 5000 
MAGNESIUM, TOTAL 23700 UG/L 500 
MANGANESE, TOTAL 2760 UG/L 300 
SODIUM, TOTAL 14~00 UG/L 10000 
LEAD, TOTAL 5.0 u UG/L 5.0 

-004-0 MWll ARSENIC, TOTAL 18. 7 UG/L 
ARSENIC, TOTAL 10.0 u UG/L 10 .o 
BARIUM, TOTAL 200 u UG/L 200 
CALCIUM, TOTAL 76~0 UG/L 10000 
CADMIUM, TOTAL 5.0 u UG/L 5.0 
CHRCMIUM, TOTAL 10.0 u OG/L 10.0 
IRON, TOTAL 726 OG/L 100 
MERCURY, TOTAL 0.2 u OG/L 0.2 
POTASSIUM, TOTAL 1600 UG/L 500 
MAGNESIUM, TOTAL 12500 UG/L 500 
MANGANESE, TOTAL 121 OG/L 15.0 
SODIUM, TOTAL 2400 UG/L 500 
LEAD, TOTAL 5.0 u UG/L 5.0 



WESTON ANALYTICS 

INORGANICS DATA SUMMARY REPORT 08/03/87 

CLIENT: WESTON BATCH I: 

DETECTI < 
SAMPLE SITE ID ANALYTE RESULT UNITS LIMIT 
••••s•• ····-••=••·••=••···· •••=s•••••••••••••••••• ··-····- •••••• aEl:SZ:a t 

BLAMU ARSENIC, TOTAL 10.0 u UG/L 10 . 0 
LEAD, TOTAL s.o u OG/L 5.0 

B~l BARIUM, TOTAL 200 u OG/L 200 
CALC I UM, TOTAL 500 u UG/L 500 
CADMIUM, TOTAL 5.0 u UG/L 5 
CHR<lilUM, TOTAL 1 o.o u UG/L 10 
IRON, TOTAL 100 u OG/L 100 
POTASSIUM, TOTAL 500 u OG/L 500 
MAGNESIUM, TOTAL 500 u OG/L 500 
MANGANESE, TOTAL 15.0 u OG/L 15." 
SODIUM, TOTAL 500 u OG/L 500 



CLIENT: 

SAMPLE 
•••ca•• 
-()0£1) 

WESTON ANALYTICS 

INORGANICS ACCURACY REPORT 08/03/~ 

SPnED 
SITE ID ANALYTE SAMPLE 

···-··· MW12D ARSENIC, TOTAL 33.0 

WESTON BATCH I: 

SPnED 
AMOUNT UNITS %REC( ------- ···-·- aas:as:a 

40.0 UG/L 82 • L 



CLIENT: 

SAMPLE 
cw••••• 
-008) 

WESTON ANALYTICS 

INORGANICS PRECISION REPORT O 8/03/ tr1 

SITE ID ANALYTE 
·•••••aaaaaaaaaaaaaa Raea•m••••••••••••aaaaa 

KW12D ARSENIC, TOTAL 
ARSENIC, TOTAL 

WESTON BATCB #: 

INITIAL 
RESULT 
•a:••----

0.6 
10.0 u 

REPLICATE .% DIFF 

·····-··· -------15. 7 185 
10.0 u NC 



WESTON ANALYTICS 

INORGANICS LABORATORY CONTROL STANDARDS lEPOR1' 0 8/03/ g'/ 

SPl~ED SPIKED 
SAMPLE SITE ID ANALYTE SAMPLE AMOUNT UNITS %REC( 

-------
c••••••••••••••••••• eas••••c••••••caac•••• ···-·· -----· ....... ••••• 

LCSl ARSENIC, LCS 30.2 30.0 UG/L 101 
LEAD, LCS 24.2 30.0 UG/L ~. 

LCSl BARIUM, LCS 9860 10000 UG/L 98, 
CALCIUM, LCS 49500 50000 UG/L 99. 
CADMIUM, LCS a:) .o a:l.O UG/L 100 
CHROMIUM, LCS 487 500 UG/L 97. 
IRON, LCS 4890 5000 UG/L 97. 
POTASSIUM, LCS 25400 25000 UG/L 102 
MAGNESIUM, LCS 49400 50000 UG/L 98. 
MANGANESE, LCS 728 750 UG/L 97 •. 
SODIUM, LCS 27000 25000 UG/L 108 



SAMPLE SITE ID 

----------
LCSl 

WESTON ANALYTICS 

INORGANICS LABORATORY CONTROL STANDARDS REPORT O 8/03/ 87 

ANALYTE 

MERCURY, LCS 

SPIICED 
SAMPLE 

SPIKED 
AMOUNT ...... ···--· 

8.6 8.o 

UNITS C 
Ra•aaa aa ■ 

UG/L 



WESTON Analytics 
RFW Batch: 

The following qualifiers/codes are used on the data summary: 

o- I nd i cates t hat the compound was analyzed for but not 
de t ected. The detection limit for the sample (not the 
method detection limit) is reported vith the O (e.g.,l0u). 

MB- Method Blank- consists of deionized, distilled water 
processed through each sample preparation procedure 
performed. The analysis of method blanks provides a means 
of assessing the existence and magnitude of contamination 
introduced via the analytical scheme. The reported sample 
results are not corrected for the blank results. 

The method used for the analysis of petroleum hydrocarbons is EPA 
method 418.l (USEPA 600/4-79-020). Solid Samples are extracted 
using method 3540 (USEPA SW 846) then analyzed by EPA method 
418.l. 

NA- Not Applicable 
NR- Not Required 
NC- Not Calculable, result below detection limit. 

Approved by 'It,£ ±1) ~ 
--/..(fl Jaes Michaelaylor 
{) Department Manager 

WESTON Analytical Laboratories 



WESTON ANALYTICS 

ORGANICS DATA SUHHARY REPORT 09/02/87 

CLIENT: WESTON BATCH I: 

REPOJ' l 
SI.MPLE SITE ID ANALYTE RESULT UNITS LIMI, 
:i:====== ==================== ======================= ======== ====== ======= = 
-001 U-MW-1-HST PETROLEUM HYDROCARBONS o.s HG/L 0 

-002 D-MW-2-HST PETROLEUM HY DROCARBONS 0.2 u MG/L ) 

-003 D-MW-2A- Bst PETROLEUM HYDROCARBONS 0.2 u MG/L 

-oo• D-MW-3-HST PETROLEUM HYDROCARBONS 0.2 MG/L 0, 

-007 D-MW-3-GCP PETROLEUM HYDROCARBONS 0.2 u MG/L 

-010 D-MW-2-GCP PETROLEUM HYDROCARBONS 0.2 u HG/L o. 

-011 D-MW-2A-GCP PETROLEUM HYDROCARBONS 0.2 u HG/L 

-012 U-MW-1-GCP PETROLEUM HYDROCARBONS 0.2 u HG/L r 

I 



WESTON ANALYTICS 

ORGANICS METHOD BLANK DATA SUMMARY PAGE 09/02/87 

CLIENT: WESTON BATCH I: 

JIEPORTI . 
SITE ID ANALYTE RESULT UNITS LIMIT 

======= ==================== ---------------------:s ======== ====== =======: 
!UHK10 87IR963A-MB1 PETROLEUM HYDROCARBONS 0.2 u HG/L 0. 2 



WESTON ANALYTICS 

ORGANICS ACCURACY REPORT 09/02/87 

CL!l:NT: 

SAM:PLE SITE ID ANALYTE 
======= ==================== ====================== 
BI AE10 87IR963A-KB1 PETROLEUM HYDROCARBONS 

PETROLEUM HYDROCARBONS 

SPll!D 
S.lMPLE 
s:::::s 

37 
37 

WESTON BATCH I: 

INITIAL SPIIED 
RESULT AMOUNT JR~'" 
c:::::s c::::: === 

0.2 u -2 88. 1 
0.2 u Jl2 88 . 1 



WESTON ANALYTICS 

ORGANICS DUPLICATE SPIKE REPORT 09/02/87 

CLIENT: WESTON BATCH f: 

SAMPLE SITE ID 
======= ==================== 
BLANK10 87IR963A-MB1 

ANALYTE 
SPIKE#1 SPI[E#2 
JRECOV JRECOV JDIFF 

====== ====== ====== 
PETROLEUM HYDROCARBONS 88.1 88. 1 0.2 

.• 



~ 
ROY F. WESTON , INC. 

RFW I 
w. 0 . 1 

l . The following qualifiers are used on the data summary: 

2 . 

U - Indicates that the compound was analyzed for but not 
detected. The minimum detection limit for the sample (not 
t he method detection limit) is reported with the 0 
(e.g., 100) . 

J - Indicates an estimated value. This flag is used either 
when estimating a concentration for tentatively identified 
compounds where a 1 :1 response is assumed or where the mass 
spectral data indicate the presence of a compound that meets 
the identification criteria but the result is less than the 
specified detection limit but greater than zero (e.g., l0J). 
If the limit of detection is 10 ug/L and a concentration of 
3 ug/L is calculated, it is reported as JJ. · 

BS - Indicates blank spike in which reagent grade water is 
spiked with the CLP matrix spiking solutions and carried 
through all the steps in the method. Spike recoveries are 
reported. 

BSD - Indicates blank spike duplicate. 

MS - Indicates matrix spike. 

MSD - Indicates matrix spike duplicate. 

DL - Indicates that surrogate recoveries were not obtained 
because the extract had to be diluted for analysis. 

NA - Not applicable. 

DF - Dilution factor. 

NR - Not required. 

NRP - Not reported. 

Samples Collected: 
Ext raction Date: 
Analysis Date: 

6- 3,4,5- 87 
NA 

6- 8 , 9,10 , 11,12- 87 

Organic Section Ma nager 
WESTON Analytical La bo ratories 
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RFW f 
w.o.t 

1. The following qualifiers are used on the data summary: 

u - Indicates that the compound was analyzed for but not 
detected. The minimum detection lilmit for the sample (not 
the method detection limit) is reported with the U (e.g., 
lOU). 

J - Indicates an estimated value. This flag is used in cases 
where a target analyte is detected at a level less than the 
lower quantification level. If the limit of quantification 
is 10 ug/1 and a concentration of 3 ug/1 is calculated, it is 
reported as 3J. 

BS - Indicates blank spike in which reagent grade water is 
spiked with the CLP matrix spiking solutions and carried 
through all the steps in the method. Spike recoveries are 
reported. 

BSD - Indicates blank spike duplicate. 

MS - Indicates matrix spike. 

MSD - Indicates matrix spike duplicate. 

DL - Indicates that surrogate recoveries were not obtained 
because the extract had to be diluted for analysis. 

NA - Not applicable. 

OF - Dilution factor. 

NR - Not required. 

NRP - Not reported. 

2. Samples Collected: 
Extraction Date: 
Analysis Date: 

10-18,20-87 
10-21-87 

10-27,28-87 
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ROY F. WESTON, INC. 

RFW I 
w.o.t 

1. The following qualifiers are used on the data summary: 

2. 

O - Indicates that the compound was analyzed for but not 
detected. The minimum detection limit for the sample (not 
the method detection limit) is reported with the U 
(e.g., l0U). 

J - Indicates an estimated value. This flag is used either 
when estimating a concentration for tentatively identified 
compounds where a 1:1 response is assumed or where the mass 
spectral data indicate the presence of a compound that meets 
the identification criteria but the result is less than the 
specified detection limit but greater than zero (e.g., l0J). 
If the limit of detection is 10 ug/L and a concentration of 
3 ug/L is calculated, it is reported as 3J. 

BS - Indicates blank spike in which reagent grade water is 
spiked with the CLP matrix spiking sol~tions and carried 
through all the steps in the method. Spike recoveries are 
reported. 

BSD - Indicates blank spike duplicate. 

MS - Indicates matrix spike. 

MSD - Indicates matrix spike duplicate. 

DL - Indicates that surrogate recoveries were not obtained 
because the extract had to be diluted for analysis. 

NA - Not applicable. 

DF - Dilution factor. 

NR - Not required. 

NRP - Not reported. 

Samples Collected: 
Extraction Date: 
Analysis Date: 

8-13-87 
8-17-87 
9-11,12-87 

Carter P. Nulton, Ph.D. 
Organic Section Manager 
WESTON Analytical Laboratories 
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~ NARRATIVE 
Samples have been prepared and analyzed according to USATHAMA 
Method UW0l. 

According to USATHAMA protocol, the following QA/QC control 
samples have been analyzed concurrently with each extraction 
batch. Abbreviations noted below have been used in the data 
SUI!llnary. 

Abbreviation Description 

Blank - USATHAMA standard matrix (soil or water) analyzed to 
provide an indication of lab contamination ana it's 
effect on reported analytical data. 

Standard matrix samples (soil or water) are spiked with nitroaro
matic target compounds to provide precision and accuracy data. 
Standard matrix is spiked at two levels: 

2XSS - 2X spike represents levels at or near twice the reported 
detection llmit. 

l0XSS and 
l0XSSD - l0X spike represents levels at ten times the reported 

detection limits. Two l0X standard spikes are analyzed. 

NS - Natural spike sample(&) selected from each sample batch, 
analyzed at 101 frequency and spiked at ten times the 
detection limit. 

D - Indicates duplicate analysis of a sample. 

DL - Diluted below calibration range. 

NOTE: Spikes have been reported as result (I recovery). 

Data Qualifiers: 

< - Less than 

Analysis Summary: 

Weston Analytical Batch: 
Samples Collected: 

Samples Prepared: 
Samples Analyzed: 

> - Greater than 

8710-599 
10-29-87 
11-04-87 
11-04-87 

APPROVED BY ~"'-~ l~L carer~- Nulton Ph.D 
Lab/Organic Section Manager 
WESTON Analytical Laboratories 
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EQUIPMENT LIST 

Analytical Instrumentation Available at WESTON Analytics 
Lionville Laboratory 

Type and Model Quantity 

High Pressure Liquid Cnromatograph - Purchased in 1980 2 

Perkin-Elmer Model LC-75, Series 211, continuously 
variable wave-length detector 

Ion Chromatograph - Purchased in 1984 

Dionex Model 2020i 

Atomic Absorption Apparatus 

l 

Perkin-Elmer Model 503 with cold vapor mercury l 
attachment, background correction - Purchased in 1975 

Perkin-Elmer Model 5000 with graphite furnace l 
and background correction - Purchased in 1975 

Perkin-Elmer Model 5000 flame/graphite furnace 2 
with Zeeman background correction, auto sampler -
Purchased in 1985 

Technicon Automatic Analyzer - Purchased in 1984 1 

Gas Chromatograph/Mass Spectrophotometers 8 

Finnigan Model 5100, equipped with electron 
ionization and chemical ionization source: 
varian 8000 autosampler: capillary column system 
INCOS data system; positive and negative ion■ 
electron multiplier detector; all glass jet 
separator and direct transfer line interface for 
capillary column system; with stand alone com-
puter for data reduction and reporting - Purchased 
in 1983, 1984, 1985 4 

Finnigan OWA 1020 GC/MS - electron impact 
quadrupole mass spectrometer, equipped with 
packed and capillary column injectors; INCOS 
data system; EPA, NIH, and special EPA-priority 
pollutant mass spectral library - Purchased in 
1980, 1986 2 



Type and Model Quantity 

Finnigan Model 4610B GC/MS - electron impact quad
ruple, varian 8000 autosampler, equipped with packed 
and capillary column capability; INCOS data system; 
EPA/NIH, mass spectr.al library - Purchased in 1985 l 

Finnigan Model INCOS 50 GC/MS - electron impact 
quadrupole, equipped with capillary column injectors; 
INCOS data system; EPA, NIH and special IEPA -
priority pollutant mass spectral library -
Purchased 1986 l 

Total Organic-Halide Analyzer - Purchased in 1984 l 

Dohrmann ox-20 Analyzer System equipped with 
microcoulometric analyzer 

Inductively Coupled Plasma Apparatus 3 

Perkin-Elmer ICP/5000 system equipped with automatic l 
ignition system, automatic tuning, data system and 
automatic sampler - Purchased in 1978 

Perkin-Elmer ICP/6500 system equipped with automatic 
ignition system, automatic tuning, auto sampler, and 
7300 microprocessor - Purchased in 1986 l 

Thermo Jarrel Ash ICP 61 S equipped with data system 
and random access autosampler - Purchased in 1987 l 

Organic and Total Carbon Analyzers 2 

Ionics Model 1270 TOC and TOC analyzer equipped with 
automatic sampler and infrared analyzer - Purchased 
in 1975 

DohrmaM Envirotech Analyzer Model DC-50 - Purchased 
in 1984 



Type and Model Quantity 

Finnigan Model 4610B GC/MS - electron impact quad
ruple, varian 8000 autosampler, equipped with packed 
and capillary column capability; INCOS data system; 
EPA/NIH, mass spect~al library - Purchased in 1985 l 

Finnigan Model INCOS 50 GC/MS - electron impact 
quadrupole, equipped with capillary column injectors; 
INCOS data system; EPA, NIH and special IEPA -
priority pollutant mass spectral library -
Purchased 1986 l 

Total Organic-Halide Analyzer - Purchased in 1984 l 

Dohrmann DX-20 Analyzer System equipped with 
microcoulometric analyzer 

Inductively Coupled Plasma Apparatus 3 

Perkin-Elmer ICP/5000 system equipped with automatic 1 
ignition system, automatic tuning, data system and 
automatic sampler - Purchased in 1978 

Perkin-Elmer ICP/6500 system equipped with automatic 
ignition system, automatic tuning, auto sampler, and 
7300 microprocessor - Purchased in 1986 1 

Thermo Jarrel Ash ICP 61 s equipped with data system 
and random access autosampler - Purchased in 1987 1 

Organic and Total carbon Analyzers 2 

Ionics Model 1270 TOC and TOC analyzer equipped with 
automatic sampler and infrared analyzer - Purchased 
in 1975 

Dohrmann Envirotech Analyzer Model OC-50 - Purchased 
in 1984 



'l'ype and Model Quantity 

Gas Chromatographs 13 

Hewlett-Packard Model 5880 with level 4 programmable 
keyboard, alkaline flame ionization NP detector, 2 
FID detectors, and electron capture detector. Model 
7672A auto-sampler tor continuous sample analysis -
Purchased in 1982 l 

Hewlett-Packard Model 5880 with level 4 programmable 
keyboard, flame photometric, FID, and 2 electron cap-
ture detectors. Model 7672A auto-sampler for continu-
ous sample analysis - Purchased in 1982 l 

Hewlett-Packard Model 5880 with level 4 programmable 
keyboard, Hall Model 700A electrolytic conductivity 
detector, FID, PIO and ECO, Tekmar I.SC-2 Purge and Trap 
concentrator with Teklnar Model AI.S 10 sample auto-
sampler - Purchased in 1983 l 

Hewlett-Packard Model 5840A gas chromatograph equipped 
with flame ionization detector; electron capture 
detector; automatic sampler; capillary column systems; 
and automatic integrator, Model 7672A auto-sampler -
PurchasAd !n !~~~ 2 

Hewlett-Packard Model 5880 with level 4 programmable 
keyboard, Hall Model 700A electrolytic conductivity 
detector, and FIO, Tekmar I.SC-2 Purge and Trap 
concentrator with Tekmar Model AI.S 10 sample auto-
sampler - Purchased in 1984 l 

Perkin-Elmer SIGMA 2000 completely automated headspaca 
analyzer with flame ionization and electron detectors -
Purchased in 1984 l 

Analytical Instrument Development Portable Model 511 
with flame ionization detector; dual column; and samp
ling, column switching, and back!lush valves - Purchased 
in 1983 l 



Type and Hodel Quantity 

Perkin- Elmer Model SIGMA 3B isothermal and temperature 
programmed auto sampler tor headspace analysis, packed 
and capillary column capability, automatic integrator -
Purchased in 1978 l 

Va r i an Model 3400 equipped with 2 electron capture de-
tectors; Model 8000 autosampler and integrator 2 

Varian Hodel 3400 equipped with a Hall and a photoioni
zation detectors; Automatic Integrator, Tekmar I.SC-2 
Purge and Trap Concentrator with Tek:mar HOdel AI.S 10 
port autosampler - Purchased in 1986 l 

Carlo-Erba Model 5300 Maga Series, temperature pro
grawned, packed, and capillary column, FID - Purchased 
in 1986 l 

Gas Chromatograph Detectors 

Flame Ionization Detectors - Purchased in 1980 2 
Hewlett-Packard NO. 18801B 

Electron Capture Detectors - Purchased in 1980 2 
Hewlett-Packard NO. 18803B 
Analog Technology Corporation Model 140A 

Hall Electrolytic Conductivity Detectors - Purchased 
in 1983, 1984 2 

Tracor Model 700A 

Photoionization Detector - Purchased in 1984 1 
HNV Model PI-52-02 

Flame Photometric Detector - Purchased in 1983 1 
Tracor Model 12003 

Nitrogen Phosphorus Detector - Purchased in 1983 1 
Hewlett Packard Model 18847A/8A 

Spectrophotometers - Purchased at various times 4 

pH Instruments - Purchased at various times 4 



Type and Model 

Specitic Ion Analyzer - Purchased in 1978 

Orion Model 901 pH/ion meter with Model 658 switch 
and various specific ion electrodes 

Liguid Scintillation C6unter - Purchased in 1983 

Tracor Analytic Beta Trac 6895 microprocessor base. 
It features automatic DPM, ESR, SCR, and is complete 
with printer and an internal memory 

rev. 4/87 

Quantity 

l 



Analytical Instrumentation Available at WESTON Analytics 
Stockton Laboratory 

Type and Model 

Atomic Absorptio~ 

Quantity 

Perkin-Elmer, ICP/6500 System 1 
Ignition System, Automatic Tuning, with Automatic l 
Autosampler and Microprocessor - Purchased in 1986 
Perkin-Elmer, Model 3030, Flameless Atomic Absorption l 
Spectrophotometer with Zeeman Background Correction 
- Purchased in 1987 
Instrumentation Laboratory Model 457, single-channel l 
double beam, with automatic sampler, graphite furnace, 
deuterim background correction, atomic vapor accessory 
and printer - Purchased in 1986 

Ion Chromatograph 

Dionex Model 2020: 

Technicon Automatic Analyzer II 

Sampler IV Module 
Proportioning Pump, Model III 
Manifolds for: 

Sulfate 
Nitrate 
Nitrite 
Or tho- phosphate 
Total phosphate 
Kjeldahl Nitrogen 
Ammonia 

Colorimeter, single- channel 
Recorder, single-channel 

pH/Specific Ion Meters 

Fisher Accumet Model 142 pH Meter 
Fisher Accumet Model 620 pH/Specific Ion Meter 
Orion Ion Analyzer Model 399a pH/Specific Ion Meter 

1 

l 
1 

l 
1 
1 
1 
1 
1 
1 
1 
1 

1 
1 
1 



Type and Model 

Specific Conductivity 

YSI Model 32 Conductance Meter 

Turbidity 

H.F. Instruments Model DRT-100 

Gas Chromatographs 

Quantity 

2 

1 

Varian Model 3700, one with capillary column system 4 
Hewlett-Packard Model 5710 with Capillary Column 1 
Perkin-Elmer, Sigma 2 l 

Gas Chromatograph Detectors 

Electron Capture 
Flame Ionization 
Sulfur - Phosphorus 
Nitrogen - Phosphorus 
Thermal Conductivity 
Hall Electrolytic Conductivity 
Photoionization 

Gas Chromatograph Automatic Samplers 

Varian Model 8040 Automatic Samplers 

Gas Chromatograph Data Systems 

Varian Model 604 equipped with a HP inkjet plotter 

Varian Vista 401, each with three channels and two 
floppy disk drives. One with remote printer-plotter 

Hewlett-Packard Model 3390A Integrators 

Liquid Scintillation 

Unilux III 

s 
3 
4 
2 
l 
2 
2 

6 

l 

2 

2 

l 



Type and Model 

Purge and Trap 

Tekmar Model LSC-2 
Tekmar Model ALS (Automatic Liquid Sampler) 

Centrifuge 

IEC (International Equipment Company) Model HN-42 

Balances 

Metler HL 52, 5-place analytical 
Metler H 80, 4-place analytical 
Ohaus Brainweigh B 3000D, top-loader 

Fisher Titralyzer II Titration System 

Quantity 

4 

• 
2 

l 
l 
l 

Model 387 Rotary Multi - Sampler l 
Model 395 Digital Barette/Dispenser 2 
Model 385 Titrate Stirrer l 
Model 380 Electrometers 2 
Model 381 FEP (Fixed Endpoint) Titrate Demand Module l 
Model 383 AEP (Automatic Endpoint) Titrate Demand l 

Module 
Model 382 Titrate Control Module l 
Model 386 Printer Module l 

Spectrophotometer 

Bausch and Lomb Spectromic 2000, double-beam, with 
X-Y recorder and printer (UV-Visible) 

Perkin-Elmer, Model 467, Double Beam (IR) 

Gas Chromatograph/Mass Spectrophotometer 

Finnegan, Model 1020C with Autosampler and Incos 
Software 

Finnegan, Model SlOOC with Autosampler and Super 
Incos Software 

1 

1 

1 

1 



Type and Model 

Miscellaneous Equipment 

Rotavaporators 
Ultrasonic Cleaners 
Ovens 
Incubator 
Refrigerator/Freezers 
Labcenco Micro- Kjeldahl Digester 
Magnetic Stirring Units, single 
Magnetic Stirring Units, 4-place 
Heating Plates 
Heating/Stirring Units, single 
Desiccators 
Water Bath and Circulator 
Milli-Q Water Purification System 
Thermolyne Type 1500 Furnace 

Quantity 

5 
2 
3 
l 

12 
l 
2 
3 
5 
3 
3 
3 
l 
l 
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GULF COAST UBORATORIES, INC. 
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GULF COAST LABORATORIES, INC. 

2417 Bond St., University ,,rk, Illinois 80468 

Phon" (312) 534-5200 (219) 185-7077 (816) 723-75: 

MAJOR LABORATORY EQUIPMENT 

Atoniic . Absorption/Emission Sp@ctrophotometer - Instrument•tion 
Laboratories Video 12E equipped with Model 188 Graphite Furnace 
and printer 

Atomic Absorption/Emission Spectrophotometer - Instrumentation 
Laboratories Model 357 equipped with Hodel 755 Gr•phite Furnace 
and Model 254 auto sampler 

Atomic Absorption/Emission Spectrophotometer - Perkin El~~r Model 
306 equipped with flameless ~ercury cold vapor system 

Atomic Absorption/Emission Spectrophotomet~r-Per~in Elmer Model 370 

AtOffliC Absorption/Emission Spectrophotometer-Perkin El~er Nadel 5000 

Atomic Absorption/Emission Spectrophotometer - Varian Spectr 
AA-20 with PSC-56 programmable sample changer and arsenic-
M!leniu~ hydride system 

Inductively Coupled Argon Plasm. (ICAP> EJnission Nulti-Ele•ent 
SpectrOffleter - Instrumentation Laboratories Plasma 100 with Nadel 
254 auto sa,apler 

Inductively Coupled Argon PJasiN <ICAP> Emission Nulti-Ele~ent 
Spectrometer - Thernto Jarrell Ash ICAP 1100 ~uipped with a DEC 
Nicro PDP-11 Cofaputar and Autosamplar 

8C/t1S (2> - Hewlett Packard 5890A capillary gas-liquid chroniatograph 
with 59708 aass selective detector 

SC/NS (2) - HeNlett Packard 5995 benchtop utlizin; •ither packed or
capillary colua1s in conjunction with Tekmar Nadel L~-2 pur;e and 
trap APO Nadel ALS auto 5a~pler supported by HP/RTE-1000 data base 

Bas Chromatograph (2) - Varian 3700 equipped with dual el~ctron 
capture det1tetors. One unit ls equipped with a Varian 8000 auto 
salftpler 

G•s Chromatograph - Tracor 5b5 equipped with fla,ne photometric 
and flame ionization detectors 

Oas Chro~atograph - Tracor 565 equipped with Hall Electrolytic 
.nd flame ionization detectors with• Hitachi D-2000 Int~rater 

8•s Chro~atograph - Tracor NT 222 equipped with dual electron 
capture and dual flal\a ionization detectors 



I 
I 
I 

GULF COAST LABORATORIES, INC. 

2417 Bond St., Unioralty ,ark, Illinois &046e 

,hones (312) 634-6200 (21a) 886-7077 (816) 7: .7 

MAJOR LABORATORY EQUIPMENT CONTI~ED 

8a9 Chr~at09raph - Carle AGC Serles 100 equlpped with• dual 
thermal conductivity detector 

Gas Chromatograph - Perkin-Elmer Model 8410 ~quipped' with a fl.me 
ionization detector &nd GP-100 graphics printer 

Gas Chromatograph - Perkin Elmer Sigma 3B equipped with flam~ 
ionization detector and Wilkes-Foxboro variable wavelength 
infrared detector and flame ionization detector 

ABC GPC Auto Prep 1002A - Gel permeation unit equipped with 
chromatographic column for sample preparation 

High Pressure Liquid ChrOfflatograph - Waters Nadel 440 equipped 
with ultraviolet and refractive index detectora 

High Pressure Liquid Chromatogr•ph - Waters Nadel 450 equippad 
Mith variable wavelength detector and gradient elution 

Technicon Auto-flDtlf Analyzer II equipped for nitrate, nltrlte, 
phenol, cyanide, ammonia, total kjeldahl nitrogen, chloride, 
sulfate, pho5phorus, phosphate, and alkalinity paraJNters 

lnfrar•d SpKtrophotomet•r - Perkin El~er t1odel 337 

Total Organic Carbon CTOC> Analyzer- - Xertex-Dohr■ann l'fodel DC-80 

Total Organic Halogen CTOX) Analyer XerteK-Dohraann Nadel DX20-A 

Nova ISE Analytical auto analyer for anwaania, nitrate, and 
chloride p~rM)etttrs 

lN Visible Spe-ctrophotomet•r - Bausch and Lomb Spectronic 1001 
with auto sa11pler and flDtlf through cell 

W Visible SpKtrophoto~eter 

W Visible Sp1tetrophotometer 

Perkin El~er Latllbd• 1A 

Perkin Elmer Caleean 29S 

Nitrogen Carbon Analyzer - Carlo Erba t1odel 1500 

2 Tekmar Purge and Trap Concentrator Model LSC-3 for volatil• and 
purgeabl• organic• 

2 Tekffl&r Liquid Sa111pl• Concentrator t1odel LSC-2 for organic analysis 

Labconco rapid kJeldahl digestion/dlstlllatlon systea 

Hach Colorimeter DR/lA for COD 



. . 

GULF COAST LABORATORIES, INC. 

2417 Bond St., Uniwmlty ltark, Illinois 804ee 

Phon" (3121 634-6200 (21/il 885-7077 (816) 723-n 

t1AJOR LABORATORY EQUIPMENT CONTINUED 

Balance5 (analytic•l>1 
Mettler H72 
Mettler AC-100 
Mettler AE-200 C2) 
Mettler AE-100 
Mettler PE-2000 
Mettler PE-3000 
Ainsworth Type 10 
Cahn Model 28 Automatic Electrobalance 

Balances (pan> - Sartoreous 1205 <2> 

Digital pH Meters1 
ltdun llodtl 40 ditihl pH 1tltr 
9eckun llodtl 21 dititll pH lftfr 12) 
Cornin1 llodtl 135 4itittl pH 1tltf' with ion ,,1,ctiwt tlKtroclH for fluoridt •n• chlori•• p1r•1tltr5 
Cornint llo4tl 140 ,H whr 1ith 4inohH oiygttl proh 

Computersz 
t1dio Sh1ct TRS-90 llodtl 161 with 50 IO htrd disc 1tor1gt ind 4 r,10te ltraia1l1 tRd p,ritltr 
t1dio Sh•ck TRS-90 lladtl 6000 ■ith pri1ter 
bdio Shut TRS-80 llodtl 11 with priater 
t1dio Shick TRS-80 lledtl 4 121 ■ith ,rinltrt 
Ptrtin Elatr Sig11 10 kt1 H'1!dling systtt ■ith rt10tt ltrain1l 111d MSIC ,roq111in9 tll)Uilitin 
Co11odor1 9032 ■ith ,-ipftic upuilitiH for cbrout01r1,hic d1h callKlion 111d unipulltioa 
2 Hulrlt P,chr• lf-1000 1i11ica.puttrs fith OS S9tetr1l li~arr 
Ke,t,tt P1ct1r4 7974 9 Tr1ct ll.lgatlic 1.,, 
Tudy 1000 l'odtl SI ,m hd dilC drift 
to11odort CDfl llodtl 1612 IPlC COAtral Ill~ dah aod■lt with llocltl 1050 11111 driwt floppy diK 

Centrifu;al Grindin; Nill Brink~an lnstru,aents for sa~ple preparation 

Fi~er Scientific Coal Ana~yer with printar 

Various sizttS LineM" Instruments strip ch~t recorders 

Ultrasonic probe (sonicator) - Heat Systems Ultr.sonics 

Fisher Isoteinp t1uffle Furnace Nodel 184A (3) 



GULF COAST LABORATORIES, INC. 

2417 Bond St., University ,ark, lllinoi1 804M 

rhonn 1312) !34·5200 (219118S-7077 (115) 723-7~ 

MJOR LABORATORY EQUIPMENT CONT I NUED 

Fishe r I s ote ll'lp Ser i•• 200 Drying Oven 

Lab Line LC Drying Oven 

VWR 1660 Drying Ovttn 

Blue M Gravity Oven 

Thel c o 600 Watt Oven 

Market Forge Sterilmatic Autocl•ve 

Buchi Rotary Ev~orators (3) - Brinkmann Instruments 

Ericsen Karl Fisher Titrator 

Parr Adiab•tic Colori ■etar 

Viscometer - Brookkfi•ld Model RVF 

t1i 11 i -Q Reagent Nat•r Syst .. 

Vehicles for sMipling, pickups, and deliveri•• (6) 

Field Laboratory& Sa~pling equip~ent includes puaps and ballers 
CPYC, Stainless Stael, T•flon>, generators, control units for 
dttdicate d puaaps, filt.,-ing appilratus, water level lndic•tcra, 
COfftPressors, pH and Sc ■eters, ..etha ne gas t esting • quip11ttnt, 
personal •ir SMplers, ISCO co,nposite samplers and fl ow aneasurin; 
devices. 

Sa ~pling Boats - Sea Sprit• 17 foot power boat and Jon Ba.t - 17 
foot flat bottoa bOAt. 
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PETN, HMX, AND RDX IN WATER SAMPLES 

AMD.2/MERT2.l 
07/21/82 

1. APPLICATION 

This method is applicable to the quantitative analysis of environmental 

water samples for PETN, HHX, and ROX. 

A. TESTED CONCENTRATION RANGE 

B. 

The tested concentration ranges in natural and standard water 

are listed below: 

Analyte 

PETN 
HMX 
RDX 

SENSITIVITY 

The normalized 

water detection 

below: 

Analyte 

PETN 
HMX. 
RDX 

responses (integrator 

limits designated in 

Inte~rator 

37700 
121000 
173000 

counts) 

Section 

Counts 

at 

Ran2e (u2/L) 

1.58 to 31.6 
0.43 to 8.5 
1.26 to 25.2 

the natural 

l(C) are listed 

Nano2rams 

281.1 
143 . 7 
256.2 

The normalized responses (integrator counts) at the standard 

water detection limits designated in Section l(C) are listed 

below: 

Analyte 

PETN 
HMX 
RDX 

Integrator Counts 

27179 
96096 I 

68495 

Nanograms 

213.1 
110.4 

91.1 

C. DETECTION LIMIT 

The detection limits in natural water, calculated according to 

Hubaux and Voa (1970), are listed belov: 

Analyte 

PETN 
HMX • 
IDX 

Detection Limit (ug/L) 

4.5 
2.3 
4.1 



AMD. 2/HERT2. 2 
07 /19/8 2 

The detection limits in standard water, calculated according to 

Hubaux and Vos (1970), are listed below: 

Analvte Detection Limit (u~/L) 

PETN 

HMX 

RDX 

D. INTERFERENCES 

3.4 

1.8 

1.5 

This method may be subject to interferences from nonvolatile 

organic compounds which absorb light at 215 nm and are extract

able from water vith methylene chloride. 

'E. ANALYSIS RATE 

After instrument calibration, one analyst can analyze 

10 e.xtracts in an 8-hour day. One analyst can perform 

approximately eight extractions in an 8-hour day. 

2. CHEH1STRY 

A. ALTERNATE NOMENCLATURE AND CHEMICAL >B STRACT SERVICE (CAS) 
REGISTRY ~ ER 

Analvte 

PETN 

HMX 

Alternate Nomenclature 

Pentierythrite tetranitrate 

Pentaerythritol tetranitrate 

2, 2-B i1 [ (nitrooxy)-methyq-

1, 3-Propanediol dinitrate (ester) 

Nitropentaerythritol 

Pentrit 

Cyclotetramethylenetetranitramine 
I 

Octahydro-1,3,5,7-tetrazocine 

1,3,5,7-Tetranitro-1 13,517-

tetrazacyclooctane 

Octo1en 

Cyclotrimethylenetrinitramine 

Hexogen, T-4, Cyclonite, Hexahydro-

11314-trinitro-a-triazine 

CAS Registry 
NutDber 

78-11-5 

2691-41.~ 

- 121-84-4 



AMD. 2/MERT2. 3 
07/21/82 

B. PHYSICAL AND CHEHICAL PROPERTIES OF ANALYTE 

Analvte Fonnula 

PET~ 

RDX 

Melting 
Point c•c) 

141 

276 

204.1 

Boiling 
Point 

180 at 
50 .torr 

Density 
(2/ml) 

1. 77 

1. 77-1. 96* 

1.816 

* There are four poly,norphic for:ns of ~ with this range of 

dens i tin. 

Che~ical Structures 

PETN 

moc 

lDX 

• , 

f2 N03 

03NH2c-c -CH2 N03 
J 

CH2 N03 
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C. CHEMICAL REACTIONS 

All of t hese compounds are highly explosive, and caution should 

be used in handling . Each compound is subject to alkaline 

hydrolysis in aqueous solution. 

3. APPARATUS 

A. INSTRUMENTATION 

Altex Model 322 dual-pump liquid chromatograph equipped vi.th a 

Perkin-Elmer LC-75 variable-wavelength detector interfaced to a 

Spectra Physics Model 4100 computing integrator. 

B. HPLC INSTRUMENTAL PARAMETERS 

c. 

1. Detector: Perkin-Elmer LC-75 variable-wavelength detector 

( ,\ • 215 nm ) 

2. Column: Zorbax-CN (4.6-mm ID x 25 cm) 

Particle size: 7-8 u~ 

3. Flow RAte/Mobile Phase: 1 ml/min / 35: H20/ 65% methanol 

4. Temperature: 22•c 

5. Injection Volume: 250 ul, fixed loop 

6. Retention Times: . 
Analyte 

RDX 

HMX 

PETN 

HARDWARE/GLASSWARE 

1. 1-liter separatory funnel 

2. 500-ml K-D flask (8). 

3. 15-ml K-D receiver (8). 

4. 3-ball Snyder column (8). 

s. 2-ball micro-Snyder column 

6. 10-ml graduated centrifuge 

7. Disposable glau pipette, . 

Retention Time (Minutes) 

(Teflon• or 
I 

(8). 

tubes (8). 

glass) 

7.8 

11.8 

13.9 

(8). 



D. CHEMICALS 

A.'1D. 2 /HERT2. 5 
07/21/82 

l. Nanograde methylene chloride--J.T. Baker Company. 

2. HPLC-grade acetonitrile--J.T. Baker Company. 

3. HPLC-grade water--J.T. Baker Company. 

4. Anhydrous sodium sulfate--reagent grade. 

5. HPLC-grade methanol. 

4. STANDARDS 

A. CALIBRATION STANDARDS 

Separate calibration stock solutions are prepared for each 

analyte. A composite working calibration standard is prepared 

from these solutions. 

1. The RDX stock calibration standard (6,310 ug/ml) is prepared 

by weighing 63.1 mg of RDX in a 10-ml volumetric flask, 

dissolving the RDX in a few ~l of acetonitrile, and diluting 

to the mark with acetonitrile. An intermediate RDX stock 

calibration standard is prepared by pipetting 1 ml of the 

RDX stock calibration standard into a 100-ml volumetric 

flask and diluting to the mark with methanol to give a 

,solution containing 63.l ug/ml of RDX. 

2. The HMX stock calibration standard (5,320 ug/ml) is prepared 

by weighing 53.2 mg of HMX in a 10-ml volumetric flask, 

dissolving the HMX in a few ml of acetonitrile (a drop of 

acetone is added to aid . in solubilization), and diluting to 

the mark with acetonitrile. An intermediate HMX stock 

calibration standard is prepared by pieetting 1 ml of the 

RMX stock calibration standard into a 50-ml volumetric flask 
• I 

and diluting to the mark with methanol to give a solution 

containing 106.4 ug/ml of HMX. 

3. The PETN stock calibration standard (3,950 ug/ml) i• 

prepared by weighing 39.5 mg of PETH in a 10-ml volumetric 

flask, disaolving the PETN in a few ml of acetonitrile (a 

drop of acetone i1 added to aid in solubilization), and 
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diluting to the mark vi th acet onitrile . An intermediate 

PETN stock calibration standard is prepared by pipetting 

1 ml of the PETN stock calibration standard into a 50-ml 

volumetric flask and diluting to the mark vith methanol to 

give a solution containing 79.0 ug/ml of PETN . 

4. Prepare a series of composite working calibration standards 

by making dilutions of the intermediate calibration 

standards vith 50% methanol/50% water as follows: 

Working 
Calibration 

Standard 

B 

C 

D 

E 

F 

Working 
Calibration 

Standard 

B 

c · 
D 

E 

F 

i. CONTROL SPIKES 

Intermediate 
St and a rd 
Diluted 

RDX 
HMX 
PETN 

RDX 
HMX 
PETN 

Standard B 

Standard B 

Standard B 

Volume 
of Standard 

Used (ml) 

s 
1 
s 

s 
1 
5 

s 
5 

5 

Final 
Volume (ml) 

50 

100 

25 

so 
100 

Concentration (ug/ml). 

RDX HMX PETN 

6.31 2.13 7.90 

3.15 1.06 3.95 

1.26 0.426 1.58 

0.631. 0.213 0.790 

0.315 0.106 0.395 , 

1. The working control 1pike 1olutions are prepared in the 1ame 

manner•• the working calibration 1tandard1 using the aame 

letter designations for the different aolution1; therefore, 

" 
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------------~t~he Working Control Spike Solution B has the same 

concentration as the Working Calibration Standard B. 

2. Pipette 2 ml of the corresponding working control spike 

solutions into 500 ml of standard or natural water . The 

solutions used are selected to provide a concentration range 

of 0.5 to 10 times the desired detection limit. 

3. Determine the precision, accuracy, and detection limits for 

each analyte . 

Working 
Control 

Soike Used 

B 

C 

D 

E 

F 

5. PROCEDURE 

A. EXTRACTION 

Analyte Concentration 
in the Working Control 
Soike Solution (u2/cl) 

RDX 6.:31 
HMX 2. 13 
PETN 7.90 

RDX 3.15 
HMX 1.06 
PETN 3.95 

RDX 1. 26 
HMX 0.426 
PETN 1. 58 

RDX 0.631 
HMX 0.213 
PETN 0.790 

RDX 0.315 
RMX 0. 106 
PETN 0.395 

Spiked Analyte 
Concentration 
in Water (u2/L) 

o.o 

25.2 
8.5 

31.6 

12 . 6 
4. 26 

15.8 

5.04 
1. 70 
6.32 

2.52 
0.851 
3.16 

1. 26 
0.426 
1.58 

1. Measure 500 ml of the water sample into a 1-L separatory 

. funnel . 

2. Check the pH of the sample with pH paper , and adjust the pH 

to neutral, if necessary . 
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3. Extract the sample sequentially with t hr.ee 100 -ui l port ions 

of methylene chloride. After eac h portion has been added, 

shake the funnel vigorously for at least 5 minutes . 

4 . Let the layers separate for about 2 minutes a ft er each 

extraction. 

5. Dr aw off the methylene chloride and pass through a glass 

funnel filled with a small plug of glass wool and about 

1 inch of anhydrous sodium sulfate into a 500-uil K- D flask 

fitted with a 10-ml K-D receiver. 

6 . After the third extract has been transferred to the K-D 

flask, rinse the sodium sulfate in the funnel with 

approximately 20 ml of methylene chloride. 

7. Add a boiling chip (Hengar) to the methylene chloride 

extract in the flask and attach a 3-ball Snyder colu:nn to 

the apparatus. 

8. Concentrate the methylene chloride extract by placing the 

K-D apparatus in an so•c water bath. Illllllerse the receiver 

of the K-D nearly up to the joint. 

9. The balls of the Snyder column should actively chatter when 

the solvent is evaporating. 

10. When the apparent volume of the solution remaining in the 

receiver is about l ml, remove the apparatus from the water 

bath and allow to cool. After about l ml of methylene 

chloride has drained into the receiver, remove the receiver 

from the K-0 flask. 

11. Add approximately 2 ml of HPLC methanol to the receiver. 

Attach a 2-ball micro-Snyder column and reconcentrate. When 

the apparent volume in the receiver reaches 0.5 ml, remove 

the receiver from the vater batb. 

12. Repeat Step 11 tvo timea. 

13. Detach the micro-Snyder column from the receiver. Transfer 

the utract into a 10-ml graduated centrifuge tube rinaing 

quantitatively vith HPLC acetonitrile. Raiae the extract 



AHD.2/HERT2.9 
07/21/82 

volume to 1.0 ml in ·the centrifuge tube with HPLC methanol. 

Dilute to 2 ml with HPLC water. 

14. Transfer to a 5~1 amber, septum-sealed vial for storage at 

4•c. 

15. The extract is now ready for chromatography by HPLC. 

B. CALIBRATION 

1. Inject Working Calibration Standards G, F, E, D, C, and B 

and a blank singly at the beginning of the analytical run. 

Inject Working Calibration Standard D at the conclusion of 

the analytical run to verify constant instrument response. 

2. Plot the normalized i~tegrator areas versus nanograms/micro

liter of each standard to obtain a working curve. 

C. ANALYSIS 

1. Inject 250 ul of the extract onto the ·HPLC column. 

2. Perform the analysis of the sample according to the 

conditions given in Section 3(8). 

3. Measure the response of the sample for the components of 

interest. 

6. CALCULATIONS 

Decenuine the concentration of RDX according to the following formula: 

Concentration (ug/L) • (A)(Vt) v, 

where: A • Concentration (ug/ml) of analyte found in the ,ample 

by comparison vith the approp~iate standard curve 

(ug/ml), 

Vt• Volume of total extract (ml), and 

V1 • Volume of initial ,ample extracted (L). 



7. REFERENCES 

None found. 

8. DATA 

See attached data sheets. 
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Chromatogram of Standard Water Spiking Experiment 

Analyte 
RDX 
BMX 
PETN 

Amoun t Spiked 
12.6 ug / L 
4.3 ·ug /.L 

15.8 ug/ L 

Retention Time 
7.87 min 

11. 78 ■in 
13.91 ain 



I. SUl'INARY 

A. Analytu: 

24DNT 
2bDNT 

24bTNT 

S. 1'11trix: WATER 

EXPLOSIVES IN WATER 

2,4-Dinitrotoluene 
2,b - Dinitrotoluene 
2,4,6-Trinitrotoluent 

Nt tho d Ne . 86 

C. General Nethod: A •ater saaplt is filtered, 2% NaCl added, and injected 
onto the HPLC for 1n1ly1is. 

II. APPLICATION 

A. Tested Concentration Range: 

24DNT 
2bDNT 

24bTNT 

8. Sensitivity: 

e.U - bl.I u;\L 
1.55 - 54.B ug/L 
1.78 - 7S.3 ug\L 

Ptak Height in•• at an Attenuation of 23 

24DNT 
26DNT 

246TNT 

16 •• for 7.S ug\L 
9 •• for 7.5 ug\L 

11 •• for 12.5 ug\L 

C. Dettction Liaits: 

24DNT 
2bDNT 

246TNT 

D. Jnt1rf1renc11: 

I.U 
e.ss 
1.78 

u;/L 
ug/L 
u;/L 

Any coapcund th1t is ••ter solublt 1nd gives I rttention tiat 1iail1r : to 
the nitro - coapounds 1nij 1bsorb1 1t 251 na. 
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After instru1ent calibration, one analyst can analyze t•o 1a1ple1 in one 
hour. Ont 1nalyst can conduct sa1pl1 preparation at a rate of three 
sa1ples per hour. One analyst doing both sa1ple preparation and the HPLC 
1n1lysi1 can run 16 sa1ples in an 8-hour day. 

F. Safety infor1ati0n: 

Work in •ell-ventilated 1reas. Wear adequate protective clothing to 
avoid skin contact. Wash skin •ith soap and •ater thoroughly i11edi1tely 
after contact. 

TNT is classified as Explosives A by DOT. Avoid extreme te1per1tures and 
pressures. 

III. APPARATUS AND CHENICALS 

1. Syringes: 11 ul, se ul, 111 ul, 1 1L syringe 
(Ha1ilton 1105 TEFLL) 

2, Vi1ls with Teflon-line~ caps or septa . No1in1l voluae 
of 1.8 • L, 4.1 •Land 12 al. 

3. B-D 6l1sp1k disposable syringes , 11 •Ls, with frosttd tip 

4. 1,45 aicron nylon filttrs 

5. 11 •l pippette 

B. Instru1ent1tion 

l, Perkin-El1er Series 4 High Perfor11nct Liquid Chro1ato9r1ph (HPLC> 
,quipped •ilh I Nicro&eritics variable wavelength detector 786. A 
Hewlett-Packard 3391 recording integrator in peak height aode was 
used to record data output. 

2. Rheodyne 11-port a1nu1l injector 

3. Analytical balance capablt of weighing 1.11 gra ■ s for s11pl1 
preparation and 1.1 ■ g for standard pr1par1tion. Ntttltr AE 163 or 
equiv1l1nt. 
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I 
I 4, P.irueter1 

•· Colu ■ n1 : 

"tth0d N0. 86 

1 ) R DuPont Zorb1x ODS 4,6 ■• i,d. x 25 c ■ HPLC colu ■ n •ith 1 
particle size of 5- 6 ■ icrons. 

2) R DuPont Per11ph1se ODS guard colu ■ n. (0pti 0n1l > 

b. ~obile Ph1se: The w1ttr/1eth1nol ratio ■ ust be 1djusted 11 

described in the c1librati0n Section V,A.S . c to obt1in opti ■ u ■ 
puk sep.iration. 

44-55'.4 uter 
28-344 ■ eth1nol 

16-221 1cetonitrile 

c. Flow: 1, 6 ■ L/ ■ in with I pressure of 1ppr0xi1ately 2868 psi; , 

d. Detector: 2S8 n ■ 

e. Injection Yolu ■ e: 11 ■ ls 

f . Retention Ti1e1: 

C. An1l ytn 

24DNT 
26DNT 

246TNT 

13.71-14.11 
12.81-13.51 
11.51-12.11 

1. Che ■ ic1l Abstr1cts Registry Nu1ber1 

24DNT 
26DNT 

246TNT 

121-14-2 
686-21-2 
118-96-7 

2. Che ■ ical Re1cti0n1 

None . Explosives ire 1e1sured directly on tht HPLC. 



3. Phy,ical Propertin 

Foraula flo 1 • 1ft. Pl. p. 

24DNT c7H6N2o4 182.14 

26DNT c7H6 N2o4 182.14 

246TNT c7H5N3o6 227.13 

D. Reagent, and SARl1s: 

1. Acetonitrile, distilled in glass for HPLC use 

2. 11ethanol, distilled in glass for HPLC use 

3. Water, distilled in glass for HPLC use 

4. Sodiu• Chloride ACS Reagent grade 

S. Standard Analytical Reference flaterials 

IY. CALIBRATION 

24DNT SARM No. 
26DNT SARl1 No. 

246TNT SARl1 No. 

A. Initial Calibration 

1147(PA 1298) 
1148(PA 1299) 
1129(PA 1297) 

1. Preparation of Standards: 

fhthod No . 86 

('C) J.P. (•Cl 

71 3H 
(decoapous) 

66 

82 240 
(decoaposes l 

1. Stock calibration solutions containing 1pproxiaately 1e,eee ag/L 
of a nitro-coapound are prepared by accurately Neighing ca. se ag 
of a SARl1 into a 5 al seru• bottle and dissolving the 
nitro-coapound in Sal of acetonitrile pipetted into the bottle. 
All stock solutions prepared in this ••nner and stortd in 1 
freezer (1 1 - 41 C) have re11ined stable for I period of 6 
aonths. 
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b. Interaediate Calibration Standardsa All c0ap0und1 appear tc be 
stable for at ltast 3 acnths. 

1) lnt1raediat1 Calibration Standard A (high level): Coabine 
the appropriate voluaes of stock calibration standard as 
sho•n below. Dilute to 5 1L with acetonitrilt and seal with 
a Teflon-lined cap. Store in the dark at l'-4 1 C. The 
resulting solution •ill have the concentrations indicated in 
the following table . 

Nitro-compound 

24DNT 
26DNT 

246TNT 

uL of 
Stock 

Cal Std 

75 
7S 

125 

Resulting 
conttntrati on 

(ug/1L) 

ISi 
151 
2511 

2> Interaediate Calibration Standard B (low ltvtl)a 1111 
dilution of the lnteraediate Calibration Standard A is 1ade 
in acetonitrilt. Stal with a Ttflon-lined cap and stort in 
the dark at l-4 1 C. The resulting solution will have the 
follo•ing concentrations: 

Nitro-Co11pound 

24DNT 
26DNT 

246TNT 

Rnulting cone. 
(ug/1l) 

15.1 
15.1 
25.1 

c. Working Calibration Standards: Using the following tablt, 
prepare I series cf nine calibration standards. Pipette 11 ■Ls 
HPLC grade water into 1 111 1L vial prepared with 1.2 gr11s NaCl, 
Inject the indica~ed voluaes of inter1edi1te calibration standard 
A er 8 into the 11 aLs of 21 NaCl with a aicroliter syringe. 
Seal the vial with a teflon-lined septua and cap. "ix well. 
These solutions art prepared iaaediattly prior to injection . 



A ■ t . (uL> 
Inhrud. 
C1l. Std. 
to Add 
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WORKIHS CALIBRATION STANDARDS 

Resulting Concentration (ug/L) 

A ■ t. (1l) 

Nobile 2. IX 
Ph1u 

Cone. A B N1Cl 246TNT 
26DNT 
24DNT 

======== ===================== ====================================== 

e e.e u.e e.e I.I 
I.S X 1.25 U.I 1.625 1.375 
1.1 X e.5e U.I 1.25 I. 75 
2. e X 1.1 u .e 2.51 1. 51 
S.11 X 2.5 u.e 6.25 3.75 

111 X S.I U.I 12.5 7.51 
21 X 11.1 u.e 25.1 15.1 
se X 2.5 u.e 62.5 37.5 

ue X 5.1 u.e 125 75.11 

2. Instru1ent Calibration 

a. Set up the instru ■ ent according to the ■ anuf1cturtr'1 

rec0 ■ 1end1tions . 

b. 2t NACl •attr is 1n1lyz1d 11 a blank to vtrify a stablt 
bntline. 

c. Analyze the 1ediu ■ c1libr1ti0n standard (111) to vtrify ptak 
sep1r1tion and rtttntion ti1es. 

d. An1lyzt the c1libr1tion st1ndards pr1p1r1d in Section IY.A.1 . 

3. Analysis of Calibration Data 

1. Tabulate the c1libration standard concentration versus the peak 
hei;ht response for each c1libr1tion standard. 

b. Perfor ■ 1 linear regression analysis on the calibration data 
plotting peak height v1. concentration in u;/1 . 

4 . Calibration Checks 

• · Afttr c01plttion of analyses of sa1pl11, • calibration standard 
at tht highest conctntration is 1n1lyz1d. Tht responst 1u1t 
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1gr ee •ithin 25% for that concen tra t ion fro• th1 first 1ev1n 
c1Jibration curve,. There1fter, the response 1ust agree •ithin 
t•o s t1ndard devi1tions cf the 1ea n response fo r that 
concentration . If it does not, th e calibration 1t1nd1rd •ill bt 
rean1lyz1d . If the ca libration s tand1rd fails this test, initial 
calibration aust be perfor1 ed, and all saa ples analyzed since the 
last acceptable calibration ■ ust be reanalyztd , 

b. No certified calibration check standards are available for these 
coapounds. 

B. Daily Calibration 

1. Prior to analyses 11th day, a high calibration st1ndard •ill be 
analyzed. For the first seven deter ■ inations at this concentration, 
the response aust agree •ithin 2SX of the 1e1n of all previous 
responses. After seven deter1inations, the response ■ust 19r1e 
•ithin ± t•o standard deviations (± 2tl of the 1ean response for 
previous deterainations at this concentration. 

2. If the calibration standard fails this test, it •ill bt reanalyztd. 
If the calibration standard fails the second test, the 1yste1 •ill 
have failed daily calibr1tion, and initial calibration •ill be 
perfor1ed . 

3. After co~pletion of sa1pl1 analyses each day, the high calibration 
standard •ill be analyzed 1g1in. The response for this calibration 
standard •ill be subjected to the criteria discussed in Section 
IY.B.1, 1bove. If the response f1ils the criteria, the standard •ill 
be reanalyzed. If the second response fails the test, the 1y1t1■ 

Nill h1v1 failed c1libr1tion, and initial c1libration •ill bt 
perfor1ed. All saaplts 1nalyz1d since the last 1ccept1bl1 
calibration ■ ust be rean1lyz1d. 

Y. Certification Testing 

Control spikes art prepared the sa ■ e Nay as the •orking c1libration ,tandards 
in section IY.A.1.c. 

YI . SANPLE HANDLING STORAGE 

A. S1 ■ pling Proc1dur1z Tht 1tability of ••plosive, in •ater i1 not fully 
kno•n. Precautions s hould be taken to avoid prolonged ••p os ur1 to light 
and heat . 

B, Contain1r11 1 L aabtr glass bottles •ith ttflon-lintd lid1 , 
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C. Storage Conditions: S11ples should be aaintained 1t 4° C fro• tht ti ■ e 
of collection until the ti1e of 1n1lysi1. No che1ical prtservatives ire 
necessary. 

D. Holding Tiae Li1it1: Since no ,~tractions art ptrfor1ed, aqueous s11ple1 
aust be analyzed •ithin sevtn days . 

E. Solution Vtrification: No certified check stand1rds 1rt 1vailablt. 

VII. PROCEDURE 

A. Sep1r1ti0n1 

1. Accur1tely •eigh 1.2 gr11s cf N1Cl into a 11 1L vial. 

2. Using a 11 •L syringe fitted •ith 1 1.45 1icr0n nylon disposablt 
filter, pour the s11ple into the syringe b1rr1l. 

3. Force at least 11 1L1 cf the filtratt into 1 11 •L vial prtpartd 
•ith e.2 g NaCl. 

4. The filtrate is rtady for analysis by HPLC. 

8. Che ■ ical Rtactions: None. Co ■ pounds art read dirtctly on the HPLC. 

C. Instru1ental Analysis: 

1. Set the chro11to9raphic conditions as foll0•1: 

Equilibriu• 
Analysis Run 

Ti1e Flo• 
(1inutes) <1ls/1in.) 

2 
21 

1.6 
1.6 

"tCN 
l 

16 
16 

"tOH 
l 

34 
34 

HOH 
1 

51 
50 

2. Using the 1anu1l injector 1anuf1cturtr's rec011ended proctdurt, 
introduce 18 •L of the 1ediu1 ltvtl calibr1tion 1t1ndard into tht 
chr011tographic syste1. Check the chro1at0gra1 to ensure 1ep1r1tion 
of the nitrated toluenes. If necessary, adjust tht water/1eth1n0l 
r1ti0 of the aobile phase until separate peaks art di1tin9uishtd. As 
th, colu ■ n 1911, less aethanol is r1quir1d. 6en1r1lly, tht colu ■ n 
ages rapidly the first 24 hours, 1ft1r which it is fairly stable. 

3. Once good peak stparation is obtaintd, introduce ll ■ L of 11ch 
Norking calibration standard, sa1ple1, and 1pikt1 into tht 
chro11tographic 1yste1 using tht 1anu1l injtctor 1anuf1ctur1r'1 
rec011ended procedurt. 
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YIII . CALCULATIONS 

Ho calculations are necessary . Target co ■ pound conctntration vs. response is 
plotted directly into I linear regression prograa . Sa1ple responst is 
1ntered and concentration is provided fro• the linear regrtssion. 

IX . DAILY QUALITY CONTROL 

A. Control Saaples 

t . Daily control saaples are prepared in I aanner identical to that 
described in Section Y. A total of three control spikes art requirtd 
on a daily basis: tNo at tex and one at 2X. They •ill havt the 
following concentrations. 

Cone. 

Aat Cul> 
Interaed, 
Spiking B 
to add to 
2,1 aLs 
Acetonitrilt 246TNT 

24DNT 
26DNT 

==========================================================••· 
2X 

llX 
11 
5e 

2.1 
11.1 

1.2 
6.1 

2. At least one aethod blank using ASTN Typt II •ater is 1110 analyztd 
•ith each analytical lot. 

3. At least one aatrix spike (actual saaplt> at 111 is analyzed for tach 
analytical lot or at a frequency of 11%, •hichever is aort frequent. 

B. Control Charts: 

1. Average Percent Recovery (X) 

a. Percent recoveries for the llX certification spikes froa days 1 
and 2 are averaged to obtain the first value to be plotttd. 

b. Percent recoveries for the 11X certification spikes froa days 3 
and 4 art averaged to obtain the secon~ value to bt plott~d. 

c. Percent recovtries for tht aethod spikts closest to the 
ctrtification 111 fro• tht first day of analyses are 1v1raged to 
obtain the third value to be plotttd , 

d. Values fro• 1, b, and cart averaged to dtttraint th, ctntral 
lint of tht control chart. 
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t, Difftrencts in ptrctnt rtcoverits for 11th p1ir of v1lut1 in 1, 

b, and c 1rt 1ver1ged to obt1in R. 

f, The upper and lo•er warning liaits 1r1 t 1,25 R fro• tht c,ntral 
1 int. 

g. The upper and lo•er control liaits 1r1 t 1.B8 R fro• tht centra l 
1 int. 

Di ff er ence in percent recoveries CR) 

I, The value for R obhi ned in Section IX.B.1.e, 1bove, is the bne 
line of the control chut. 

b, The urning 1 i •it is 2.511 R. 

c. The control li•it is 3.627 R. 

3. Three Point Noving Aver1gt I 

... 

1. The 1ver1ge percent recovery fro• the 2X concentr1tion fro• the 
first three d1ys of certific1tion testing is the first point to 
be plotted. 

b. Subsequent points to be plotted are the average percent 
recoveries fro• the 2X conc1ntr1ti0n fro• the next group of three 
deterain1tions (e.g., c1rtific1tion d1ys 2. 3. and 4; 
certification days 3 and 4 and the first d1y of analysis; 
certification day 4, d1y 1 of an1lysis, and day 2 of analysis; 
etc.) 

c. The ctntr1l point on the control ch1rt is the average of the 
plotted points and changes with 11th 11ded point. 

d. The range for 11th point is the ~ifference between the highest 
ind lowest v1lues in 11th group of three deterain1tions. The 
1ver1ge r1nge <NAR ) is used to define the w1rning and control 
li •its. 

t. The upper and lonr urning liaih art t 1.682 NAR, rnpectively. 

f. The upper and l o•tr control liaih art t 1.123 NAR, respecti vtl Y• 

Three Point Noving Averagt Ra 

•• The bin 1 int is tht NAR. 

b. The urning liait ii 2.1511 NAR . 



C,b1.Jlt, I ANNE 
o 2 M1383E0100 
o) M1383E0102 
O.J Ml383E0103 
o E M1383E0104 
oll M1383L0101 
o 7 M1383R0100 
of M1383R0101 
o '1 M1383R0102 

COttN/t? M1383R0104 
I/ M1383R0105 

l..o115o/~383R0201 
C,(JMI 1,;. - M 13 8 3 RO 2 0 2 
lo rso2.~383R0203 
Lou!5o.!J-M-i383R0204 
L.01.1~ .,q~3 8 3RO 2 0 5 

COL~IJ M1383R0301 
N Ml383R0302 
,.,- M 1 3 8 3 R O 3 0 5 
11, M l 3 8 3 RO 3 0 6 
1 7 Ml383R0307 
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