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EXECUTIVE SUMMARY 

The U.S. Navy prepared this document to address questions raised by the 
Environmental Protection Agency (EPA) in their review of the Resource 
Conservation and Recovery Act Facility Investigation (RFI) work plan for 
Navdl Air Station (NAS) Key West, Florida. EPA questioned the proposed use 
of rigid polyvinyl chloride (PVC) as a monitor well construction material 
during the investigation. The Navy is submitting this document to justify 
the use of PVC well construction materials. 

The analysis performed within this document addresses the EPA information 
requirements identified below: 

1. Data-Quality Objectives 
2. Concentration ranges of anticipated compounds 
3. Residence time of groundwater in well 
4. Reasons for not using a hybrid well 
5. Literature review of adsorption/desorption characteristics 
6. Wall thickness/annular space 
7. Type of PVC to be used 

The Navy has reviewed the data-quality objectives, the contaminants being 
monitored, the site's hydrogeology, the pertinent laws, regulations, 
literature, and manufacturers' recommendations. 

The more recent scientific literature strongly supports the selection of 
PVC well construction materials. The basis for this decision is the nature 
of the groundwater and the ability to produce a sufficient quantity of 
water, minimizing residence time of groundwater in the well prior to 
sampling. This evaluation supports the use oi PVC well construction 
materials for the RFI investigation to be performed at NAS Key West. 



1.0 INTRODUCTION 

Recent discuseions between the U.5. Navy and the EPA relative to the 
proposed investigation to be conducted at NAS Key West have centered on the 
selPction of well casing material for monitoring wells. The Navy believes 
the use of Schedule 40  PVC will be equivalent if not more superior to 
stainless-steel casings for groundwater monitoring purposes. The following 
discussion addresses EPA's seven points of required information as 
requested in comments to the RFI work plan from EPA. 

The seven point information requirements are summarized below: 

* 1. Use of an alternate well construction material must satisfy the 
Data Quality Objective(s) (DQO) for the investigation. 

2. The constituents and the concentrations anticipated should be 
compatible with the casing material. 

3. The productivity of the aquifer and the anticipated residence time 
of the sample within the well should minimize' the potential of the sample 
being affected by the casing mate~ial. 

4. The reasons for not using a hybrid well should be reviewed 

5. Literature on adsorption/desorption characteristics of the 
constituents and elements of concern for the type of PVC to be used should 
be reviewed. 

6. Determine if there is an anticipated increase in the thickness of 
the casing wall and whether an increase in the annular space will be 
required. 

7. Present the type of PVC to be used and the manufacturers 
specifications, if available. Additionally, EPA requests an assurance that 
the PVC to be used will not leach, mask, react, or otherwise interfere with 
the contaminants being monitored within the limits of the DQO(s). 

The following sections discuss the available information relative to each 
of these item. 

In preparing these discussions numerous technical articles were reviewed, 
including 'Selection of Qroundwater We11 Construction Material for Naval 
Air Station Cecil Field Jacksonville, Florida' (April, 1990) prepared by 
Robert Moser, P.E. (Southern Division Naval Facilities Engineering Command) 
and 'Justification For the Use of Rigid Polyvinyl Chloride Monitoring Well 
Casing and Monitor Well Screen at Operable Unit 1. Naval Air Station 
Jacksonville, Florida' (September, 1991) prepared by Geraghty and Miller, 
Inc. These documents provided excellent summaries and discussions of many 
of the above issues which have been incorporated throughout this document. 



2.0 INFORMATION REQUIREMENTS 

To adequately address the seven criteria, the Navy has gathered site- 
specific information concernihg the project objectives, the constituents of 
concern at NAS Key West, the general groundwater quality and the aquifer 
chawacteristics. In addition, an extensive literature search was performed 
by both Robert Moser and Qeraghty and Miller to collect current scientific 
literature on the appropriateness of various well construction materials. 
The results of this data compilation are presented in the following 
sections. 

2.1 Data Quality Objectives 

Data Quality Obiectives (DQOs) are statements of the level of uncertainty 
that a decision maker is willing to accept in results derived from 
environmental data. DQOs are requirements needed to support decisions 
relative to the various etages of remedial actions and are developed 
through a three atage process. Stage 1 defines the types of de'cisions 
which will be made regarding site remediation, eval~ating available data, 
developing a conceptual model, and specifying objectives for the project. 
Stage 2 requires the identification of the data necessary to meet the 
objectives established in Sage 1 which includes the selection of the 
sampling approaches and the analytical options for the site. Stage 3 
specifies the methods by which data of acceptable quality and quantity will 
be obtained to make decisions. 

2.1.1 Stage 1 DQ0s; Problem Summary 

Task 1. Decinion Types. The purpose of the RFI is to determine if NAS Key 
West sites pose a threat to public health or the environment and if a 
threat exists, to determine the most effective means for addressing the 
perceived threat in a manner that is protective of human health and the 
environment. With the above etated purposes in mind, the questions 
pertinent to groundwater at NAS Key West are! (11 Are the constituents of 
concern present in the groundwater capable of impacting the public and/or 
valuable environmental resources?, and ( 2 )  If an impact is anticipated, 
what is the most effective means of alleviating the risk due to impacted 
groundwater? 

During the course of the investigation, the Navy will make  decision^ 
regarding groundwater issues baeed upon data generated during the BFI. The 
Navy's Project Manager will be in close contact with federal and state 
Project Managers to ensure that the data generated will be sufficient to 
address the questions presented above consistent with the requirements of 
the RCRA Hazardous and Solid Waste Amendment (HSWA) permit as well as EPA 
policy and guidance. 

Task 2. Evaluation of Available Information. Available information was 
reviewed and used in developing the work plan. Investigations and 
information used in this process included, but were not limited to, report 
of previous investigations by Oeraghty and Miller, Inc. (1987 and 1988) and 
International Technology Corp. (1990 and 1991). 

The review of past reports indicated that usefulness of the data with 



respect to groundwater characterizations is not sufficient for making 
quantitative decisions concerning all of the sites. The available 
information does provide a basis for developing a conceptual model of 
potential groundwater impacts. . 
Task 3. Conceptual Model of Potential Groundwater Impacts. Conceptual 
models have been developed in the Phase I Remedial Investigation Report 
based upon available historical info~mation obtained during previous 
investigations and sampling completed to date. Data indicate that soil, 
groundwater and surface water have been impacted with metals, volatile 
organic compounds (VOCs) and pesticide contamination at various sitee. The 
groundwater at all sites is classified as Class III-G, not suitable for 
d~lnking water. 

a. Truman Annex Refuse Disposal Area This site was an uncontrolled 
disposal area. Waste encountered during investigation consisted of 
approximately 50 percent construction debris, 15 percent household refuge 
and 35 percent scrap metal. Groundwater analytical results for this site 
indicate the detection of many of the metal compounds. Some metals 
(barium, iron, and sodium) are probably more related to the soil/rock 
characteristics or perhaps sea water intrusion, than an indication of 
contamination. The other detected metals (antimony, arsenic, cadmium, 
chromium, copper, lead, manganese, mercury, nickel, and zinc) may represent 
contamination caused by leaching of wastes from within the landfill. One 
monitoring well had detectable concentrations of pesticides. No organic or 
semi-organic compounds were detected. 

b. Truman Annex DDT Mixing Area This site was used for chemical 
mixing and handling oi pesticides. The building in which operations took 
place has been demolished, and contamination on site ia attributed to 
unintentional spillage that took place in and around the building. 
Analytical test results indicated metals (iron, sodium and cadmium) and 
various pesticide compounds. 

c. Boca Chica Open Disposal Area This site was used to burn refuse 
and an area wan used to place debpis that could not be burned. Groundwater 
analysis detected VOCs, base neutral extractable compounds, and metals 
(mercury, copper, and arsenic). 

d. Boca Chica DDT Mixing Area This area was used for that same 
purpose as the Truman Annex DDT Mixing A~ea. Compounds detected include 
metals (sodium and iron), organics (benzene, chlorobenzene. 1-2- 
dichloroethane, ethylbenzene, 2-methylnaphthalene, and naphthalene) and 
pesticides. 

e. Fleming Key North Landfill This landfill consisted of 60 percent 
household debris, 30 percent construction debris, 5 percent electrical 
debris and 5 percent scrap metal. Analytical results of the groundwater 
indicate metal compounds (antimony, cadmium, chromium, iron, lead 
manganese, mercury, nickel, and sodium) and one well had detectable 
concentrations of VOCs. 

f. Fleming Key South Landfill This landfill consisted of 40 percent 
vehicle debris, 30 percent household debris, 25 percent construction debris 



and 5 percent electrical debris. One test pit contained liquid oil, gas 
and antifreeze. Analytical groundwater results detected metals (calcium, 
magnesium, potassium, iron, sodium, a~senic, chromium, lead and mercury), 
and . organic compounds (chlorobenzene). 

g. Boca Chica Fire Fighting TraininR Area This slte is used to burn 
downgraded fuel while traininf fire iithters. Analytical test results - - - 
detected metals (chromium, iron and sodium) and organics (benzene, 
ethylbenzene and naphthalene). 

Areas that have not been characterized include Building A-080, Sand 
Bjasting Area by Building A-090, and Former Hazardous Waste Storage 
Building A-824. These sites will be characterized in this field 
investigation. 

2.1.2 Stage 2 DQOs: Data Needs 

To assess the impact of contaminated groundwater on public health and the 
environment and to screen potential remedial alternatives, data on the 
underlying lithology of the site, groundwater flow patterns, and 
groundwater quality must be collected. The following sections discuss the 
additional hydrogeologic data that has been collected to satisfy the 
identified data need. 

Task 1. Geoloeic Data. The Florida Keys were created through eustatic 
elevation of limestone rock units. All of the Lower Keys are composed of 
Miami Oolite, which consists of calcium carbonate and tiny ooloids or 
spherical calcarioua grains. Key largo Limestone underlies the Miami 
Oolite on all the Lower Xeys and consists of cemented remains of ancient 
coral reefs, fossils, and shells. The Miami Oolite is approximately 20 
feet thick at Key West and is considered to contain primary porosity. 
Primary porosity is porosity that developed during the final stages of 
sedimentation. The underlying Key Largo Limestone is permeable and yields 
water but the quality is poor, being close to that of seawater. The Key 
Largo Limestone is approximately 180 feet thick at Key West. 

Task 2. Hydraulic Data. International Technologies Corp (IT) performed 
two slug tests using the Bouwer and Rice method of analysis. Average 
hydraulic conductivities were calculated at 72 and 1024 gallons per day per 
square foot (gpd/f t2 ) , respectively. Transmiasivity values range from 
approximately 72,500 gallons per day per foot (gpd/ft) to 12,400 gpd/ff. 
Because storativity cannot be determined from slug test data, an estimated 
value of storativity of an unconfined aquifer is generally considered to be 
equal to the total porosity. The estimhted average porosity of the oolitic 
limestone ranges from 0.20 to 0.35, the storativity ranges from 0.10 to 
0.17. The lower value is representative of silty sand, while the higher 
value is representative of the oolitic limestone. 

Task 3 .  Qroundwater Quality. Although Key West is underlain by highly 
transmissive limestones, most groundwater is brackish, saline or 
hypersaline and cannot be used for potable purposes. A fresh water lens 
does exist and is located in the western interior of the island, however an 
assessment of the groundwater by the United States Geological Survey (USE!) 
concluded that the water does not meet State drinking water standards for 



several constituents. Drinking water is piped from Miami through an 
aqueduct ~ystem and no known wells are currently being used for drinking 

' water in Key West. 

2 . 1 , 3  Stage 3 DQOs; Sampling Program 

To further characterize the type and extent of the contamination at each 
site, the sampling program presented in the RFI work plan will be 
conducted. The following sections will briefly describe the types of 
activities to be performed as well as the potential impact monitor well 
construction matepiale may have on the data collection effort. 

Ta$k 1. CfeoloEic Data. The need for additional geologic data will be 
satisfied by collection of soil borings along with associated geotechnical 
sampling to include lithologic descriptions of each site. Monitor well 
construction materials do not have any impact on the collection or quality 
of lithologic or geotechnical information collected during the sampling 
program. 

Task 2. Hydraulic Data. A s  indicated in the work plan, additional wells 
will be inatalled to obtain hydraulic and contaminant data at each site. 
Monitor we11 construction materials can have an impact on the quality of 
the water level data obtained from the monitor wells. The quality of the 
data will be impacted if the well construction materials fail, resulting in 
collapse of the well screen or if the monitor well screen becomes fouled 
due to corrosion or biological growth. In either of these instances, the 
monitor well is no longer in connection with the groundwater and the water 
table data becomes suspect. 

Task 3. Qroundwater qua lit^. Further groundwater monitoring is scheduled 
in Phase I1 of the RFI work plan to provide additional data concerning 
groundwater contamination at the various sites at NAS Key West. Chemical 
data on a more complete list of constituents will be collected at some 
sites to adequately characterize the contamination. The additional 
chemical data will also be used to adequately review and ecreen potential 
remedial alternatives for the site. Current ~esearch indicates that, under 
certain conditions, various monitor well casing materials can impact the 
groundwater chemistry in the vicinity of monitor wells and lead to biased 
data. 

2.2 Identification of Constituent Concentrations 

The RFI work plan identified conatituents and the range of concentrations 
detected in the groundwater during previous investigations. The 
concentrations detected have been summarized in Appendix A. 

2.3 Aquifer Productivity and Sample Residence Time 

International Technologies Corp (IT) performed two slug tests using the 
Bouwer and Rice method of analysis. Average hydraulic conductivities were 
calculated at 72 and 1024 gallons per day per square foot (gpd/ft 1 ,  
re~pectively. Transmissivity values range from approximately 72,500 
gallons per day per foot (gpd/ft) to 12.400 gpd/ft. Because etorativity 
cannot be determined f ~ o m  slug test data, an estimated value of storativity 



of an unconfined aquifer is generally considered to be equal to the total 
porosity. The estimated average porosity of the oolitic limestone ranges 
from 0.20 to 0.35, the storativity ranges from 0.10 to 0.17. The lower 
value is representative of silty sand, while the higher value is 
representative of the oolitic limestone. . 
Based on calculations previously completed in 'Justification For the Use of 
Rigid Polyvinyl Chloride Monitoring Well Casing and Monitor Well Screen at 
Operable Unit 1 ,  Naval Air Station Jacksonville, Florida' (September, 1QQ1) 
prepared by Qeraghty and Miller, Inc., the well can be puvged at a rate 
greater than 0.5 L/min without being purged to dryness. The Sampling Plan 
requires purging of three to five well volumes prior to sampling. All 
groundwater samples will be collected immediately after well purging has 
d e n  completed. Consequently, the monitor welle can be adequately purged 
and the water that will be sampled will represent formation water. 

2.4 Hybrid Monitoring Well Usage 

The Navy chooses to not utilize hybrid wells due to the corrosion factors 
present at the sites, the absence of a legal mandate requiring them, and 
the relative cost of these installations. 

2.5 Literature on adsorption/desorption characteristics of the 
conatttuents and elements of concern for the type of PVC to be used. 

A review of EPA guidance and published literature was conducted in an 
effort to summarize the current position of the Agency as well as the bulk 
of the scientific investigations performed to date. EPA Region IV's 
Engineering Support Branch Standard Operation Procedures and Quality 
Assurance Manual (1991) recommends the use of stainless steel for temporary 
shallow monitoring wells and stainless or PVC (where organic compounds are 
not of concern) for permanent monitoring wells. EPA's RCRA Qroundwater 
MonitoringTechnical Enforcement Quidance Document recommends the use of 
stainless steel well materials for long-term monitoring programs, i.e.. 30 
or more years, due to its structural integrity. Stainless steel is also 
indicated to not sorb or leach trace organic constituents to the same 
degree as other materials, EPA's Handbook of Suggested Practices for the 
Design and Installation of Groundwater Monitoring Wells (1988) indicates 
that cowosive conditions can limit the life of metallic welle and result 
in a bias of groundwater samples. EPA's Qroundwater Handbook (1987) 
recommends that the selection of well casing materials be conducted in 
light of known groundwater conetituents. 

Several papers were reviewed to determine the current understanding of the 
interaction between groundwater and select we11 construction materials. 
The papera are eummarized below with full text appended. 

-'Review of Studies Concerning Effects of Well Casing Materials on Trace 
Measurements of Organic Compounds', R .  M. Dowd. 1987. Appendix 6. 

Dowd concluded that no difference exists between the effects of 
stainless steel and PVC among certain VOCs when the groundwate~ is purged 
from the wells. Static experiments show no difference between Teflon and 
PVC. Field experiments suggest that FVC may be more sensitive than Teflon, 



and therefore would detect volatile organics better than Teflon. Dowd 
concludes.that sampling variability may have a greater effect on trace 

: organic measurements than the well material. 

-'Sorption of Organics by Monitoring Well Construction Materials', A. L. 
Syk'es, R. A. McAllister, and J. 8. Homolya, 1986. Appendix C. 

The authors concluded that no statistical difference exists in the 
analytical results for groundwater samples collected from monitoring wells 
constructed of PVC, Teflon, and stainless steel 316. 

-'Well Construction and Purging Effects on Ground Water Samples', M. J .  
Barcelona and J. A. Helfrich, 1986. Appendix D. 

T' 

The authors reported that field studies indicated that PVC 
consistently detected higher levels of purgeable organics than did either 
stainless steel or Teflon when purged. Volatile organics were also 
reported to be present at higher levels in PVC wells than stainless steel 
wells when the wells were not purged. They conclude that purging the 
stagnant water from the monitoring wells i e  essential to the collection of 
reliable groundwate~ eampling. The potential exists for improper well 
purging to paeaent greater eprors in the sample results than either the 
sampling mechanism or well casing material. 

-'Leaching of Metal Pollutants from Four Well Casings Used for Groundwater 
Monitoring', A .  D. Hewitt, 1989. Appendix E. 

Within the experimental design, Teflon well casing materials were 
identified as the most suitable material since it did not leach any of the 
nine metals that were examined. PVC, stainless steel 304, and stainless 
steel 316 all contributed barium, cadmium, ch~omlum, lead, and copper to 
water sampled from wells constructed with these materials. The author 
concludes that in investigations where trace concentrations of metals are 
of concern Teflon well construction materials should be used. PVC is the 
appropriate second choice since its influence appears to be minimal and 
predictable. 

-'Influence oi Well Casing Composition- on Trace Metals in Qround Water', A. 
D. Hewitt, lQ8G. Appendlx F. 

In this paper, the author reported that stainless steel 304 and 
stainless steel 316 are both eusceptible to oxidation and are not 
appropriate for use where trace metal concentrations are involved. PVC was 
reported as having eome potential effect on cadmium at low levels and 
possibly lead where increasing concentrations of total organic carbon are 
present. PVC is, however, recommended as the secohd choice due to cost as 
well as the strong possibility that the observed effects are oi less 
concern when residence time within the PVC well casing is less than 24  
hours. 

-'Evaluation of Four Well Caeing Materials ior Monitoring Selected Trace 
Level Organics in around Water', L. V. Parker, T. F. Jenkins, and P. 6 .  
Black, 108Q. Appendix a. 



The authors reported that of the four well casing rnaterlals considered 
(Teflon, PVC, stainless steel 304, and stainless steel 316), Teflon was 
clearly the poorest choice for monitoring low levels of organic 
constituents. In testing with PVC, several compounds exhibited some loss: 
however, the rate of loss was always much slower than for the Teflon 
casings. Usually 24 hours lapsed before significant losses occurred. 
Neither stainless steel material exhibited loss of organic constituents: 
however. rusting of the material occurred very quickly - sometimes 
overnight in water amended with sodium chlo~ide. The authors conclude 
that, in a monitoring situation where the well is purged and then sampled 
within 8-24 hours, PVC cased wells are probably suited for sampling most 
organics. * 
Reported compatibility of PVC with various constituents is provided in 
Appendix H. Most compounds are compatible with PVC materials. Several 
compounds, specifically solvent type compounds, are not compatible with PVC 
in a concentrated solution. Conditions which are expected to be 
encountered in the groundwater at NAS Key West are not believed to 
represent a threat to the integrity of the PVC well caelng material, 
however the corrosive nature of the soils and hypersalinity of the 
groundwater may p~esent a problem with stainless steel casing. 

2.6 Anticipated increase in annular space due to increased thickness of 
the casine: wall. 

No anticipated increase in the borehole annular space is anticipated since 
the outside diameter of the two-inch PVC well screen and casing is 
identical to the stainless steel materials. 

2.7 Type of PVC to be used and the manufacturers' specifications. 
Assurance that the PVC to be used will not leach, mask, react. or 
otherwise interfere with the contaminants being monitored within the 
limits of the DPOs. 

Appendix H provides the manufacturers specifications for the PVC casing 
material that will be used for the NAS Key West investigation. Southern 
Division Naval Facilities Engineering Command Quidelines for Groundwater 
Monitoring Well Installation, Appendix I, specifies Schedule 40 flush 
threaded Joints meeting ASTM F480 and ASTM D1785. 

The Navy cannot assure EPA Region IV that PVC will not leach, mask, react, 
or otherwise interfere with the contaminants that will be monitored. 
Likewise, the Navy cannot assure EPA Region IV that stainless steel will 
not leach, mask, react, or otherwise inte~fere with the contaminants that 
will be monitored. 



3.0 RATIONALE FOR SELECTION OF MATERIALS 

The. basis for the selection of the well casing material includes an 
evaluation of the compatibility of each material with the groundwater 
chemistry, the cost of the material and the generation of data of 
sufficient quality to meet the DQOs for the project. 

3.1 Chemical Compatibility 

The groundwater is known to contain VOCs, pesticides, and metals. Seve~al 
oS, the compounds are known to be compatible with PVC according to 
manufacturers' literature, Appendix H. VOCs in concentrated amounts are 
not compatible with PVC according to manufacturer's recommendations: 
however, previous groundwater analyses at these sites do not indicate that 
VOCs will be encountered in the groundwater at concentrated levels. 
Therefore, PVC casing and screen sections should be suitable at this 
facility. 

The use of stainless steel screens and casing material is traditionally not 
recommended at locations where the groundwater is known to have strong 
oxidation qualities since stainless steel well materials are known to 
contain chromium and iron, all which are leachable under non-oxidizing 
conditions. Hypersalinity of the groundwater increases the oxidizing 
conditions, in turn, increasing the leaching of the metals. Studies have 
also shown that stainless steel rusts rapidly under hypersaline conditions. 

3.2 Federal Acquisition Requirements 

The Federal Acquisition Regulations (FAR) require the government to select 
materials which meet the minimum needs of the investigation. If a less 
expensive material is available that can provide comparable data, the less 
expensive material will be specified. Based upon known site conditions and 
the compatibility of the well construction materials with the site 
contaminants and groundwater conditions, PVC is the well construction 
material that should be purchased. The material cost for a fifteen foot, 
two Inch diameter PVC well with a five foot screen is approximately $23 per 
linear foot. The same diameter stainless steel well costs approximately 
846 per linear foot. A hybrid PVC and stainless steel well would cost 
approximately the same as a stainless steel well. 

The more costly well construction materials are sometimes considered as 
necessary investments in long-term monitoring programs, i.e., 30 year 
monitoring programs. The Navy intends to use the monitoring wells for the 
investigation phase only, which is anticipated to last approximately two 
years. The suitability of the wells for use during Remedial Design and 
Remedial Action will be determined alter the Record of Decision is signed. 

3.3 Quality of Chemical Data 

PVC is the most commonly used material for well casings and screens. The 
Water Well Journal (May lQ&%i reported the result' of a January led8 survey 
of well drillers which indicated that 85.7 percent of the monitoring wells 
constructed are o i  PVC. Stainless steel and low carbon steel accounted for 
1 0 . 8  percent of the wells installed while other types of well materials 



accounted for the remaining 3.5 percent. From this survey one can either 
conclude that VOCe are not present at 85.7 percent of the sites or that PVC 
is an acceptable well construction material and is the industry standard. 

Review of recent literature indicates that PVC is a suitable material for 
use in the construction of monitoring wells. The literature concludes that 
PVC may be more sensitive to the detection of VOCe than Teflon. Field 
studies indicate that Teflon and stainless steel are more variable than PVC 
fop reactive organics and ino~ganics. One author concluded that no 
statistical differences exist between analytical results of water samples 
exposed to PVC, stainless steel, and Teflon. 

Current research indicates that the quality of the analytical data 
cgllected from adequately purged PVC monitor wells will accurately 
represent the vertical and areal extent of contamination as well as provide 
quantitative chemical data for support of the risk assessment. 



4.0 CONCLUSIONS 

The Navy has undertaken the preparation of this document to ensure that the 
concerns of EPA Region I V  hkve been considered in detall. The Navy hae 
reviewed the data quality objectives, the contaminants being monitored, the 
site hydrogeology, the pertinent literature, and manufacturers' 
recommendatione. 

The most recent work cited in Section 2.5 performed by Parker, et a1 and 
Hewitt ~trongly supporta the selection of PVC well construction materials. 
This conclusion is arrived at by coneidering the nature of the groundwster 
and the ability to produce a sufficient quantity of water to minimize the 
ryidence time of the groundwater in the well prior to sampling. Other 
factors supporting the use of PVC well construction materials include the 
corrosivity of the soil and environment in the Key West area, as well as 
federal acquisition requirements relative to the cost comparison of PVC 
versus stainless steel well casing. This evaluation, therefore supports 
the use of PVC well construction materials for the investigations to be 
performed at NAS Key West. 



APPENDIX A 

CONSTITUENTS DETECTED AND RANQE OF CONCENTRATIONS FOUND IN GROUNDWATER 
COLLECTED AT NAVAL AIR STATION KEY WEST 

1990 



TABLE 3-1 1 

DATA SUMMARY - SITE 1 
Truman Annex, Refuse Disposal Area 

NAS-Key West 
Key West, Florida 

IT Project No. 595392 

CLASS PARAMETER CSC MINIMUMw 
CONCENTRAT) 

-~ 
14 95.2 norgani~ Antimony 

50 .-. 62.2 Arsenic 

1.m 1.3 18 1.380 Barium 

to 22.2 51.5 Cadmium 
,. . I 

65.6 1 -. Manganese 50 
I ,,. - il 

2 2.4 I 111.- Mercury 
I 

- 

chlordane 

45 .-- 2.300 Pesticides/PCB ASOC~O~-1260 
--- 210 Sample Aroclor- 1254 45 

I NOTE: 

I = ~ i ~ i ~ ~ ~  values represent thc smdest concentration level above CSC 
... = present when only one value above CSC exists 
CSC = Concentrated standards for cornparison 



MEDIA 

TABLE 3-17 /I 
DATA SUMMARY - SITE 3 

Truman Annex, DDT Mixing Area 
NAS-Key West 

Key West, Florida 
IT Project No. 595392 

4,4-DDT 

Heptachlor 
epodde 

NOTE: It 

L 

. Minimum values represent the smallest concentration level above CSC 
-.- Present when only one value above CSC exists 
CSC Concentration standards for comparison 

.I0 

.0039 

Soil Sample 

..- 

... 

Pesticides/PCB 

2 1  

.11 

4,4-DDT 

4.4-DDD 

4,4-DDE 

1,m 

1,500 

1.m 

1,800 

2,000 

8,m 

220,000 

83,000 

33.000 



TABLE 3-32 

DATA SUMMARY - SITE 4 
Boca Chica, Open Disposal Area 

Groundwater 

Soil Samples 

Surface Water 

Sediment 
Sample 

NOTE: 

CLASS 

Volatiles 

Inorganics 

Inorganics 

Pesticides/PCB 

NAS-Key west 
Key West, Florida 

IT Project No. 595392 

Heptachlor 
eooxide 

MAXIMUM 
CONCENTRATION 

59 

PARAMETER 

Arsenic 

Sodium 

Chromium 

Aldrin 

* Minimum values represent the smallest concentration level above CSC 
-.- Present when only one value above CSC exists 
CSC Concentration standards for comparison 

CSC 

SO 

160,000 

85 

21 

MINIMUM* 
CONCENTRATION 

..- 

-.. 

.-- 

--- 

13,100,000 

118 

84 



TABLE 3-45 

DATA SUMMARY - SITE 5 . - Boca Chica, DDT Mixing Area 
NAS-Key West 

Key West, Florida 
IT Project No. 595392 

iroundwater I 

MINIMUM1 
C O N C E - ~ * ~  

CSC 

2,8M),000 

. 1,800,000 

8,400 

-0, 

>il Samples 

Surface Water 

PARAMETER M E D ~  

Inorganics 

Inorganics 

Vnl~riles 

CLASS 

Pesticides/PCB 

Silver 

Iron 

Sodium 

Chlorobenzcne 

I 

4,4-DDT 

4,4-DDT 

4,4-DDE 

51 ,' 

MO 

160,000 

10 

1 , m  

1,500 

1.m 

1 , m  

23,000 

..- 

..- 

465 

1 , 4 6 0 , ~  

57 

300 

1,700 

1,620,000 

210 



! 

TABLE 3-45 

DATA SUMMARY - SITE 5 . 
Boca Chica, DDT Mixing Area 

NAS-Key West 
Key West, Florida 

IT Project No. 595392 

MAXIMUM 
CONCENTRATION 

13,OM) 

2,800 

2,500 

I 
I 

MINIMUM* 
CONCENTRATION 

6 , m  

1,800 

1,900 

NOTE: 

Minimum values represent the smallest concentration level above CSC 

..- Present when only one value above CSC exists 
CSC Concentration standards for comparison 

CS C 

1,500 

1,m 

PARAMETER 

4,4-DDD 

4,4-DDE 

4,4-DDT 

- 
M E D Y  

Sediment 
Samples 

CLASS 

PesticidesJPCB 



MEDIA 

; roundwater 

Surface Water 

TABLE 3-53 

DATA SUMMARY - SITE 7 
Fleming Key, North Landfill 

NAS-Key West 
Key West, Florida 

IT Project No. 595392 

CLASS PARAMETER CSC MINIMIIM* MAXlMUhl 
CONCENTRATION CONCENTRATION 

NOTE: 

Minimum values represent the smallest concentration level above CSC 
--- Present when only one value above CSC exists 
CSC Concentration standards for comparison 



TABLE 3-63 I1 
DATA SUMMARY - SITE 8 

Fleming Key, South Landfill 
NAS-Key West 

Key West, Florida 
IT Project No. 595392 

MEDIA CLASS PARAMETER CSC MINIMUM* MAXIMUM 
CONCENTRATION CONCENTRATION 

Groundwa&r Inorganic Antimony 14 -.. 95.4 

- 
Volatiles Chlorobenzene 10 ... 63 

Sediment Inorganic Antimony 6.8 20.3 20.7 
Samples 

Surface Water Inorganic Arsenic 50 .-. 57.3 

Cadmium 10 ..- 19.8 

Iron UM ... 305,000 

Lead 50 -.. 155 

Manganese 50 .-. 294 

Sodium 160,000 --- 9,390,000 

Pesticides/PCB Aroclor-1242 .0046 .-. 1.1 

NOTE: 

Minimum values represent the smallest concentration level above CSC 
- - -  Present when only one value above CSC exists 
CSC Concentration standard for comparison 



TABLE 3-75 

Groundwater 

DATA SUMMARY - SITE 10 
Boca Chica, Fire Flghting Trainlng Area 

NAS-Key West 
Key West, Florida 

IT Project No. 595392 

t- 

j NOTE: 

Volatiles 

i 
M i u m  values represent the smallest concentration level above CSC 
Present when only one value above CSC exists 

CSC Concentration standard for comparison 

CLASS 

Inorganic 

CSC 

10 

M 

300 

50 

160,000 

PARAMETER 

Cadmium 

Chromium 

lron 

Manganese 

Sodium 

Benzene 

Ethylbenzene 

Naphthalene 

MtNIMCIM* 
CONCENTRATlON 

.-- 

53 

1 

2 

10 

MAXIMUhl 
CONCENTRATION 

13.5 

73.5 

... 

.-. 

.-. 

1,230 

..- 

1,330,MX) 

11 

15 

39 

4,930 

b2.2 

9,340,000 



APPENDIX B 

REVIEW OF STUDIES CONCERNING EFEECTS OF WELL CASING MATERIALS 
ON TRACE MEASUREHENTS OF ORGANIC COMPOUNDS 
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E V I E U  OF STlTDIES CONCERNING -EPPECTS OF WELL W I N G  HATERIAIS 
ON TRACE MEASUREMENTS OF ORGANIC COHPOUNDS 

Richard M. Dowd, President, B. M. Dowd 6 Company, 1317 P Street. 
N.W., Washington, D.C. 

- 
This report analyzes the results of laboratory and field studies 
that allow a direct experimental comparison among comonly used 
monitoring well casing materials (stainless steel, Teflon, rigid 
PVC) in terms of their potential effecta on measurements of trace 
orgaalc compounds. Each of the studies analyzed attempts to 
determine experimentally how much - if any - sorption occurs, or 
what difference8 result among measured concentrations of a series of 

q organic compounds. 

Because the compounda tested were not conaistent among all the 
studies -- although some of the same compounds were represented in 
several of them - the analysis comparea effects of the casing 
materials on sorption of different chemicals. The laborarory 
studies analyzed in this report all relate the measurements taken to 
a control, and the field investigation to measurements of the same 
trace compounda in adjacent wells constructed of different casing 
materials. 

In comparing the measured trace concentrations to determine whether 
the well casing materials cause significant differences in results, 
a ratio was formulated to reflect the relative sorption effects of 
each of the materials; sensibly constant ratios over a reasonable 
range of trace concentrations would indicate fev, or relatively 
&nor, differences between the various materials, while varying 
ratios would indicate larger differences. 

The report first reviews the methodology and results of each 
individual . investigation analyzed; these results are then compared 
across studies through the averaged ratios; and conclusions are 
dram about similarities and differences in sorption behavior. 
Additional observations about sample variation, ef f ects of well 
purging, and limited measurements of non-volatile compounds are 
noted. 

This review comparea the results of four studies that allow a direct 
experimental comparison of the potential effecta of commonly used 
well casing materials (stainless steel, Teflon, and rigid PVC) on 
measurements of trace levels of organic c ~ r n ~ o u n d a . ~ , ~ ~ ~ *  9 



Each of the fou r  s tud ie s  was designed t o  determine experimentally, 
f o r  a water so lu t ion  i n  contact with w e l l  casing materials (or  
coupons made from them), how much sorption occure, o r  what 
differences r e s u l t s  among measured concentrations,  using several  
organic compounds. The tes ted organics were not i d e n t i c a l  i n  each 
of the atudies ,  although several  compounds a r e  represented more than 
pnce. 'Ibree of these  s tudies  a r e  labora torp  experimeuta t h a t  r e l a t e  

- the  measurements t o  a control,  while the  fourth i s  a f i e l d  study 
t h a t  compares measurements of the  same t race  conceutrations on 
d i f f e ren t  casing mater ia ls  i n  wells loca ted  close together.  

If w e l l  mater ia ls  affect  t race  l e v e l  measurements s ign i f icant ly ,  
then a r a t i o n  can be formulated t o  r e f l e c t  the r e l a t i v e  sorption 
e f f e c t s  of the materials.  Such a value should be sensibly constant 
over a reasonable range of trace l e v e l  concentratioas. 

Although the exac t  procedures and t b e  organic compounds measured 
d i f f e r  among the s tudies ,  neverthelesa any auperior i ty  of aae w e l l  
casing material over another ought t o  be observable i f  the s tudies  
a r e  su f f i c i en t ly  sensi t ive.  It is possible, of course, t h a t  a t  t& 
trace  l e v e l s  measured - 100 ppb t o  20 ppb f o r  t h e  laboratory 
s tudies  and subparts  per b i l l i o n  f o r  t h e  field study - other 
sources of va r i a t ion  so oveswhela the  r e s u l t s  that no meaningful 
d i f fe rences  can be observed, and t h i s  ipformation 1s i n  i t s e l f  
useful. 

LABORATORY STUDIES 

Some preliminary observatious about the  varying lengths of the t e s t  
periods i n  t h e  laboratory s tudies  are i n  order. The Reynolds and 
GFllham etudy t e s t e d  only the e f f e c t s  on v i rg in  mater ia ls  over times 
up t o  7 days. This approach is  important i n  addressing the i n i t i a l  
e f f ec t  of a mater ia l  on t race  l e v e l  measurements and on the 
mechanism of sorpt ion.  However, this approach does not mimic ac tua l  
f i e l d  protocol, such a s  followed by Barcelona. Barceloaa g. 
show t h a t  purging is  es sen t i a l  t o  t h e  correct  operation of 
monitoring wells. 

Both the ChemUaste aud the  Radian laboratory s tudies  a l so  
incorporate a 7-day exposure period; however, beyond t h a t  they each 
add 1-hour a d  24-hour re-exposures t o  represent r e s u l t s  from both 
i n i t i a l  and much more closely ca l ibra ted  samplings. These 
d i f fe rences  should be kept i n  mind throughout t h i s  review. 

1. The Reynolds h Gillham Study. This laboratbry study compared 
e f f e c t s  of s i x  organic polymer mater ia l s  - PVC, ~ e f l o n , '  nylon, 
polypropylene, polyethylene, and l a t e x  rubber - on a se r i e s  of 
d i f f e ren t  t r ace  l e v e l  organics, ranging from 20 ppb t o  45 ppb of 
1,l.l t r ich lore thane ,  1,1,2,2 te t rachloroethane,  herachloroethane, 



bromoform, and t e t r ach lo roe thy lene .  Samples were withdrawn from 
1 exposure . a t  t imes vary ing  from 1 0  minutes t o  7 days and analyzed.  

From the published r e s u l t s ,  the r a t i o s  of t h e  concen t ra t ions  of t h e  
chemicals i n  c o n t a c t  v i t h  Teflon and PVC coupons r e s p e c t i v e l y  can be 
qa lcu la t ed  and compared f o r  t h e  f i v e  d i f f e r e n t  compounds measured. 
These r a t i o s ,  r ep resen t ing  t h e  r e l a t i v e  e f f e c t s  of e o t p t i o n  on 
v i r g i n  ma te r i a l s ,  are presented i n  Table 1. This  t a b l e  i n d i c a t e s  
t h a t ,  f o r  f o u r  of t h e  compounds measured, t h e  TeflonIPVC r a t i o n  i s  
very c l o s e  t o  1, implying l i t t l e  d i f f e r e n c e  among t h e  m a t e r i a l s '  
e f f ec t s .  The except ion  is t e t r ach lo roe thy lene ,  which showe much 
g r e a t e r  so rp t ion ,  and hence l e a s  a e n e i t i v i t y ,  f o r  Teflon. 

% Table 1 

RATIO OF CONCENTRATION HEASUBEHENTS 
OVER TIME FOR DIFFERENT COMPOUNDS 

Reynolds Study: TEFlPVC 

Average 
1 0  min. 100 min. - 7 days 

4 
1.1.1 Trichloroe thane  1.06 0.93 0.68 
1,1,2,2 Tet rachloroe thane  1.05 1.01 0.94 
Hexachloroethene 1.08 1.07 1.30 
Bromof o m  1.06 1.17 1.68 
Tet rschloroe thylene  - 0.9 - 0.46 - 0.10 

Average 1.03 0.93 0.94 

I n  general ,  t h i s  s h o w  typ ica l '  d i f f e rences  a t  the  7 d a y  time of 2 
30%. Some of t h e  chemicals a r e  de t ec t ed  more e a s i l y  wi th  PVC ( 1 , 1 , 1  
t r i ch lo roe thane ,  1 ,1 ,2 ,2  t e t r a c h l o r o e t h e r ,  t e t r ach lo roe thy lene )  and 
some more e a a i l y w i t h  Teflon (hexachlorethane, bromoform). Based on 
this study a lone ,  i t  would be d i f f i c u l t  t o  e s t a b l i s h  c l e a r  
eupe r io r i tp  of e i t h e r  Teflon o r  PVC. 

2. The ChemUaste Management Studz. This  s tudy measured e f f e c t s  of 
coupoas of s t a h l e e s  a t e e l ,  Tef lon ,  and r i g i d  PVC on s i x  organic  
compounds: methglene c h l o r i d e ,  1, 2 d ichloroe thane  , t rans-1,2 
d ichloroe thylene ,  t r i c h l o r o e t h y l e n e ,  chlorobenzene, and to luene .  
The t e s t  s o l u t l o n s  were prepared i n  t h e  same way a s  f o r  t h e  Reynolds 
s tudy;  t h e  organics  were diaaolved i n  a concent ra ted  methane 
s o l u t i o n  and then  expoaed t o  the  coupons a t  two d i l u t e d  
concent ra t ions  of 50 ppb and 100 ppb. 

Each cas ing  m a t e r i a l  was f i r s t  exposed f o r  a n  i n i t i a l  7 days 
( s i m i l a r  t o  ~ e y n o l d s )  a f t e r  which t h e  so lu t ions  from each coupon and 
con t ro l  were sampled. The coupon ma te r i a l s  were then re-exposed f o r  



TABLE 2 
CWM Report 

RATIO OF CONCENTRATION MEASUREMENTS , 

OVER TIME FOR DIFFERENT COMPOUNDS 
(50ppb nominal) 
SS/PVC 

Reexposed Initial 
Compound/Time 1 hour 24 hour 7days 
Xeth Chl 1.02 1.07 0.92 - 1,2-DCE 1.05 1.08 0.92 .. 
1,2-DCY 0.98 1.12 1.00 
~richloroethylene 1.00 1-10 1.02 
Toluene 1.05 1.13 0.88 
Chlben 1.18 1.14 0.95 

Compound/Time 1. 
Meth Chl 
1.2-DCE 
1.2-DCY 
Trichloroethylene 
Toluene 
Chlben 

TEF/PVC 
Reexposed 
hour 24 hour 
1.02 0.94 
1.03 0.94 
0.98 0.93 
1.02 0.92 
1.03 1.06 
1.00 1.19 

Initial 
7days 
0.89 
0.90 
0.76 

RATIO OF CONCEN~RATION MEASUREMENTS 
OVER TIME FOR DIFFERENT COMPOUNDS 

(100ppb nominal) 
SS/PVC 

Reexposed Initial 
Compound/Time 1 hour 24 hour 7days 
Meth Chl 1.03 0.93 1.06 
1,2-DCE 1.03 1.03 1.03 
1,2-DCY 0.96 1.04 1.13 
Trichloroethylene 1.03 1.03 1.11 
Toluene 1.05 1.03 1.07 
Chlben 1.06 1.04 1.13 

TEF/PVC 
Reexposed Initial 

Compound/Time 1 hour 24 hour 7days 
Meth Chl 0.79 0.90 1.12 
1,2-DCZ 0.81 0.92 1.14 
1,2-2CV 3.78 0.88 0.91 
~richlozoethy~ene 0.80 0.87 0.89 
To1 uene 0.79 0.90 1.01 
Chlben 0.97 0.90 1.04 



one hour and resampled. A th i rd  sampling was performed following a 
f i n a l  24-hour re-exposure. 

ReBults from the i n i t i a l  7-day conditioning period -- which mag have 
very l i t t l e  s ignif icance since groudwater sampling protocols require  
purging u e l l s  p r io r  t o  drawing samples - show tha t  PVC i s  a be t t e r  
measuring mater ia ls  12  times, while the Teflon o r  s t a i n l e s s  s t e e l  i s  
bet ter  12 tiWS-8. 

To compare the remainder of tbe r e su l t s ,  the concentrations of t h e  
other experimental exposure was used t o  calculate  ra t ios .  Table 2 
Shows the SS/WC and TEP/PVC ra t io s  f o r  the 50 ppb nominal 
concentration, an8 Table 3 shows the same calculation6 f o r  the 100 
ppb nominal concentration, for  a l l  s ix  of the tes ted chemicals. 

There a r e  not enough control samples or rep l ica tes  i n  t h i s  study. t o  
estimate the standard deviation. The best that can be done is  t o  
compare the r a t i o s .  Inspection of Tables 2 and 3 shows tha t  PVC and 
Teflon exhibi t  very similar behavior; the r a t i o a  a r e  cloee t o  1, a 
resu l t  s imilar  t o  t ha t  £tom the Reynolds study (although the l a t t e r  
shows wider var ia t ion) .  %ere the coupons vere re-exposed f o r  one 
hour, Teflon is s l i g h t l y  bet ter  (2-3%) a t  the  SO ppb nominal case  4 

f o r  four chemicals and PVC slightly better (2-37.) f o r  one chemical; 
a t  the 100 ppb nominal, PVC i s  bet ter  (20%) f o r  a l l  six chemicals. 
After 24 hours re-exposure, a t  the 50 ppb nominal PVC i s  b e t t e r  
6-873 f o r  four  chemicals and Teflon be t te r  ( 6  t o  20%) f o r  two, while 
a t  the 100 ppb nominal PVC appears about 10% be t t e r  f o r  a l l  s i x  
chemicals. 

The re-exposure samples show sta inless  s t e e l  performing be t t e r  once 
bet ter  (2-10%) tban PVC ten times and PVC performing be t t e r  once f o r  
each of the two nominal concentrations. For the 1-hour 
re-exposures, which a r e  l ike ly  to  most nearly represent a well  
monitoring protocol a f t e r  purging, only one of the r a t i o s  
(chlorobeazene for  SSIPvC) is more than 5% greater  than 1. 

Without any estimate of uncertainties,  it i s  impossible t o  know if 
the differences shown i n  tbi8  experiment (on the order of 10%) a r e  
signif icsnt .  

3. The Radian Studz. This study followed the same general protocol 
as  the ChemUaete scudy, with several s ignif icant  differences.  The 
same s i x  chemical compounds were used i n  the experiment but were 
dissolved t o  a nominal 100 ppb concentration i n  a water solut ion a s  
a car r ie r ,  instead of methanol as  for  Reynolds and ChemWaste. Tne 
exposure periods vere similar: an i n i t i a l  7 days exposure of the  
well casing coupons, followedby 1-hour and 24-hour re-exposures. 
The 7-dsy and 24-hour re-exposures were held a t  S0C,  while t he  
1-hour re-exposure Mae a t  room temperature. Table 4 shows the 



results of these analyses, with trlchloroethylene deleted since it 
was not stable. 

Table 4 also presents the results of the nine control samples, vith 
averages and standard deviations. A .  analysis of variations shoved 
that the controls vere not drawn from different populations and thus 
can.be averaged. Therefore the standard deviation gives an estimate 
of 'the variation likely to be seen in any set of measurements. 

Inspection of Table 4 shows that, for the re-exposure experiments 
for the 20 paired differences possible between concentrations (of 
PVC and Teflon, and PVC and stainless steel) with  the various 
coupoas, no difference exceeds two standard deviations, and five 
exceed one standard devlation. For the initial 7day exposure, none 
of* the differences between PVC and Teflon are greater than NO 
standard deviations. 

Bowever, the stainleas steel results are quite unusual. The 
stainless steel concentrations are more than two standard .deviatibna 
greater than the controls, as well as more than NO standard 
deviations larger than both PVC and Teflon for all of the 
chemicals. It seems likely that some contamination has entered the 
system. The stainlesa steel coupcma were used lust as received from 
the manufacturer and may have contained cutting fluids or other 
orgaaics which affected the epikfng eolutione; there was no control 
using a coupon without a mpike to check for this. In any event, it 
appears that the 7 4 a y  stainless steel concentrations are highly - suspect and should be redone. 

A8 before, the ratios (SS/PVC and TEPIPVC) can be calculated from 
these data to establish relative sorption effects between the 
various compounds. The results, presented in Table 5, are similat 
to those from the ChemWaste Management study, yielding ratios v e v  
close to 1, except for the 7day SS/PVC ones. 

Table 5 also present8 an estimated standard deviation for the 
ratios, based on the standard deviation of the control samples, 
rather than on the small number (3) of the replicates. While this 
Is dot a satisfactory statistical aaalysia, it gives an order of 
magnitude to the variations in the ratios which may be present due 
to uncertaintiee in the experiment. (A more complete statistical 
analysis will be 

The results of the re-exposure ahow that, after one hour, PvC 
appears somewhat better than both Teflon (2-10%) and stainless steel 
(10-30%); however, the difference does not appear significant, never 
exceeding two standard deviations. After 24 hours, PVC appears 
better than Teflon (0  to 6%) but not as good as stainless steel 
(8-12x1, although again neither set of differences appear8 
significant. 



H e t h  C h l  
I ,  2'-DCE 
1,2-DCY 
T o l u e n e  
C h l b e n  

n e t h  C h l  
1,2-DCE 
1,2-DCY 

I 
T o l u e n e  
C h l b e n  

Meth C h l  
1,2-DCE 
1 2-DCY 
T o l u e n e  
C h l b e n  

avg 

Meth C h l  
1,2-DCE 
1,2-DCY 
T o l u e n e  
C h l b e n  

a v g  

H e t h  C h l  
1 Z-DCE 
1.2-DCY 
T o l u e n e  
C h l b e n  

ONE HOUR 
PVC TEFLOt: 
1 2 9  1 2 7  

6  8  64 
1 0 9  1 0 0  

42  3  8  
67  60  

AVG 
S.S. CONTRLS 

1 1 9  1 2 7  
4  8  5 7  
9 6  1 0 3  
3 2  37 
55 5 8 

24  HOUR 
PVC TEFLON S.S. 
1 1 7  1 1 8  131 

53  5 1 57  
103 9 7  1 0 4  

3 4  3 4 3 8  
56  5 4  62  

7  DAY 
PVC TEFLON S. S.  
1 1 4  1 3 6  1 8 9  

A 7 56  8 2  

AVG 
1 2 7  

5 7  
1 0 3  

3 7  
5 8  

AVG 
1 2 7  

5 7 
1 0 3  

3  7 
58 

TABLE 5  - ~ - 

R a d i a n  S t u d y  
RAT10 OF CONCENTRATION MEASUREMENTS 

OVER TIME FOR DIFFERENT COMPOUNDS 
SS/PVC 

R e e x p o s e d  I n i t i a l  
1 h o u r  24 h o u r  7 d a y s  

s t d  d e v  s t d  d e v  
0 .92  0.16 1 .12  0 .19  1 .66  

Reexposed 
1 h o u r  

s t d  d e v  
0 . 9 8  0.17 
0.94 0.24 
0.92 0 . 1 1  
0 .90  0 .18  
0 . 9 0  0 .18  

TEF/PVC 
I n i t i a l  

24 h o u z  7 d a y s  
s t d  d e v  

1 . 0 1  0 . 1 8  1 . 1 9  
0.96 0 . 2 5  1 . 1 9  
0.94 0 . 1 1  1 . 0 7  
1 . 0 0  0 . 2 0  1 . 1 3  
0 . 9 6  0 . 2 0  1 . 4 0  

STD 
1 6  
1 0  

9  
5 
8 

STD 
1 6  
1 0  

9 
5 
8  

STD 
1 6  
1 0  
9 +  
5  
8  

s t d  d e v  
0 . 2 3  
0 . 4 5  
0.17 
0 . 4 5  
0 . 4 3  

st8 d e v  
0.21' 
0 . 3 1  
0 . 1 3  
0 . 2 3  
0 . 2 9  



It is difficult to conclude from this experiment that there is a 
consistent difference between staiolsss steel and PVC or Teflon and 
PVC. Based on the Radian study alone, if a well were purged and 
subsequently sampled within one hour, PVC would seem to be somevhat 
more sensitive than either stainless steel or Teflon, but not 
significantly so. Tventy-four hours after purging, the PVC is still 
sapewhat more sensitive than Teflon but less sensitive than 
gtaiulees steel - again, not significantly so. Wbile the initial 
7-day stainleae steel experiment appears flaved, Teflon ie more 
sensitive after 7 days - again, not significantly so. 
C. Barcelona's Field Experiment 

.The experiment by Michael Barcelona and John Helfrich was designed 
40 provide a comprehensive field study which tests the differences 
bemeen three different well casing materials: PVC, stainless 
steel, and ~eflon.~ The experiment has potential advantages over 
the lab studies in that it investigates the detection of chemicals 
actually lo the groundwater at two different contaminated sites.. 

At each site there were six wells, with one each of the three 
different caeing materials in a cluster upgradient and one each of 
the three material8 clustered domgradient of the site. Each of the 
wells at a given cluster was installed within two meters of the 
other two, thereby attempting to aseure that each cluster was 
sampling the same groundwater. 

Each site was sampled monthly, six times starting in :day and 
extending through October. At each of the sites, samples were taken 
prior to purging the stagnant water.'] The wells were purged until 
parameters such as pE stabilized, and then samples were taken for an 
extensive list of groundwater parameters that included pH, 
conductivity, temperature, alkalinity, and total iron, and for a 
series of organic compounds that included total nonvolatile organic 
compounds (NVOC) , methylene chloride, 1 ,l-dichloroethane (1 ,l-DCE), 
cie-1,2 dichloroethylene (c-1, 2-Dm), trichloroethylene, 1,l.l TCE, 
and chlorobenzene. 

The largest concentratioas of total volatile halocarbons were 
detected at Site 2 don-gradient st a few part8 per billion. 
However, the concentrations are so low that, in many cases, clear 
differences between conceatrations at the different wells cannot be 
ueen. 

As Barcelona points out in the paper, there were problems at Site 1 
vith apparent grout contamination at both up- and down-gradient 
wells. This was a factor in the abnormally large pH levels seen in 
five out of the six welle at this site. The only well which 
apparently did not have high pH levels was the down-gradient PVC 
well. Such grout contamination obviously is of concern if it could 



affect the measurement of organic constituents, since thoee are 
crucial to the determination of sorption effects. A fairly simple 
correlation of total NVOC vlth the pH values for the stainless ateel 
and Teflon wells at Site 1 suggests that there may be a direct 
relationehip between pH and the non-volatile organic compounds. The 
correlation coefficient was 0.5, with a possibility of 6%. 
berefore, in reviewing the Site 1 data, the problems uith pH must 
be kept in mind, since it is zpparent that grout contamination 
occurred and the NVOC values may be affected as vell. The wells at 
Site 2 apparently were constructed in such a way that there vas no 
grout contamination, and the purged pH was as expected. 

,Uith respect to well casing material, no definitive concluaiona can 
$be drawn because the well casing effect is confounded with spatial 
variability and, at Site 1, with grout contamination. Each type of 
well casing is used only once for each experimental sampling. Aa a 
result, the differences aeen could be a result of either well casing 
or spatial differences. A so-called mixed model analysis may be 
used to help disentangle the effects. 

Prior to that, however, the data can be inspected to observe if any 
consistent differences across sites are apparent. 

Table 6 shows the,reeulte of ratios calculated, as Mfore, for 
SSlPVC and TEP/PVC for each chemical measured and a group of NVOC 
chemicals and Total Volatile Halocarbons (TPOC) for Sites 1 and 2 
up- and down-gradient. 

Aa can be seen, there are no consistent results indicating that PVC 
is inferior to the other tvo materials. For example, for NVOC at 
Site 1 down-gradient (with grout contamination) stainlesa steel and 
Teflon have superior detection capability, but at Site 1 
up-gradient, here all wells have grout contamination, PVC is 
superior. Since, presumably, the differences ehould be the same, it 
is lilrely either spatial variability or grout contamination cause 
such a large variation. 

If, therefore, attention ia focused on Site 2 vbere volatile 
organics were detected, it can be aeen that PVC is consistently 
superior to both Teflon and stainless steel, except for the 
non-volatiles. These values, hovever, have a significant variation 
and only the measurements for 1,l DCE suggest that PVC is 
sigaificantly (mote than two standard deviations) superior to 
Stainless steel and Teflon. 

Indeed, the combination of time series data, the fired spatial 
distances, and the material differences may allow a determination of 
errors due to spatial variability, vhich seem likely to be larger 
than those due to the analytical variability. 



NVOC 
Heth-Chl. . . 
Nvoc 
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NVOC 
Meth.Ch1. 

NVOC 
Neth-Chl. 
TVOC 
I ~ D C E + ~ U T C E  
llDCE 
ClZDCY 

average 

TA&LE 6 
Barcelona et. al. 

Ratio of Groundwater Measurements 
for Tuo Wells 
SS/PVC 

Ratio ST0 Ratio STD 
Site 1 down Site 1 up 

1.83 0.66 0.80 0.40 
1.98 0.95 4.25 5.65 

Site 2 down Site 2 up 
1.11 0.35 3.85 6.36 
0.90 0.44 0.91 0.39 
0.61 0.24 
'0.70 0.39 
0.43 0.16 
0.63 0.22 

Ratio STD Ratio STD 
Site 1 down Site 1 up 

1.52 0.69 0.92 0.47 
1.35 0.92 1.46 1.49 

1 

Site 2 down Site 2 up 
0.89 0.31 12.99 10.35 
0.80 0.31 0.98 0.59 
0.43 0.16 
0.58 0.12 
0.62 0.13 
0.72 0.17 

Table 7 

COMPARISON OF SPECIFIC VOLATILE CHEMICALS 
BETWEEN LABORATORY AND FIELD STUDIES 

RATIOS OF CONCENTRATION MEASUREMENTS 

Radian CWM - Ch'M - Barcelona 

0.71 1,2 DCE 1.03 1.05 0.70 + .39* 
c 1,2 DCY 0.88 0.96 0.98 0.63 .22 

1 , 2  DCE 0.94 0.81 1.03 0.58 + .12' 
c 1 , 2  DCY 0 . 9 2  0.78 0.98 0.72 - .17 

* 1,2 DCE 6 1,1,1 TCE 

6-38 



D. Comparison of Results 

In comparing the different studies, this review has analyzed the 
ratios of SS/PVC and TEFIPVC derived from the erperiments to assess 
 beth her one material is consistently better than another in 
measuring compounds common to the experiments. Table 7 compares 1,2 
DCE and cic-1,2 DCY, two compounds measured (at l-hour re-exposures) 
in the ChemUaste, Radian and Barcelona experiments (two laboratory 
and one field experiment). The results are generally consistent. 
although the Barcelona experiment euggests that PVC is somewhat 
better than is suggested by the Radian or ChemVaste studiee. This 
implies that PVC would detect concentrations of the chemicals more 
*efficiently than would the other two materials. 

'A second way to compare the study results ie to average all of the 
chemicals in each of the experiments. Obviously, it is necessary to 
be very careful about averaging different chemical compounds with 
different sorption behaviors. But, since it is generally not knovn 
which compounds are likely to be in groundwater, averaging the 
ratlos indicates what effects might occur with an unknown compound 
or suite of compounds in a groundwater aituation. Table 8 shows 
average ratios for SS/P?C and TEF/PVC for two categories for the, 
four studies reviewed. It assumes that the laboratory l-hour 
re-expoaures are roughly comparable to the Barcelona field 
experiment when the well is purged and that the 7day exposures for 
Reynolds, ChemWaste and Udian are roughly comparable to the 
Barcelona field experiment when samples are taken uder stagnant 
c~nditiona.~ If the average for the l-hour re-exposure is 
considered for both SS/PVC and TEFJPVC, the ratios are determined by 
all four experiments are very similar. 

There is somewhat more variation when looking at the 7day stagnant 
situation for stainless steel and PVC. One reason for this ;nay be 
the possibility of contamlnacion in the Radian 7-day stainless steel 
experiment. 

E. Conclusion 

Based on this review of the existing studies, several conclusions 
are possible relating to the effects of vell casing materials on the 
measurement of organic compounds, to apparent sample variations that 
occur in an actual measurement situation, and to judging the 
efficacy of various well materials. 

o These four experiments suggest that, when groundwater is purged 
from a vell, there are no consistent differences between the 
effects of stainless steel and PVC on volatile organic compound 
measurements. The laboratory erperiments also show no 
significant differences between Teflon and PVC. In the field - 
experiment, there is a smll difference that may be signtficant, 



.' T a b l e  8 

RATIO OF WELL CASING MATERIAL MEASUREMENTS 
( a v e r a g e  of a l l  v o l a t i l e  o r g a n i c  compounds,  l a b o r a t o r y  6 f i e l d  tests) 

1 h r .  SWPVC 
Rad ian  E! C W M  - Reyno lds  B a r c e l o n a  

r e - e x p o s u r e  0.82 1 .03  1.05 - 0.93' ( 1 , 2  
( p u r g e d )  

1 h r .  TEF/PVC 
r e-exposure 0.93 0.83 1 .01  - 0.81' (1 ,21  

( p u r g e d )  

7 d a y  SS/PVC 1.64+ 1 .09  0.95 - 0.46" ( 2 )  
( s t a g n a n t )  

7 d a y  TEF/PVC 1.16 1.02 0.82 0.94 0.63** ( 2 )  
( s t a g n a n t )  

Pu rged ;  numbers  i n d i c a t e  sites 
** S t a g n a n t  waters; number ( 2 )  i n d i c a t e s  s i t e  2 
+ P o s s i b l e  c o n t a m i n a t i o n  o f  t h e  SS v a l u e s  



shoving that PVC may be more sensitive; if further work confirms 
this, PVC would detect volatile organics better than Teflon. If 
stagnant water ie sampled, the comparison between studies is not 

;so clear. Non-volatile chemicals, tested only in the Barcelona 
study, also do not show a significant difference across sites for 
any of the three casing materials. 

The effects of well materials on measurements of trace organic 
compounds need to be disentangled from sample variability. This 
variability may contribute an error larger then any error from 
analytical variability. Further investigation could shed light 
on whether this is an artifact of this particular field study - 
which aeems unlikely - or is consistent at other waste sites. 
It aeems clear that, in order to judge tne efficacy of various 
well materials, comparisons must be made in the context of no&l 
experimental variation. lf it is to be judged that well material 
A has a different sorption than well material B, the difference 
in concentrations (reflecting dffferent absorption behadors) 
between them must be greater than the normal variation in the 
sample themselves. Further experiments could determine whether ' 
effects associated with the well easing material are larger than 
the 15% to 25% sample variation that aeems likely. 

Finally, a conservative position at the present may be to allow a 
choice of aay of these three vell casing materials: Teflon, 
stainless steel and PVC, at this time, excluding PVC could result in 
less detection of organic compounds. 

FOOTNOTES 

l~eynolds and Gillham, "Absorption of Halogenated Organic 
Compounds by Polymer Materials Commonly Used in Groundwater 
Monitors." Proceedings, Second [I9851 Canadian-American Conference 
on Hydrogeolou, B a d ,  Alberta, 1986, pp. 125-132. 

2~hemwaste Management. Inc., "Absorption of Organics by 
Monitoring Well Construction Materials," unpublished technical note. 

3~arceloaa, Michael J. and John A. Belfrich. "Well Construction 
and Purging Effects on Ground-xater Samples," Environmental Science 
& Technology, Vol. 20, No. 11. 1179-84. 

4~ykes, McAllister and Homolya. "Sorption of Organics by 
Monitoring Well ConSt~ctiOn Xaterids." Radian Corporation (to be 
published). 

5The review does not include a separate paper by Barcelona et al. - - 
that reported an investigation of the relationship betveen Teflon 
tubing and PVC tubing because, as Barcelona indicated, flexible PVC 



t u b i x  d i f f e r s  from r i g i d  PVC pipe, and the  sorp t ion  behavior i s  
l i k e l y  t o  d i f f e r  g res t ly .  

6The Teflon w e l l  a t  S i t e  2 was ac tua l ly  a Teflon/aluminum oxide 
dedicated sampler. 

- ' h l i th  regard t o  well purging, Barceloua concluded t h a t  the  
experiment shovs t h a t  purging is e s s e n t i a l  i n  o rder  t o  e l imina te  
apurioua r e s u l t s  from stagnant r a t e r .  The investigatLoa provides a 
usefu l  da ta  base f o r  studying the necessi ty  of purging. 

b e  s tagnant  conditioaa a r e  noc exact ly  the  same, s i nce  t he  
Barcelona experiment a l l m d  30 days exposure t o  the w e l l  cas ing 
rgaterials, while the Laboratory experiments had only 7 days; i n  
addi t ion,  t he  Barcelona casings were not v i r g i n  mater ia l s .  
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Sorption of Organics by 
Mon.itoring Well Construction 
Materials 
by A . L  Sykes. R A .  McAllisrer 
ond J.B. Homolya 

lnhoduciion 
InsAugust of 1985, the Environmental P r o m o n  

Agency released a draft guidance document titled 
*RCRA Groundwater Monitoring Technical Enforce- 
ment Guidana Manual," which was intended to help 
£PA and state enforanent officials dccide whether spc- 
cific elements of an ownerloperator's ground water mon- 
itoringsystem satisfy the RCRA requirements. The guid- 
a n a  document states that polycetrafluoroethylene or 
Type 316 stainless a a l  arc the materials of choice as 
screen or casing in new well installations w h m  volatile 
organics arc the parameters of interat. S i n a  no guidana 
was provided on appropriate use of casing material at the 
time the RCRA regulations were promulgated, most 
operaton installed PVC casing in both the original and 
subsqucnt monitoringsystems because this material had 
been used for years in the water well industry, is readily 
available, and u fairly inexpensive. 

The EPA has cited a number of reasons why PVC is 
not an acceptable material for well wwtruction. These 
indude: 

Pounual for casing attack and fatigue by exposure 
to high conantrations of a n a i n  organic compounds 

Dtsorption of plasticizers and additives from the 
well casing to otherwise uncontaminated ground watcr 
(false positive) 

Sorption of organic compounds into the well cas- 
ing exposed to contaminated ground water (false nega- 
tive). 

Sorption was cited as the major problem in the gui- 
dance document, s ina  thc possibility of a false negative 
is of prime concern to the EPA and other regulatory 
agencies. 

In August of 1985. Waste Management Inc. (Jarkc 
1986) wnduncd a preliminary mearch program designed 
ar a practical and realistic evaluation of the potential for 
sorption to occur for PVC and other materials of con- 
srruction cxpened in monitoring wells. This study war 
designed to address the potential for sorption of prc- 
viously exposed casing surfaces. Proper monitoring weU 
sampling protocols require that the stagnant waler (in 
equilibrium with thecasing) be pumped from a weU prior 

, to sampling. Thc recharge of formauon watcr would i 

thcn be representative of the ambient organic concentra- 
tion and would be in contact with the saturated surface of 
the well casing for a period of between one and 24 hours 
before sampling. Therefom, a series of experiments wen 
conducted to investigate the potential of exposed casing 
materials to further sorption by recharge of the well. 
Results of those experiments demonstrated that for all 
materials exposed for both the one and 24 hour cases, the 
net sorption was nominally zero. Thesemults. however. 
were only preliminary because the study was limited to a 
small number of exposm samples, making a statistical 
interpretation of the data impossible. + 

The major technical question resulting from WMl's 
preliminary mearch program was the use of methanol as 
a means of dissolving sorbatn of interest into water for 
maurial exposure studies. S i n a  the final level of mnha- 
no1 in water was significantly greater than thcsorbates. it 
is possible that the exposed material surfaces became 
saturated withamono-layer of methanol, preventingany 
sorption of other organics. Radian's studies were designed 
toaddress the criticisms of the WMl work. Coll~quemly. 
methanol was not used as a vehicle for introducing sor- 
ba ta  to the water matrix. Each component was spiked 
directly into pure wacer. Also. cachexperiment wasdone 
in mplicate with full quality assurana and control 
proadures followed throughout. 

Technical Approach 
Well Material Coupom: All marcrialz were obtained 

from Brainard-Kilman Drill Co. (Stone Mountain, 
Georgia). The PVC was 'TriLoc Monitor Pipe." 2-inch 
(5lmm) I.D. by 2%-inch(60mm) O.D. Thestainlesssteel 
was 'Annco Weldedl-inch Type 3 16." 2%-inch (56mm) 
I.D. by 2%-inch (60mm) O.D. The polyretrafluorocthy- 
lene(virgin PTFE) was 2l/s-inch (52mm) I.D. by 2%-inch 
(60mm) O.D. Allcoupons were cut to a length of 53mm. 
which produced a surface area of 100cm2 per coupon. 
Each coupon was thcn cut once lengthwise to allow 
placement into a 237 rnL jar. The tube edges were not 
considered to be a factor in this study. 

Exposure Jars: The cxposure jars were 'Quorpak 
Clear with TFE-Lined" screw caps 237 mL capacity 
( a n d  260 mL with no head space). Thesc jars were 
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obtained from Fisher Scientific. catalog #03-230-7D. All 
jar cap liners were covered with foil to eliminate possible 
jar liner effms. 

Solvenix All solvcnu were purcha~d as chromatog- 
raphy grade and were used without funhcr purif~cation. 
A stock spiking solution containing methylene chloride 
(MeC12). 1,2dichlorocthane (1.2-DCE), trans-1.2di- 
chloroethylene (DCEE), toluene andchlorobenrtne at a 
concentration of 10 ppm each was prepared in distilled/ 
deignued watcr. A second spikingsolution was prepared 
comaiGng 0.5 ppm trichloroethylene (TCEE) in di- 
tilled/deionized Water. This separate spike was prepared 
because of TCEES much lower solubility in water (1.1 
ppm) than the other compounds. 

Water: Distilled/deionizedcarbonfiltered waterwas 
used. 

Trocedure 
Preparation of Class Jan: The glass jars and lids 

were each cleaned with soap and water followed by 
distilledldeionized water rinse. Eachjar and lid was then 
dried at 100 C. 

Solution Stability Studies: Prior to the material 
exposure studies, the 10 ppm and 0.5 ppm spiking solu- 
tions wereevaluated forstability and thesuitability ofthe 
t a t  protocol design. Six 260 mL jars with foil-lined caps 
were filled (without head spaa )  with aliquots of the 
spiking solutions and pure water to yield approximately 
100 ppb of each component. An additional six jars were 
f i e d  with pure water and represented water blanks for 
thc study. Aftera one-hour period. an aliquot from each 
jar was transferred to a Volatile Organic Analysis (VOA) 
vial (pol~udluoroethylene-lined cap) and stored in a 
refrigerator at 5 C for a sevenday period. At the end of 
the seven days, the original stock-spiking solution was 
used to prepan a 100 ppb component solution mixture 
which was then aliquoted to 2 VOA vials for analysis. 
Additional VOA aliquots were taken from the original 
260 mL jars and used for analysis. On day nine, all VOA 
vialsamples were again analyzed and compared to freshly 
prepared spiked water. Originally, these exposuns were 
to be at two kvels, 10 ppb and 100 ppb, but due to the 
unacceptable variance of compound recoveria from the 
spiked water at 10 ppb, only the 100 ppb level was used 
for the exposures. 

Well Material Coupon Exposure Studies: Well mate- 
rial coupons were placed in foil.covcrcd glass jars and 
filled with spiked water solution so that no head space 
remained. The water solutions were spiked at levels to 
yield component concentrations between 90 and I50 
ppb. The jars were stored at 5 C in a refrigerator for 
seven days and agitated daily. After the sevenday condi- 
tioning period. ,an aliquot was pipetted into a 40 mL 
VOA vial with zero head space for analysis. A second 
aliquot was also pipetted into a 40 mL vial and stored at 
5 C as a preserved sample. The remaining solution in the 
jar was discarded. The jars. with the original coupons. 
were then refilled with organic-spiked water of the same 
concentration as in thc scvenday conditioning period. 
After a contact time of one hour, aliquots were again 

takenfor analysis and pmenation. The jars wckrcfacd 
with organicapiked water again for a contan time of 24 
houn. after which a third aliquot was taken for analysis. 
Conuolsamplcs,consisting ofspikcd water with no well 
material coupons were carried through the entire proce- 
dure. Blank samples. consisting of pure, unspikcd water 
and no coupons were carricd through as welL 

Sample Analysis 
The qalytical procedure followed was EPA Method 

602 (EPA 1984), which uses gas chrornatomphy with 
flame ionization detection. The proadure incorporates a 
purge and trap technique to concentrate the volatile 
organics from water samples. The instrument used was a 
Varian 3700, and the datasystem was a Varian Vita402. 
The column was 1.3m x 2mm, stainless aeel, packed with 
I perant SP-1000 on Carbopack B 60180 mesh The 
temperature of the oven was initially at 45 C for t h m  
minutes. then programmed to 200 Cat I5 C per minute. 
The nitrogen camer gas was set at 30 mL per minute 
through the column and 40 mL per minute through the 
Tekmar LCS-I Purge and Trap. Each sample anal@ 
was vansfemd to a 5  mLgas tight syringequipped with 
a sample valve. Ten microliters of a thnc-wmponen~ 
internal standard mix (I5 ng/pL) was added to each 
sample through the syringe to produa a conantration 
of 30 ppb. The three internalstandards &re bromochlo- 
romnhane, I-chloro-2-bromopropane and 1.4-dichloro- 
butane. 

One exposure level for each compound was studied. 
These ranged between 87 and 150 ppb. The concentra- 
tions varied because the same mass of each compound 
was used to prepare the stock-spiking solution of each 
compound. The density was then used to calculate exact 
conuntntions. 

The following is a l i t  of eachcompound studied and 
the concentration level prepared in the exposurc medium: 

methylene chloride 133 ppb 
I ,2dichloroethane 126 
trans-lJdichloroethylenc 128 
trichloroethylene 147 
toluene 87 
chlorobenze 110 

Calibration and Quality Control 
The calibration procedure used for the volatile 

organic analysis was the external standard technique, 
with internal standards added to each aandard and sam- 
ple for quality control of the analysis. A calibration Curve 
was constructed by preparing three concentration kvek 
of eachcompound at approximately 10 ppb, 50 ppb and 
100 ppb levels. A system blank of pure water was used as 
a zero point on the curve. A stock solution was prepared 
from the pure materials in chromatography grade metha- 
nol by accurately measuring microliter ponions into a 
known volume. The concentration of each component 
Was then calculated based on its density (mg/&. The 
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worhngstandards wen p r c p a d  fresh each day by dilu- 
tion of the stock into pure waur. The thra-point N N c  
was prepared i~t ia l ly  at the beginning of the stability 
study and again at the beginning of the exposum study. 
Linear regrcsion equations were calculalcd for each 
cwc. then plotted for visual apccment with linearity. 
Subsequently, only the 100 ppb standard was used to 
ensure that the calibration cum was within the EPA 
pro~ocol of ClO perant CV (pcrant coefficient of vaiia- 
tion). The linear regression plos are shown in Figun 1. 
In addition, t h m  internal standards were used to verify 
system control. Each 5 mL sampleand standard rcaivcd 
10 pL of the thrcc-component mix (I5 pg/mL), which 
was equivalent to 30 pg/L (ppb), immediately before 
analysis. figure 2 is a plot of the internal standards with 
thecalculated percent CVs. 'Ibis data show that through- 
out the study the percznt CVs w m  5 pcrccnt, which, 
accor8mgto EPA Method 602<10 pcrant is acapcable. 
The mean conantration of all the blanks analyzed during 
the exposure study shows that methylencchloride was 13 
ppb; 1.2-DCEwas 3 ppb; DCEE andTCEE wen 2 ppb; 
and toluene and chlorobenzcnc wen 1 ppb. 

Results and Discussion 
Results of Stabiity Study 

The objective of the stability study was to evaluate 
each compound for recovery variab'ity excluding well- 
caring material sorption cffcns. Analysrs of duplime 
samples determined p d s i o n ;  and andysu at day one, 
day seven and day nine de te rmid  the potential storage 
cffecu. Analysis of water blanks also determined back- 
ground contamination due to the glass jars, Linm and 
storage. The stabiity study also established a xcftrcnu 
for evaluating analytical precision and quality control of 

lnjectim Number 

MeCl2 12-DCE DCEE TCEE Toluene GI-benz 

Day 1 Day 7 Day 9 Blank 

Fitwe 3. Subility of voL[ile org8nia in 5 degree C. r s t a  for nine &p 
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F i y  4. SClndvd *of wt bour LUupo~ expasum n. 
mnfmlr 

the method. 
The results of the nability audy show that for the 

compounds studied. there is some variability. Thisvaria- 
bility seems to be associated with the solubility of urch 
compound in watcr. Figure 3 graphically displays the 
rcsults for each compound at day one, day seven, and day 
nine. and a blank wa tu  sample. 

Results of Materkl Exposure Study 
The objectives of the mated exposurestudy wen to 

determine if there Were signScant differenm in corn- 
pound sorption between PVC polytevanuorocthylene, 
and stainless steel weII-casing materials when exposed to 
volatile organic hydrocarbons in a sirnulared "well" 
environment. Thelaboratory experiments were designed 
to simulate acnral conditions of sampling ground wafer 
containing approximarely 100 ppb of hydrocarbons 
normally found incontaminated waters. In addition the 
experiments were designed to determine adsorption or 
dcsorption e f f a  of these materials when exposed to 
these compounds -time. It is neaJsary to deurmine if 
false positive or false negative rcrults bias the actual 
concentrations of the samples. The study did not, how- 
ever, determine if the materials rrlcaxd compounds into 
non-concaminatcd wafer. 

Thercsults of the materialexposure study arc shown 
in figures 4 and 5. Ni control samples were analyzed 
for each compound studied. These nine controls wen 
averaged and a standard deviation obtained. The thrcc 
replicate values for each compound for each type of 
material studied were also averaged. Figurn 4 and 5 
represent the effect ofsorption at one hour and 24 hours. 
respectively, for the six compounds on the rhm casing 
materials. AU rcsult5 are approximately one standard 
deviation of the mean for all compounds and all casing 
materials. A more rigorous analysis of these dam will be 
periormcd at a later daze. 

The resuits of these experiments show that statisti- 
cally, the= is no significant diffcrcncc between PVC, 
polytecrafluorocrh~le~~. and 316 stainless steel WCII casing 

Rgurt 5. Sluuhrd deviation of24hour coupon cxporms n. 
rrmrnh 

--  -~ 

materials when exposed to approximately 100 ppb con- 
taminated water for seven days and 5 C, then exposed 
for one hour, and then for 24 h o w .  
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APPENDIX D 

WELL CONSTRUCTION AND PURGING EFFECTS ON 
GROUND-WATER SAWLES 



I 
;wes t  rankings are for some benzoic acid, aniline. and 
i+enol derivatives; of Course. if some other criteria were 
i'ed. the ranking might have been somehow different, but 
!)mbhly no1 tm much. For example, the ranking obtained 
!hy using Freitag and cn-worker's chlorohenzene data and 
!!he ranking using Ribo and Kaiser's data are very similar. 
;\\'hen a new chemical is developed and its properties are 
)known. i t  can be easily ranked and compared with other 
known chemicals or  any arbitrary standards. The avail- 
ahilily nf tile program in microcomputer form make the 
m u h e  n~~pl ice l~i l i ty  easy. 

A iinol cw\mcnL: the development of a suitnl~le index 
for environmental risk has been widely discussed in Ll~e 

iliterature (3. 4, 12). An index is a suitable scalar function 
! d the vectnr distance components with the best chemicals 
!having the lowest index. Since an index is a scalar quan- 
jlity, prohlems concerned with the  noncomparability of 
:chemicals cannot arise since the  chemicals can always be 
ranked and represented as  a chain in a Hasse diagram. 
~nfo r t&a(e l~ ,  the choice of a particular index affects the 
results (7). 

A s i r n ~ l e  e x a m ~ l e  can clarify the previous armments: 
Ler ~ ' a ' n d  C" h; the  vector h i s t ank  compon;nts of a 
rhemiml C and let F = C'+ 1C"he the chosen index. The . 
chemical C2 previously cunsidered has the components 
= 2 and C'; = 3; thus, F2 = 2 + 2 X .? = 8. Analogously, 
lor t h e  chemical C3. C'$ = 3. C"3 = 2. and F, = 3 + 2 X 
? = 7. An F ,  < FZ, the  chemical C3 would he considered 
d r r  tllun C2. Ct~nveracly, if the index were I; = 2(" + 
C", then (i2 < G3 and C2 would have to be conaidered aaler 
than C,. The conclusions are oppasite to each other. They 
depend only on the index chosen. As a consequence. every 
ume the definition of a n  index cannot be firmly grounded 
on a theoretical hnsii the resulta can he completely hissed. 
and the  index hecomes b i n d  toward a subjective mennlng. 
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Well Construction and Purghg Effects on Ground-Water Samples 

Mlchael J. Barcelona' and John A. Hellrlch 

Water Survey Dlvision, Illinois Depanment of Energy and Natural Resources. Champaign. Illinois 61820-7407 

w Multiple well installations of selecled casing materials 
1i.e.. polyltetrafluoroethylenei (PTFE). 304 stainless s l e l  
( S I .  an4 mlv(vinv1 chloride) IPVCII were cnnstructed and 
sam1,led io &ermine if well pu&g and construction 
procedures would significantly hias chemical constituent 
determinations in ground water. Water qualrty results 
from six monthly sampling dates indicate tha t  proper 
purging of stagnant water from monitoring wells and iso- 
lation of cement seals are essential for the collection of 
representative chemical data. Significant differences in 
purged samples taken from PTFE. SS, or PVC wells were 
observed for t o ~ l  organic carbon and volatde halocarhns, 
which may be linked to the  materials' intetaction with 
ground water. T h e  well casing interferences were not 
predic tahl~  high or low for any ol the materials. 

Inlrnduclion 

The effect.? of well cunstruction procedures and sampling 
protocols on the reliability of ground-water chemistry in- 
vestigations have been the sublect of anumber of research 
efforrs in the past I D  years. T h e  ~ u b l ~ s h e d  literature has 

dealt mainly with the potential error introduced hy water 
sampling or analysis (1-3) and by the selection of rnateriab 
that are appropriate for specific monitoring applications 
(4,5).  A recent ( ~ d ~ l i c u l i u n  details p r u c e d ~ ~ r e r  by which 
ground-water s u ~ n p l i n ~  ~ r r r , ~ ~ z u l a  lnuy 11e drvelul~rd 111 
cwnlrol aynlrmatic sources u1sumpIe cdlection (6). These 
errors. include artifacts uf well siting or  cmslruction, well 
purging, and sample retrieval fnrm the  well: In general. 
sample collection errors cannot be accounted for by trw 
ditional laboratory quality control measures. Also, large 
sampling errors coupled with analytical errors or similar 
severity can result in the cnllectim of grossly-hiased dam. 

Recent work h u  shuwn tllut ~ r ~ t e ~ ~ t i a l  sarn(~ling hius due 
Ln both uln~pling mrclno~iisnls o11d llexil~le tdrinfi maleriais 
is of the same urder o I ' ~ n ~ g n i l ~ i , l e  (i.e.. t5-'?ll%l as unw 
Iytical errcm fur v&tile t ~ r ~ u n i c  cnmpn~rwls 17. 8). 'I'liese 
results support the ,wed t",r very cureli~l cmsiduretion i r l '  

Vulstilizotiun, scxpticrr~, and desr,rl)tion eflecls in the se- 
lection u i  sam11Ii11g l > i ~ m l ~ s  a~ tulrictK j w  ~ r < n t l ~ d , w ~ l e r  
investigations. 

The  effects of drilling fluids, grouts, or well casing in- 
teractions with the geologic formation or ground water are 
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more difficult to evaluate for a number of reasons. 
Foremost among these reasons is that naturol variability 
in Eround-water quality has not heen studied ill detail. 
~ h o .  there have been no systematic field studies reported 
on rhe effects of well purging or  casing materials on o r ~ a n i c  
compound levels in ground water where inert mnterials 
llave lwen used ns n l t rn la .  Hirc~gl~lrm nncl F b r ~ e r  (9) hnve 
relwrted signiiicnnt differences in groc~nd-water diwdved 
organic carbon and trace metal levels in samples from 
slainles&eel and thermoplastic well casing maleriols. The 
observed differences were of the order of analytical bias 
(i.e., f lO-60%). Laboratory investigations may help in 
evaluating sources of sampling imprecision or bias; how- 
ever, systematic field studies are needed to evaluate the 
n c t u ~ l  severity of such errorn. The unique detail9 of well 
construction, completion. development. a n d  the  in si tu 
genchcmicnl condilicms for an actunl gru~~nd.wnter mnn- 
ilnring inst.nlIaLic~n mny ~ I I I I ~ I I C C  ur i i~u i t  t11c p i ~ h t i n l  
d f e v l y d  mnlerinls or mwhanisms LlmL have I m n  olwrved 
in controlled laboratory testing (10). 

171i study was undertaken to mmpare the effect8 of well 
purging and well construction materials on the reliability 
of determinations of inorganic and organic chemical con- 
stituents in ground water a t  two nanilarv landfill sites in 
east-central Illinois. Due to the fact t ha t  the  materials' 
related errors have been documented for ferrous metal well 
casing materials other than stainless steel, these materials 
were not considered in the study (51. Similarly, no  solvent 
cemeliln. nonthreaderl joints. or unnrmmon materials were 
employed in well construction. 

Procedures 
S i t e  I h c r i p t i o n s  a n d  Well Conntruction. The  two 

R5-ltX1-acre sites had Iwen ni~erated a n  tnunicipol In~ld- 
fills/durnps for nt least 16 yearn. Hnuseholcl trash, some 
light indl~qtrial wastes, and other refuse made up the e5-10 
million Ions of waste e n ~ p l a c d  a t  each uite prior (o c\cmre. 
Satnldi~~l:  installntiona were coi~qtrucled in Mny l8R:i with 
hullow-stem auger (10-in 0.d.. Gin. id.) drilling techniques. 
All drilling equipment, well casings or acreens. split-spmn 
samplers and steel tapes, etc. were steam-cleaned hefore 
they were uned to minimize the i~~trnducl inn OF r o r e i ~ n  
iuaterials i n h  the subsurface. (~eulogica~odil ions nt  lxhh 
sites were characterized as till deposits Ke.. clayey silt with 
trace of f w  to coarse nand) from below the s& topsoil 
to depths of 6-8 m (20-25 it). Sand or sand and gravel 
lenses were ohserved in split-spoon samples of the till 
deposits a t  depths between 8 and 14 m (25-45 ft). AU wells 
were 2 in. in o.d. and were completed nt  the depth where 
substantial (X1.5 i t )  snnd nr snnd/~ravel  lenses were oh- 
served (see Table I). Wells were placed within 2 m of each 
other a t  each location to minimize the potential effects of 
horizontal jnhomogeneities in the formations A C  (.he com- 
pletion depths. At si te 1, upgradient and duwngradient 
wplls of ~~~~ ly ( te t re f lu~~nwt I i y I e~ ie )  (I"I'Fl?.'l'eflnn~. slninlem 
steel (SS). rind ply(v.i;il~?l cl~loridel (I'VC) wwe con- 
s t rwted.  At site 2, stainless alee1 nuil I1VC wcblls were 
completed at upgradient m ~ d  dnwngradient Incati*mn. and 
n 'Teflon/Al oxide, gas-drive dedicated sampler c i k c a d )  
was i~!rlnll&d i l l  plnce g ~ f  n PTFE t ' l ' ~ f l n ~ ~ )  well. : i l  yells 
were completed with 2-lt screens R I ~  packed will) I \I tnwa 
silica s n ~ ~ d  from the l~r>ttom ol  the w r e e ~ i ~ d  i~tler ,  I I,) nt 
least 1 i t  above the top or  tile scree)) a1 site I .  
slurry seals of 2-5 h were placed in the bore Iwle ,r,ve 
111e snnd pnck of the site 1 u~ells. 'I'lle slurry mix I.. ,sled 
or l .T,:I .O niixlllres ily wei~.hL d lhe 9ilii:n ml willl 
Chern-Curnp I1 shrinkage-comoenqalix~~ cemeut ' I  wells 
were finished by backfilling the bore holes to 4-6 from 
the  surface with silica sand, and a ceme~lt surrace ' wns 

Table I. Field installations Uarr 

d e ~ ~ t h  rd screrlld 
inlervnl lhelua 

location marerial' land surtace). II 

lite 1 
(upgradient) 

rile 1 
(downgradient) 

site 2 
(upgradient) 

PVC 36.fm8.5 
sLsinlo. steel (304) 34.5-36.5 
W F E  35.5-37.5 
PVC 25.5-27.5 

slainleea steel (300  26.0-24Sl 
PT?E 2fi.C-28.0 
PVC 32.544.5 
a u i n l e ~  steel (304) 32.0-31.0 
gaadrive narnpler 30.75-32 

(Teflon/Al oxide) 
PVC 40.5-12.5 
alainlesr aleel (3041 40.5-42.5 
gaa-drive ~ m p l e  41.25-42.5 

('I'eflonlhl oxide) 

MaLFrinlm annl in the itudy were er fdlt,un: IJV(:, ricid p d v -  
(vinyl chloride) schedule 40 NSF approved fur polallle water urn: 
SS. 304 atsinlu. .@I: WFE. poly(tetrafluoroethylenel (ITFEI 
(Teflon. Du Pontl. 

then  laced toseal the bore hole from iurface water influx 
At  site 2, the native sand or sand/gravel heaved up ahove 
the  screened interval from 6 to 15 ft. These installations 
were completed by placing a cement seal from the top nl 
- the  heaving material to the  land surface. 

T h e  wells a t  both locations were developed within a 
week of the construction date by use of l i lyred,  com- 
pressed air (170 d m )  and procedures described previouslv 
(3). The  weUs at site 2 did not require further development 
work. Althoueh the wells a t  site 1 were redeveloped 01 ~ ~ - 
intervals fur a pericd of 12-15 months, turbid warir s aw 
ples were encountered on all sampling dates due l r ~  lllc 
presence of cement fines. 

Well P u r g i n g  snd Sampling. Hydraulic cr~nductivily 
testing was done on all of the wells a t  each l u c a t i ~ ~ ~ ~  111 

establish their hydraulic performance. The  well purging 
requirements n& to&late stagnant water in the well 
bore were determined bv a previously published rnethml 
(6). Positive-dinplacemek 1;lndder p " i [ ~ s  cnnstructe~l 01 
stainless steel and WIPE with IYI'FE delivery Lubing werr 
utilized for well purging and ssmpling operations WED 
Well Wirard). The pumps were driven by a single con- 
troller through a gas manifold, which permitted s sim111. 
taneous supply of drive gas (air or N2) to each pump. 
Pump intakes were set a t  the top of the screened inlerval 
for both purging and sampling operations. 

The  experimental design included the measuremen1 d 
the well purging parameters [pH. Ell. temperature, n l d  
conductivity ( W ) ]  by use of an  in-line f low- th rwl~  
electrode cell prior t o  well purging. Stagnant water 
then collected for NO;, 9-, Fez+, total organic carlwll 
('roc), alkalinity, and selected vijlntile organic n~mlvllltlll~ 
Afler c$ection of these samplm, the outl)t~(s of the lallnlr 
were reconnected Lo the manifold of a flow-!hrW?I~ elf+ 
trode cell to monitor the progress of purging the ' v ~ I 1 '  
simultaneously. Pumping rates during well,p;rain'J "."' 
cnntrolled between 500 and IOOO rnL.mln. . and I t '  

l~urging was continued until the levels n f  the well llllrel''r 
lmrflrneter stehilized to within apprnximatelv *lo"/* nvl'r 

n m i ~ ~ i m u m  014-5 L pumped (-25% of I well V I I I I I I I I I ~ ' :  
All adjacent wells were purged of nn equal vldlllnr '" 
stagnant water hefore snrnpling. The  vdumr  h l rml l ' l i  
1111 site hydrolngic conditions and ~neasurerl Ilwlr:tltllc 
mnductivitiea. Once well purging was completed. 1 ~ ~ 1 1 ~ l l ' i " C  

rates were reduced to 100-500 mL.mineL, and s a m ~ l e , ~ P r ~  
taken for the following parameters in order: alkdllW5 



Diaaolvrd t'erruus Iron. myL".  Site 2 i8/6/851 
~ u ~ ~ ~ r a d i r k a i  

PVC 11.03 0.18 81.15 +S 
SS ll.il'P 0.25 0.25 +I2 

downgmdicllt 
PVC 0.04 4.57 4.53 . +I13 
SS 1.23 4.:17 3.14 +?A 

llissolved Sulfide. mg-L-'. Site 1 (7/9/851 
tul,grodient 

PVC 0.048 0.242 0.194 +4 
SS 0.01v 0.012 0.W2 +1.2 
P'rFE 0.031 0.172 0,141 +4.5 

'Method detection limit = 0.02 mg.L-' (accuracy 90% (-10% 
m.1. preciswn f 15% nd]. 'Melhod devcrion limit = 0.010 m y  
I. '  lnccurauy 8090 I-2U% bias). ~mcision M0% mdl. 

TOC, volatile organic compounds. dissolved inorganic 
,~mstituenta, nud acid and l~aae/neutral organic com- 

.... ~. ~ ~ 

rdvolati le organic corkpound samples were collected in 
to-mL glass vials. sealed without head space by PTFE- 
lined septum caps. 

Analytical  Methodologies a n d  Qual i ty  Control .  
Organic and inorganic chemical constituenta were deter- 
mined by USEPA-recommended methods (11.12). Total 
organic carbon (TOC) determinations were performed hy 
a methodology described previously (13). Field determi. 
nations of alkalinity were performed by potentiometric 
tiuntion. and the resulta were analyzed by Gran end-point 
annlvsis procedures. O n  each snmpling dale, a series of 
held standards a n d  blanks were used to account for ~- ~ 

!ransport and storage ermrs. which supplemented the daily 
analvtical nrocedure control standards far both laboraton, -~ ~~, ~~ ~ - ~ .  - ~ - 

and lield methods. Replicate samples were analyzed 2 
ii~tervalr during analytical sessions to establish the  pre- 
cision and accurucy of the water chemistry data. 

Ilrxults nnd Discussion 
Well Purging.  Stagnant water samples analyzed for 

IIH, dkalinity, reduced inorgmlic constituenta ISL-, Fe(l1)l. 
and organic co~rstituents showed higher temporal (i.e., 
month to month) variability than did the samples obtained 
after pruper well purging. In most cases, well purging 
r n i h r l  in the stnhilimtinn of the qovs sol~rtion chemistry 
psrnmetcrs (i.e., pH,  I&, WL, nlkalinily) n l l l ~ o ~ ~ g h  the 
rr)ncentrations stiifted in varying degrees. For example, 
nt site 2, ulkalinity levels in slsgnnnt water samples were 
g u ~ ~ e r n l l ~  -25% lower t l ~ n n  ~ h s e  mearured in wuter 
auu~plcs nller llurfiing. 'I'hc nverage mugnilude or lhe 
olkelinity differences between samples from SS or PVC 
wells was not significantly different over the course o f t  
rtudy. '& 

In general, the levels of reduced chemical cnnstituents 
[i.e., Fe(lI), 51-1 shown in Table I1 would be expected to 
he lower in the stagnant water in monitoring wells than 
itr water oh~nined from the formation oiler pt~rcing. 
'I'lke actual concentrntion differences 01)served between 
stagnant and purged samples reflected this trend. How- 
ever, the magnitude of the  differences was quite variable 
slid may have been influenced by well casing materials and 
smnll.scale heterogeneities in water quality, even in wells 

111s~ s a l i t l i~l1~11 i l l  the w n e  i~~rnlnl inn less l l~un  5-it 
ullurr. I I  ~ l~~wngrucl icr~t  welly el IIIBLII sites, the sIng11on1 
wolrr 4 .  I I I I  h e  SS well f r e q ~ ~ e n ~ l y  (i.e.. fimr nfsix se~nplillg 
{latext i8,wucl itigher levels offkrnrus ircrn nncl krwer levels 
I .  vrd aullirle than tllose i n m  the adjacent I'V(! or.  
I I ells. 'I'his would be cuusistent with leaching UP 
inm II..,II Ille s l ~ i r ~ l r ~ s  #Led and prcci(~iUtinn of sullide 
Ijy l l ~ c  excess i r w  during stngnant periods. Ol~viously. 
PVC awl YrFE wnuld not Ix expected (o leach iron in thia 
fashion. I.:xample r e sd t s  lor ferrous iron given in 'l'uble 
I1 shuw stngnnnt water values t'rum PVC and SS welk that 
were significantly different a t  least o t  the reducing 
downgradient location. Upon purging, however, ferrous 
iron values in sample8 from both upgradient and down- 
gradient Iwntir~os increased substantially, and the fnr- 
mat im water values l'ron~ 1~11th sets of  PVC and SS wells 
were equal within experimental error. I t  would seem From 
theve ol~servations thnt either PVC cr SS well casing wuuld 
be appropriate for ferrous iron dskrminations if purging 
is complete. Typical results for dissolved sulfide, au  e r -  
ampla of which is s l a~wn in the lower portiun of TuMe 11, 
refled somewhat random changes m purging. l'lreae 
 change^ d o  nut  cmsistenlly correspond t o  potential well 
a s i n $  ef fecu or tire introduction of mure reducing for- 
ma t iw  wuler. l<uLher, il seems tluil vnriuldily well n l w e  
11\11 ~ l d c d i t n ~  limit. w d  n ~ i ~ ~ l v l i ~ ~ ~ l  p r tx . . i h~  I Y I I ~  m111t I'rtw 
yahlrul i~rtrnrgenril ics in water c l~e~n i s t ry  fur sume 
chemical wnstituenta. These average chemical differences 
in reduced species between stagnant water samples and 
those obtained after  purging were frequently a t a c h  of 
5 greater than the errora involved in either the  sampling 
or analyticnl p r d u r e s .  Also, purging-related variations 
in TOC were t,l~serverl tn  incrense or  decrease hy f 50% 
in all wells over the  rnnge uf 1.20-:10.0 mg "l C.1;'. No 
consistent trends in TOC as  a iunclion of purging could 
be associated with the different casing materials. Purging 
a pnrticulnr well a t  either site frequently resulted in g r a t e r  
dilfrrenws in w s ~ e r  qnality t l~uu  wus ol~served I~alwecn 
upgradieut u l d  downgrudient locutions. I~n l~ roper  
well purging can obviously cause ggmss bias in ground-water 
monitoring results that  far exceeds that due to materials'a 
effects or sampling mechanisms. 

Cemcnt G r o u t  Contamination. Despite the fact that  
all the drilling and well co~npletiun o(rera1ions were held 
constant, tile wells a t  site I exhibited signil'icanc water 
quality differer~ces in lmL11 sln#nunt U I I ~  fwmution wuter 
snm[~lrs thnt  cunrld 11111 Oe u t t r i l ~ u t ~ d  tu well purging ur 
casing muteriale. Fur example, upgradient and duwngra- 
dient wells a t  si te I. with the exception of the downgra- 
dient PVC well, exhibited pH values in excess c ~ f  12 pH 
mils ,  and the  alkalinity wsx primnrily ussmiuted with 
hydruxyl iuu. 'I'lra c l o w ~ ~ g m d i e ~ ~ t  I'V(: well yieiciell p r -  
~utlCi~n L ~ ( L I I I ~ I ~ ~ J  with ~ r l i  V I I ~ I I ~ Y  l ~ t w e e n  7 und 8 pH wi- 
(mostly hicarl~onnte alkalinity), nnd the stagnant wuler 
vnlrlea rnngal irmn H In I2 11Fi writs. 

Ancc~latlal rel'crel~~:es I,) jwmilrtri~~g well t : z ) ~ ~ l i ~ ~ n i ~ ~ t t l i # l ~ ~  
by cement grouts have Ixen rel~urted (1 -1 ) .  T h e  usual 
symptom that has been ubserved is very high solution pH 
(i.e., 10-12 pH units), even after exhaustive well ?evrl6111- 
ment. 111 this study B tillel oI' I2 sampling insltlllat~rr~~s was 
constructed, and the bore holes were sealed a h w e  the 
screen and gravel p c k ,  as well as a t  the surl'ace with a 
sand/sl~rinkage-co~n~,c~~~a~i~~~ cement nlixlure. 'I'lle grrlllr 
*ea$ were inrrwl~rcad o~ tl~iol< durries intu s u ~ o d i l ~ g  w~llrr  
in the bore hole alter the well had i~een c r ~ ~ ~ s ~ r u c t e d .  

At site 1, either native geochemical cmditions or dii- 
ferential settling of the cement mixture   re vented the 
grout seals from setting up properly. The wells a t  this site 
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Tabla 111. Comparison of Groumd.Watar Quality snd 
GroutlWnter Mixture Anmlytical Results 

contaminated 
pround water groutcontaminated 
(field aita 1, water 
upgradisnt)' (laboratory). 

major species 
pH, pH units 
altalinilv (OH-). 

.Vnleu otherwk wuified, unit. are mgL-'. 

mmiatently showed high pH, alkalinity (>90% hydroxyl 
or  eauatic). SP, and Caw with the  exception of the 
downgradient PVC well, which ahowed only alightly ele- 
vated levels of caustic alkalinity. The  apparent cement 
contamination problem persisted more than 18 months 
after construction. despite a t  least 10 redevelopment at-  
tempts. The insrallatione a t  site 2 did not .how any evi- 
dence of cement contamination, a l thou~h several early pH 
measurements of formation water exceeded the long-term 
mean of -7.4 pH units. 

T h e  cause of thii peraietent contamination wan inves- 
tigated by careful analysis of a number of cement/ 
aand/water mixtures prepared in the laboratory from the 
same materids used in well construction. T h e  data in 
Table 111 show the mmparison of average solution chem- 
istry results from an upgradient well and the aqueous 
phase of groutjwater mixtures prepared in the laboratory. 
Clearly, the major ionic species identified in the grout- 
contaminated ground water are represented in the labo- 
ratory grout/water mixture aqueous phase. The alkalinity, 
conductance, and the calcium values in the ground-water 
samples were all approximately one-fifth their respective 
levels in the laboratory sample. Attempk to calculate an 
ion balance on the h i i s  of OH-as the majar anion resulted 
in ion balances that seldom agreed to better than 40%. 
There was always an apparent excess negative charge in 
solution. The possibility of a polymeric or gel phase (e.g.. 
polysilicates) that might interfere with the analytical data 
or confute the dissolved ion charge balance was examined 
by NaHCOl digestion of the aqueous samples prior to 
analysis (15). It was verified that no unusual forms of silica 
or  common alkali or alkaline earth cations were present 
that might cause gross errors in the alkalinity titrations 
or wet-chemical a~~alyt ical  methods. Therefore. the 
grout-contamination prbblem remains an enigma, although' 
it should be obvious that aroutine materials can drasticallv 
effect the reliaLilily of $round-water cl~emiatry dola f i r  
long periods alter well construction. 

The cement grouts should have been placed either after 
water had been removed lrom the well bore or by tremte 
pipe. Also. the sand pack could have been isolated from 
the cement grout by a bentonite aeal. 

Well Casing Material Effects. Apart from the dif- 
ferences noted above (Tables I1 and 111) in the etagnent 
water samples, no ~OnsiStent effeck on the inorvnnic 
chernical constituent data from the two sites were -d 

that might be attributed to well casing material exposure 
alone. Total Fe and Mn concentrations were not signifi- 
cantly different in aamples from the SS wells es cornpard 
to those from the PVC or PTFF, wells. These observations 
contrast with the elevated metal Levele reported hy 
Houghton and Berger on results lrom a single sampling 
event (9). The  divergent results from this study reflect 
the influence of actual site conditions, temporal variability, 
and weU purging practices on the type and relative severity 
of sampling and well construction related errors. 

At the downgradient locations, all of the installations 
showed the effects of apparent landfill leachate contam. 
ination he.. elevated CI', Na+, Kf, specific conductance. 
and TOC). The observed lev& of TOC or specific organic 
compounds, however, did not ~rov ide  evidence d malor 
organic (i.e., volatiles, base-neutrals, and phenols) con- 
tamination of these locations. 

The observed levels of the nonvolatile fraction of TOC 
(i.e., NVOC) in ground water [rom the upgradient and 
downgradient wells a t  site 1 d t e r  purging are  lotted in 

Figure l a  ss a function of time during the summer and fall 
of 1984. The  upgradient samples from each type of well 
showed negligible differences from the mean TOC of -3  
mg of GL". The downgradient location, however, gen- 
erdly showed higher levels of TOC in samples from the 
stainless steel and Teflon wells than did samples from the 
PVC well. .On four of the six sampling datea, the positive 
differences were significant a t  the 0.05 confidence level. 
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npuo 2. Levels 01 l.ld(chbr~a~la'ne (llDCE) and dS-1.2d1ChlOr~thy~na (CWDCY)&~L-I) In ~ w n d  water at rnes 1 and 2. l h r 3  s r ra  bars 
ndicale two standard devlalionr from the m a n  01 trlpucals determnawns. Dele~liMl MI = 0.08 and 0.10 rr9.L'. resPeClh'dV. 

The TOC results at site 2 showed a similar pattern; how- 
ever, the differences in samples fmm the individual well 
-sing materials were not statistically significant when 
compared to the analytical and sampling errors. 

A t  site I ,  levels of 1.1-dichloroethane (11DCEI and 
<,is-1.2-dichlorwthylene (cl2DCY) after purging also were 
higher generally in the samples from the downgradient 
Teflon and stainless steel wells than in those from the PVC 
well (Figure 2a.c). The  error bars on the figure represent 
two standard deviations from the  mean determined by 
analysis of replicate samples and standards. In these cases, 
the 'stainless steel" results were significantly higher (at  
the 0.05 levell than either the  Teflon or the PVC data. 
These concentration levels are all quite low hut in the  
range of quantilation of the  purge and trap analyticsl 
methodology. Therefore. systematic differences in ~ b -  
served trace organic compound distributions may arlse 
from the sorptive effects of  polymeric well casings as 
compared to stainless steel. The  samples from, the dif- 
lerently cased wells a t  site 1 showed more net d~fference 
in pur~eable  organic compounds than any singie well 
slwwed over the study period. 

Overall, the levels of 1.1-dichloroethane a t  site 2 (Figure 
2h.d) were 10 times ahove the  levels measured a t  site 1. 
lo contrast with the other results. Levels of purgeahle or- 

i n  from the I'VC well were collsiutently 
higher than those in samples from either the stainless steel 
well or h e  gasdrive sampler. It is unlikely that  the paired 
wells intercepted ground wale? of different mi. 

cntconstituent quality, as they were finished only -1 m 
( 4  ftl apart. Yet, the PVC and stainless steel results for 
LlDCE diffei 11y a factor of 2. This is more than 10 times 
greater than the precision established for analytical de- 
terminations of these compounds. This order of marerl- 
als-related effect could result in systemalic under- [lr ov- 
erestimates o f the  exrent o l  g round-wa~r  contamination, 
under some conditions. This type of error cannot be ac- 
counted for in statistical comparisons of data-from up- 
gradient and dawngradient locations unless an  'inert" 
artifact-free well casing material can he identified. 

The  t,lrrervations noted lor site 2 above are also sup- 
ported i ~ y  the levels 111 toLal volatile halocarbr~n* in the 
PVC and stainless steel wells bebre  and after purgiljg: 
With the exception 01' the Septemher 25 aampling date. 
the stagnant levels oI.vt~lntile Italocarlw~~s from the I'VC 
well are nearly a factor of 2 or more greater than those 
from the stainless steel installation (see Table LV). o n  
the average, the PVC well yielded samples with higher tuUl 
levels of vnlutile halocarbor~s than did the  stainless steel 
well. It mny he tha t  under these conditions ihe sorpllve 
and leaching pnlpertics of PVC tend to maintain a higher 
l~nckgruu~d  level O I ' M ~ O I J ~ C  w n t p u ~ d s  ill grt1u11d wd#ler 
exposed to tllis material relarive to stainless steel. 

Concllcsirms 
The purging g>I.stagnant water irc)m monitoring wells 

is esrential ln the co)lection of reliable ground-water,q~~nlit~ 
d a h .  In this study, the uariations in water c h e r n ~ r w  un 
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Tnblc IV. Tolsl Volnlile Ilnlocnrbon* 1,cvela in Sile 2 
Wella, pl(.LA1 

tthsne. trichloroerhane. trichlorathvlenc. lelrachluroelhsne. and 
terrarhlorocthylcnr after mdivldual srparalm an0 quanttlalnon 
by gm chrumatogrsphy w l h  HECD dcucllcm 

x 
well purRlng were generally greater than  errors associated 
with either sampling mechanism, tubing, o r  apparen t  well 
casing mater ial  effects. 

Cement  grout seala, which for one reason o r  another  do 
n o t  properly s e t  u p  in  the  hore hole, can  m u s e  severe, 
persistent coutaminntinn of bo th  s w n n n t  nnd lorrnatic~n 
water  frnm monitoring wells. Determinntinns c ~ l  di.~scllved 
inorganic chemical corts t i tuer i~s a r e  affected by cement  
contamination, which significantly changes the hackgmund 
solution comooaition. 

Well  casing materials exerted aignificnl~l. t h o u g l ~  UII- 

predictable, effecls o n  t h e  resulla of l a t a l  organic ca rbon  
and apecific volatile organic compound determinations. 
Synlematic differences r a n ~ i n g  from n factor of 2 t o  6 in 
c o ~ ~ r e r ~ l r n l i o n  w r e  c~ l~qervnl  lwlwern R R I I I O I ~ S  tnkett n l k r  
r~ure ine  frnm wells m . 4  will, dilferc111 ninterinlr. 'I'laweh 
ihe'differences were n o t  consistently higher or lower frdm 
si te  lu site. materials' performance may limit t h e  conelu- 
s i o w  t h a t  may be drawn from ground-water quality resulla 
i n  t h e  low p p b  (rrg.L-9 range. 

We t l ~ m k  Mark Sievers, &I &rake. hjike O'Hearn, nnd 
J i m  Gibb  for their help with vnriolls aspects of the  project. 
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Leaching of Metal Pollutants From Four Well Casings 
Used for Ground-water Monitoring 

r ALAN D. HEWTI' 

Ground-water monitoring requires the i n s t a h  
tion of conduits to transfer water to the surface for 
collection. Four commonly used well casings are 
made from 2-in (5-ern) diameter polyvinylchlc- 
ride IWC), stainless steel 304 (SS 3041, stainless 
steel 316 (SS 316) and polytetranuoroethylene 
(PTFE) pipes. Representative sampling of ground 
water requiresthat materials employedin the satu- 
rated zone do not influence the concentration of 
d y t e s  of interes: 

Only a few studies have reported the influence 
of well-casing materials on the concentrations of 
inorganic rubstances in ground water during wa- 
ter quality analyses Several studies have demon- 
strated that these mat& (staides steel, PVC 
and PTFE) wb appredable quantities of ceTain 
ionic species (Ei3rholz et al 1%5, M i  1982, 
Hewitt 1989). Evidence alra exists showing that 
metals are released into ground water from stain- 
less steel and W C  pipes Moughton and Berger 
1984, & U C ~ ~ O M  and Helfrich 1986. Hemtt 1989). 
The release of metal analyta by stainless steel has 
been assodated with i s  corrosion. which in some 
instances has been observed to produce a hydrous 
iron precipitate (Barcelona and Helfrich 1986. 
Hewitt 1989). 

Recently, a laboratory experiment was conducted 
testing the effectsof ground-watercompositionon 
the well casings cited above (Hewitt 1989). In this 
experiment two concentrations of met& (As, Cd. 
G and Pb), pH and total organic carbon were 
introduced as ground-watersolution variables. Xe- 
sula of this experiment indicated that Pm was 
inert to the variables, whereas both PVC and stain- 
less steel well casings were affeaed. These two 
matenals leached and sorbed some of the met& 

introduced into the ground water. In addition. 
several stainless steel casing sections azveloped 
surface oxidation, which inhoduced a random 
source of variation by providing release mecha- 
nisms and active sites for soptlon. W C  was a iow- 
level source forCd and provided saptionsites for 
Pb. Stainless steel316 wasalow-level source for Cd 
and provided sorption sites for As. Cr and Pb. 
Stainless steel 3 4  was a h  a low-level source for 
Cd and provided sorption sites for As and Pb. The 
extent of the sorption or release of metals were 
ohen influenced by the solution variables. Thk 
study concluded that the stainless steel casings 
were the least suitable for monitoring the metals 
studied (As, Cd, G and Pb) in the ground water 
solut io~.  

A concurrent study done at CRREI. (Parker et 
aL, in press) looked. at ground-water solutions 
spiked with organic compounds ex@ to the 
same four weUcasings.Inconmst to the results for 
metals, eight (ds and hans-12-didrlome :":lr&e, 
m-niaotoluene, trichlomethylene, chlorobenzene. 
e.p and m-dichloroberuene) of the ten organic 
compounds studied wrbed more quickly and to a 
greater extent onto PTFE than PVC and did not 
sorbonto thestainlesssteelsThesame~esulbvrere 
obtained when the ground water was west& with 
2.0 g NaCl/L to test for e f f m  of ionic strength. 
These findings support the earlier work of Rey- 
nolds and Gillham (1985) who obsemed rapid 
sorption of tetrachloroethylene by l l T E  weU cas- 
ing. Theysuggested thatmFE is the least desirable 
materialfora weUcashgwhenorganiccompo~nds 
are monitored in ground water. 

The results of these two went  CRREL scudis 
(Hewin 1989, Parker et &.in press) and mpporting 
evidence in Lhe Literature led to the suggestion that 
W C  may be the best ~om~romise~nong  these four 



well casings for monitoring ground water for both 
inorganic and organic analytes (Parker et aL 1988). 

The objective of this study is to uamine metal 
leaching characteristia of these four well-casing 
materials in ground water. Leaching studies that 
compare these four well casings have not been 
reported in the Literature.Theresulh of this experi- 
ment will determine which casings are the most or 
the least susceptible to leaching the metals. The 
analytes analyzed included all of the metals on the 
Environmental Protection Agency's priority pol- 
lutant list, along with copper. 

MATERIALS AND MrZHODS 

Materials 
The W C  and stainless steel well Qsings were 

obtained from Johnson Well Scrm and the PEE 
was obtained from htTP, hi All wdl casings were 
spedfically manufactured for ground-water moni- 
toring. The casings all had apprmimately a 5-an 
inner-wall diameter and were cut in lengths of 
approximately 2 an The exkt length of the rings 
depended on the wall thicknas and diameter of 
the pipe because we wanted ha maintain a constant 
surface area of 80 an1. cu t  surfacescornposed 17% 
of tho m a  for the FIE and WC welt Qdngs a d  
9% for the stainless steels. 

Precaution5 were taken during pipe milling to 
p m ~ t  exponve to grease. dirt oil and solvenk, 
and to avoid excessive hading, & milling. the 
individual ~UQsingringswaerimedwith ddon- 
ized water (Millipore, Type 11 and air dried before 
W i g  placed into the ground-water-fiud sample 
containen. During rinsing we made no attempt to 
remove surface discoloration or ink on the pipes: 
we used them as we had rmivcd' them from the 
manutacturer.This limited deaningwas consistent 
with commonly employed field prorocok* The 
well-asing sections were handled with plastic 
gloves and nylon forceps iafte~ milling. Two sec- 
tionr of the SS 316 pipe were not wd because 
excessive surface rust had form& In general the 
stainless steel weU casings appeared to have devel- 
oped morenut during the 9-monthstorage period 
than they had when first obtained. AU experimen- 
tal work was performed in class 100 deanrooms. 

Polypropylene jars (69 mm od x 62 mm height, 
125 mL.Mode1 61BEE37,'IhomSdentific)served 
as the sample containers. The jan weresoaked in a 
Im v/v conctnaated. redistilled HNO, (G. Fred- 

rick Smith IGFSI) deionized water solution, then 
rinsed with and soaked for several days in deion- 
ized waterpriorto w. Other materials.such as the 
75mLsamplealiquot bottles(polyethylene.Nagle), 
pipette tips (EppendorO, and the 2-L glass bottles 
(reagentgradeHN0, bottles,Baker). werecleaned 
similarly. 

Test design 
Tesh for the release of metals from PVC, m, 

SS SS 316 well casings were done in hip& 
a t e  by exposing mans of each to ground water 
for periods of 1,520 and 40 days. Three sample 
containers with no well casings served as conuols 
for each of the exposure periods. The contair\= 
with and without well casings were filled with 98 
mL 06 ground water collected from a 76-mdeep 
domesticwellsystem in Weatherfield, Vermont; M) 

rontainers, 12 with a single section of each of the 
fourwellQsingt~didates(12~4) and 12 controls;, 
madeup the experimental sample setup. The well- 
casingrings were submerged in the ground-water- 
filled sample containers creating a pi urface- P" '~a-to-aqueourvolumeratioof 082cm /an3.~his 
experimental design provides a surface-area-to- 
solution rstio similar to that of wed casings in 
gmundwater monitoring w e b  below the satu- 
ratedmne, hwever, the ratio is much lower than 
that which exisa for well screens. 

Sampleswerepreparedby tansferring weighed 
amounkofgluund water intoeach jar from asingle 
2-L gksE bode. The jars were selected randomly 
for the experiment h u s e  the gmund wates was 
Eiuuponed in three separate 2-L glass bottles. The 
pH and conductivity of the ground water from al l  
of the bottles was 7.8 and 240 x lo-' mho/an, re- 
specti.ve1y.Ground watercollected from thissource 
pFwiornly showed similar pH and conductivity 
l e e s  dewitt 1989). While the well casings were 
exposed to the ground water, the jars were sealed 
witha~apandstotedintheddat24~C After the 
well-casing sections had been removed from the 
jarsat theend of each timeinterval.2mLof concen- 
bated HNO, (GFSI wasadded totheground water 
to bring the pH below 1.0.Shrdies haveshown that 
addiliation below pH 15 is effecb've in preventing 
the loss of hace metals from nahual waten (Sub- 
ramanianet aL 1978).The acidified, ground-water- 
filled jars were recapped, hand-swirled for 10 set- 

onds, then left at rest for at least Rho- kfore  We 
transferred a 5 - d  aliquot to a 75mL sample vial 
(polyethylene, Nagle) for the subsequent dete-- 
nation of ~ g .  As, Ba, ~ d .  Cu, G, Pb and Se 

The entire e m e n d  sehrp was dupbat* 
for the analyst of Hg, except that we d e t e h *  



He, immediately after the ground-water-filled jar 
w& addified. 

- 

In a preliminary experiment. ground water 
stored in the polypropylene jars was spiked with 
Cd. Crand Pb toseeif sorption of metals ions on the 
jarwallswouldinterferewith the test results.These 
metal ions, added to the ground water and stored 
for 6 days in the sample jars, were recovered upon 
addication (Table 1 ).Thedesorptionof metalions 
from container walls has been reported by Choaet 
al. (1968). Forthis preliminary test.S.COpg/LofCd. 
G a n d  Pbwasallowed tosit inground-water-filled 
jan (100 mL) for 6 days. Then we added 2 mL of 
concentrated HNO, (GFS), hand swirled the solu- 
tion for 10 seconds, and removed a 5-mL aliquot A 
second 5-mL aliquot was removed 72 hours later. 
following the same procedure. The resultsin Table 
1 show that anaverageof954iof theaqueousmetal 
was recovered immediately after acidification, and 
aliquoaremoved3 days latershowed only 2% (not 
significant at the 95% confidence level) additional 
a ~ l y t e  recovery. Thus the metals either remained 
in the laboratory ground-water solution or were 
desorbed from the jar walls quiddy upon addilk- 
tion 

Table 1. Recovery of Cd, Cr and Pb (4.90 
from ground wrtustored in the sample jan m d  
allowed lo equilibrate for 6 days before being 
acidaed with 2 mL of concentrated HNO,. 

AridiCcdtion .mid 
Lu than 10 minuts 72 hours 

Anmum Amount 

Analysis 
Silver, arsenic, barium, cadmium, copper, duo- 

mium and lead were determined by Graphite Fur- 
nace Atomic Absorption (GFA.4) using a P e r k -  
Elmer (PE) model 403 Atomic Absorption S p w  
photometer (AAS) coupled with a PE model ZZM) 
heated graphite atomizer. Insrnrmental procedures 

followed the general guidelines provided in the 
manufacturels instrument manual (Perkin-Elmer 
19811. Hand injections of either 20, 50 or 1W pL 
were employed for the analytes mentioned above. 
For the determination of Se. a matrix mdifier- 
0.015 mg Pd and 0.01 mg Mg(N0,) -was added 
so that the charring temperature couh be mix-d to 
1200'C. Of this group. only As and Se determina- 
tions required deuterium background conection 

Mercurywasdeterminedby Coldvapor Atomic 
Absorption (mAA1. Weemployed a 4BmL ali- 
quot for the Hg determinations. following a modi- 
fied Hatchand Ott (1968) procedure. Aliquot5 of 48 
mL of ground water were reduced with 2 mL of 
IO%v/v stannous chloride and then sparged with 
Hg-hee air.The reduced Hg vapor passed through 
a Mg(U04)2 water vapor trap into an optical cell 
designed to enhance detection CTuncel and Ato- 
man 1980). The optical cell was positioned in the 
light path of the PE model 403 M. 

Mercurywasdetermined thesameday that well 
casings were removed from ground-water-filled 
jan tolimit volatilizationofHgfromsolution(Coyne 
and Collins 1972. Lo and Wai 1975) and to avoid 
vapor contamination associated with storage in 
poly containen (Cragin 1979). All of the other 
met& were determined within 2 reeks after the 
last exposwe period. 

Analysis procedures were designed to achieve 
detection limits of 1% or less of the present domes- 
tic water quality levels set by the EPA (Table 2). 
Selenium, determined by graphite furnace, was the 
only metal with a detectionlimit slightly above this 
level Cable 21. Method D e t d o n  Limits (MDL) 
were established following the ~rocedure outiined 
in the Federal Register (1984) for the analpis of a 

Table 2 EPA interim primary 
drinking water quality Levels 
(1983) m d  the method delec- 
tion limits: (MDL). 

EPA pi* 
drinking a n  

I& MDL 
Mcfal (P8/U ( P S / ~  

Ar M 0 4  
8. laX, 24 
Cd 10 0.059 
Cu 1003 43 
Cr M 0.16 
Pb Y) 0.11 



1 Conmrl PTFE W C  SUa( 55316 1 Conml FTFE 55316 55304 wc . - 4 5  6.0 7.1 7.7 0.16 035 0.90 1.14 246 
LSD- 1.41 RSD= 1.451 

5 FTFE Conml PVC WO( 55316 5 Conml FTFE SU16 SyO( PVC 
5 3  5.8 U 7.8 9.9 011 0-27 1-27 155 223 

Mu. 211 N D - 1 3 , )  -. - - 

20 PTFE Control W C  SUa( S 1 6  M Conml Pm 55316 WC SyM 
55  5.9 6 . 1 3  113 0.14 03 lm I.% % 

(LSD - ZI) ND- Zdol 

1 Conad PIlE W C  SyO( SS16 1 W C  5530( bnml PET 55316 
010 022 123 Id0  6JX 9.4 103 11.9 111 35.8 

W 9261 0-m- 1- . 
5 b n b o l  FIFE 'WC W 1 6  S00( 5 FIFE W C  Conml 5YOI -16 

02D 0 9  1.12 I J 9  3% 7d 9.9 10.1 11.0 426 
Cw-lUll N O  I 124) 

40 k b o l  PIFE WC S316 ajoI (0 W C  PTFE s304 Coned 55316 
011 011 1.11 7 5 3  113 4.4 5 1  115 140 8U 

ND-1.041 (LSD - 1 7 0  

sample in a given solution The MDL estimate 
require tha! a minimum of seven replicate deter- 
minations be madeof an analyteconcenuation that 
is one to five times the estimated detection levd 
The MDL is obtained by multiplying the standard 
deviation of the replicate measurements by the 
approptiate onesided t-statistic curresponding to 
n-1 degrees offreedomat thehe%mnfidenreleveL 
Each sample aliquot with a determined analyte 

concentrationabovetheMDLwasanalyzedat least 
twice. Analyte concentrations were based on the 
avenge peak heights horn a strip chart recording. 

Aqueous calibration standards for A& As, Cd, 
G, Cu, Fb, Hg and Se were prepared by diluting 
lW3-mg/t certified atomic absorption stock solu- 
tions (Ma Sdentific Corp.). A Ba stock standard 
was made by dissolving a weighed amount of 

BaUJO ) (Baker, Reagent Grade) m deionized 
water. hhdngstandards were preparedindeion- 
ired water aadified to 2% v /v  with HNO, (GF). 

Calibrations were established by detemunrng 
three different mncenmtion standards in kipli- 
cateStandardswererandomly introduced through- 
out the course of sample analysis, and all of the 
calibration w e s  were linear over the concentra- 
tion range examined. To see if the intercepts were 
significantly different from zero, we compared the 
residuals for the models with an intercept and for 
the models with tero intercept using the F-ratio at 
the 95% confidence level. M y t e  concentrdtions 
in thesamples and controls were determined based 
on the dope and intercept only if the intercept was 
deemed significant. CXenvk. a zemintercept 
linear model was employed. 



To assess leachingo[met& from thesur fac~  of 
the four well-casing materials, an analpis of vari- 
ance (ANOVA) was performed on those metals 
(Ba. G, Cu and Pb) that had been consistently 
found above theestablished MDLfor the fourwell- 
casing materials and the control If a significant 
difference wasdetected by the ANOVA among the 
average analyte concentrations in the ground wa- 
ter for a given material, then a Least-Significant- 

-'Difference (ED) analysis was performed. 80th 
analvses (ANOVA and LSD) used the 95% confi- 
denie level. The results of these analyses estab- 
lished which well casings contributed particular 
analytes to the ground water over and above thme 
conhibuted by other well casings or the control for 
the different exposure periods (Table 3). In addi- 
tion the aqueous metal concentrations that exceed 
1% of the EPA drinking water quality level were 
identified. 'Ti-& low-level warning aiterion was 
chosensince thisstudy did not alwaysestabkhthe 
nativelevels present in the ground water. Thus, the 
contribution of metals from the well casings could 
range fromoneormoreorders of magnitudeabove 
the background concentrations. 

Barium 
The analysis of the l d a y  ex- samples 

showed that all of the ground-water-filled vessels 
containing pipe sections had a q u a  Ba concen- 
trations that were significantiy greater than that of 
the control. however, all of the values w m  low 
mable 3a). The subsequent exponvc pen& do 
not follow this pattern but instead established that 
SS 316 was the only material that consistently 
conaibuted signifiant levels of Ba to the solution 
relative to the other samples and the controls (Fig. 
lal.The avenge inmease inaqueous coneenbation 
for the ground water exposed to SS 316 was about 
70% compared to the conhoL After 5 days of expc- 
s m .  ground water in contact with SS 316 devel- 
oped aqueous Ba concentrations that exceeded 1% 
of the drinking water quality level established by 
the EPA. None of the other well casings tested 
produced aqueous Ba concen~tionsthatexceeded 
1% of the EPA drinking water quality aiterion or 
were signifjcantly different from the control after 
the initial exposure period. 

Cadmium 
We did not use ANOVA with Cd since the 

maprity of concentrationsdetennined were below 
the MDL (Appendix A). After 1 day of expmure, 

both ground-watersolutioncontaining55316 and 
PVC had aqueous Cd that exceeded 1% of the EPA 
drinking water quality level 

Figure lb  shows the average Cd concentrations 
determined for the control and well casings. It 
appears that Cd isinitially released fromSS316and 
PVC but becomes resorbed onto the well ca5ing 
with time. Stainless steel 316 contributes approxi- 
mately an order of magnitude (more than 10% of 
the EPAdrinkig waterquality level in somecased 
more Cd than PVC for equivalent exposure peri- 
ods. 

Chromium 
Beyond the l d a y  exposure, the analysis consis- 

tently demonstrated that both stainless steel well 
caslngs contributed si@cantly greater quantities 
of Cr to the ground water than the control or the 
other materials tested Cable 3b). Thesemetal well 
casings, along with PVC, inaeased Cr concenha- 
tions in the ground water above 1 % of the EPA 
drinking water quality level (Fig.1~). The extent of 
the O contamination coming from the PVC was 
three to five times leu than that coming from the SS 
304, which d y  showed the highest average 
contamination for a given exposure period. the ex- 
ception being the initial exposure period., 

The ANOVA and LSD tests failed to distinguish 
any difference between the materials for the l-day 
exposure because of the large variation among the 
the three SS 316 sampler If SS 316 is removed, the 
analysis shorn both WC and SS 304 to conhibute 
signihntly geater quantities of Cr to the ground 
water than do the control and PTrr. The only 
material that showed a consistent trend was SS WI 
(Fig. Ic), which created increasing concenaatiorus 
of Cr with time. Throughout the experiment there 

.A :w significant differera for G between the 
control and the FITE well casing. 

Lead 
The b t  two exposwe periods showed PVC to 

leach the greatest amount of Pb and to be s igns-  
cantlydilferentfromtheconaolandTIFZThetwo 
longest exposure periods showed that SS 304 
leached thegreatest amountofPb toground Water; 
however, the levels observed in solution for S S m  
wereonly statistically different from the rest forthe 
40day exposure period Uable 3c). The average 
levels obtained for both of the stainless steels and 
for WCconsistently exceeded 1%of the EPA drink- 
ing water quality standard (Fig. Id). 

The mmt distinctive trend was the decrease in 
Pb with inaeasing time of exposure for W C  (Fag. 
Id). Both stainless steel well casings showed slight 
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decreases in Pb levels after aqueous concentration 
maxima were obtained. The Pb that was inifislly 
released was resorbed by the W C  and stainless 
steel wellasings.Throughout theexperiment. there 
was nosignificant differenceamong the control.55 
31 6 and Pm. 

Copper 
The statistical analysis distinguished SS 316 as 

theonly materid that contrhtedsignificandy more 
Cu when exposed to ground water than the other 
materials tested mable 3d). Aqueous cuncenha- 
tiom exceeded 80pg/LforSS316 v- about 10 
pg/L for che other materials and the cunhoL 

d .  Pb. 

c. Cu. 

Both F E E  and PVC well casing showed a gen- 
eral trend of decrearingcuwith increasing time of 
exposure and often showed concentrations below 
thecontrol (Fig le). This trend, along with the lack 
of any trend with respea to the control, demon- 
strates that these two plastic pipes provided the 
substrate for sorption. 

Anenic, me-, selenium and silver 
The determinations for As, Hg. Se and Ag were 

not statklicdly analyzed because the rnaprity of 
theconcenhations wereator below the established 
MDk. Based on the analysis methods employed. 
none of the well casings consistently contributed 



As, Hg or Ag above 1% or Se above 2% of the EPA 
drinking water quality level. 

Ground water was collected from a domestic 
well system and stored in sealed 2-L glass bottles 

f i r  approximately 24 hours prior to being a m -  
ferred into test jars. Ground water collected in this 
fashion is aerated at the faucet and exposed to an 
oxygen-rich environment every time the lid of the 
containerwas removed.Handlingtheground water 
in this manner most likely changed the oxidation 
potential. facilitating oxidation reaciions (Stumm 
and Morgan 1970). We made no attempt to sirnu- 

*late the natural ground-water redox state or to 
quantitatively aww the chemical equilibria that 

' existed during the course of this experiment 
There was vinile w t  on 11 of 24 sections of the 

stainless steel pipes Uable 4). Each pipe section 
was carefully examined prior to submersion and 
after removal from the gmund water. In this u- 
perimcM and in a previous orie Orewin 1989), 
oxidationon the staialesssteel was predominantly 
found onthewaU.If oxidationisprovidingsites for 
sorption or release mechanisms, then the freshly 

cut surfam were most likely not a mapr faaor in 
the behavior of these two materials. Freshsurfaces 
on the W C  pipe is not an experimental amfact 
since PVC well ween is made by slolting the pipe. 

It was apparent from the values determined for 
the ~0nh0l  samples that the three 2-L gkss bottles 
used to transpon the ground water had different 
concentrations of aqueous Cu (Appendix A). The 
range of aqumus Cu concentrations most Likely 
reflect theresidence timeof theground water in the 
household ahd well plumbing.Threedistinincl p o p  
ulations of Cu concentration were determined for 
the controls at the 99%. confidence level (XI ;: 
9M.O. n = 4; 3 = 10.2022, n = 5; X, = 16.W.0, n 
= 3). Differences between adjacent mean concen- 
tratiom were established by testing against the 
maximum variance determined for all of popula- 
tions (LC., XI% Md x, 

Tne groups establis 3 .  ed by the three Cu popula- 
tions were then tested to determine if any of the 
other me* found above its MDL were aka sig- 
nificantly different Table 5 presents the averages 
andstandarddeviations forthemetal groups based 
on the Cu populations for the controls. Only Pb 
shows t h  same increasing mean concentration 
m d  as the Cu groupings; however, the atwages 
for the adjacent Pb groups were not significantiy 

Table 4. Physiul state of stainless steel p i p a  after exposure to 
ground water, 

Table 5. Average metal concentrations for the controls 
based on the groups established by the Cu populations 
4'w. 



Table 6. Summary of results, 

Matm-hLr c b l  krched >IT; of 
EPA drinking w c r r  qurltty 

h c l  in ~rwnd-wncr  wloluuum. 55 316 SS 316 SS XW 55 301 NA' 
PVC PVC 55 316 PVC 

PVC 55316 

Maled that s h o d  Ihr 
higher1 avcrrgr oxrnll amounl 
of arwiylc ICJcM SS31b SS316 SSXW 55301 SS31b - 

different at the 95% or even the 80% confidence 
level when analyzed in the same manner as the Cu 
populations. This analvsh estabiishs that only Cu 
was sigrufiwtly influenced by the sample prepa- 
ration procedure. Mixing the ground water from 
the three collection bottles would have eliminated 
thisartifact.Thele~el of Culeached from theS.5316 
farexceededthedifferencebetweenthestablished 
popsltions 

The m u ~ t s  of this s~dysuppor t  our previous 
work (Hewitt 1989) showing that PTrr is the least 
reactive material. whereas both W C  and stainless 
steel well casings influence aqueous concentra- 
tions of metals in laboratory ground-water solu- 
tions. As in the first study, (he variance among the 
stainless steel replicates was often the greatest, 
indicating that thb material is sureptible to p m  
du&g &dom error. Both studies found that SS 
316 and WC leach and sorb Cd: in addition, these 
two materials. along with fif 304. sorb Pb. Studies 
in the future should be conducted under anoxic 
conditions to see if oxidation of thestainless steelis 
simply anartifactof theseexperiments If corrosion 
of stainless steel is absent under reducing condi- 
tions, then we mig :: ywi less d o m  variation 
and \as of an influence on the metal analytes in 
ground-water solutions. 

Asummar]r of the resultsffable6) dearly shows 
that thestainless steels were the greatest=- of 
contamination under these experimental condi- 
tions. When PVC leached metals (Pb. Cr and Cd) 
that exceeded 1% of the EPA drinking water qual- 
ity specifications into solution, there was always a 
trend showing a decrease in concennation with 
time of exposure. This would suggest that the 
leaching of Pb, Cr and Cd from PVC is a surface 
process and is s m d .  Most likely the initial release 
could be decreased by more extensive cleaning 
before the pipes are used. Thesame statement does 
not apply to the stainless steel well casings. In the 
cases of leached Cu from SS 316 and leadred Cr 
fromSS304, theconcenhationsof thesemetals con- 

tinually increased with timeover 40 days. It is pos- 
sible that stainless steels could supply these ana- 
lvtes to ground water over an extended penod of I 

&e, p ihaps  the entire life of the casing. 

CONCLUSION 

Among the four typs of well casings tested, 
FTFE was the only material that did not leach any 
,of the nine metals examined. The other materials 
tested in this experiment (WC. SS 3C-4 and SS 316) 
comprormsed bboratory ground-water samples 
bv conhibunng analvtes of interest (Ba, Cd. G. Pb 
akdCu). Inveshgatidnswhereody tracemetakare 
of interest should use PTFE below the saturated 
zone. PVC would be the appropriate second choice 
since itr iduence on metal anaiytes appears p* 
dictable and small. In contrsst, the two stainless 
steel materials should be avoided. 
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Polytetrdourwthylene -1, polyvinylchloride (WC), stainless steel 304 (SS 304) and stainless steel 316 (S5 
316) well catings were tested for suitab'ity for ground-water monitoring. A laboratory experiment. testing f o r t h  
leaching of&. As, B4 Cr. Hg, Pb. Se and Cu, was nm in triplicate by exposing sections bf the weU casings u 
ground water for four periods ranging from 1 to 40 days. The results showed that PTFE did not leach any of the fun( 
analytes studied, while SS 316andWC showedsignificantleachingof Cr, Cd and P6; SS 316 also leached significa~~ 
amounts of Ba and Cu. Stainless steel 304 showed significant leaching of Cr and Pb. In every case wher( 
contamination was observed. the release of metal analyte, when averaged over aU ofthe exposure ~eriods. was t h ~  
greatest from eitherss 304 orSS316. Released contaminants were so&dback onto the well casings in several f a x 5  
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Influence of Well Casing Composition on 
Trace Metals in Ground Water 

ALAN D. HEWM 

Representative p u n d  watersampling requires 
apparahrs; made frommaterials that are chemically 
inert with respect to the analytes of interest under a 
variety of environmental conditions. Several mate 
rials are being considered by the Enmnmental 
Protection Agency (EPA) for use as well casings for 
ground watermonitoring. Fourwell casing materi- 
als now employed were examined in in study. 
polyvhylchloride W C L  polytetraauoroethylene 
(PTFD,stainlessstee1304 (SS304) and stainless steel 
316 (5916). 

A review of the literature showed that all of the 
well t d n g  materials being tested sorb appredable 
quantitiesof rrrtainionswdes(EichhoIzet d 1965. 

ground water solution is insuffiaent (8a&loniet 
d. 19831.h this study, weUcasins wereexposed to 
varying concentrations.of me&, pH and-total or- 
ganic carbon (TOC) in ground water. The metals 
selected (arsenic, cadmium, duomiurn and lead) 
have been ated by the EPA as priority poUutants. 

In previous studies of the effects of well casing 
composition on inorganic constituenk in ground 
water, it was observed that, in general, steel and 
stainleis steel release metals (Houghton and Berger 
1984,Barcelonaand Helfrich 1986). Thecorrosionof 
stainless steel was aLo ated as causing a hydrous 
iron prepitate that could remwe species from 
solutionby sorptionandcopredpitation(8arce~ona 
and Helfrich 1986). The only laboratory study cited 
in theliterature used deionized water as an aqueous 
solution, and samples were taken weekly (Miller 
1982). Determinations of Cr and Pb showed that the 
latter was more suxeptible to sorption and that 
PVC was a more ative exdtangesurface thaneither 
polyethylene or polypropylene (Miller 1982). 

MATERIALS AND MFIHODS 

This study monitored metal mncenhatiors in a 
variety of 'pund water solutions exposed to the 
four well casing materials. The risulk were ana- 
lyzed for trends insorptionand leaching, the effects 
caused by the variables introduced inta the solu- 
tion and the randomness of sample pair variability 
for the analytes tested The degree to which the 
andytes were affected was used to rank *e casing 
materials. The testprocedure was tosubmergesam- 
ples of well casings in ground water solutions with 
different metal cuncenttations, TOC and pH. After 
05,4,8,24 and 72 hours, aliquots of the solutions 
were collected foranalysk Anin- in the metal 
concentration would indicate that the well Qsing 
material was releasing met& into the solutioh 
while a decrease in concentration would indicate 
that metals were being sorbed by the casing. Both 
situations are undesirable. 

Test design 
A full2' factorialscreening erperiment was used 

to test each of the four well casing materials. t h e  
variables selected were aqueous metal conwntn- 
tion, pH and TOC The ground water was obtained 
from a domestic well system in Weathenfield, Vt. 
The two added concentrations of metals were the 
maximum level ated by theEPA for primary drink- 
ing water quality and one fifth that concentration 
Cable 1). Experiments were runboth at the natural 
pH (7.8) and TOC (not determined) of the ground 
water and at modiIied leveli (pH 5.8, natural TOC 
plus 5 mg/L humic add, Aldrich). Aadity was 
r a i d  by theadditionof HU(reagent grade, Baker), 
creating an initial pH of 5.8. The natural buffering 
capaaty of the ground water allowed the pH to drift 
to 6.2 by the end of the 72-hour experiment. 

Duplicate samples of each pipe material, along 



Table 1. Aqueous metal concentra- 
tiomadded togmundwatufortest- 
ing well casing mate* 

High rpik' Lnw rpik 
M c l d  fmglL) CmglLl 

Arsenic M 10 
Gdmium 10 2 
Chmmium M 10 
Lead M 10 

EPA interim primary drinking water 
standard (1983) 

with two controls, were exposed to each set of 
conditions in the factorial matrix Fig. 1). Controls 
consisted of a container and the sample solution 
withost a pipe sample. Replication allows for the 
measurementof randomerror~consistingof sample 
pair variability and analytical precision) and thus 
confidence levels can be assigned to obsewed ef- 
fects. A three-v&blefactorialhaseightseLsof vari- 
able combinations, c-eating an experiment with 80 
samples (4 materials plus 1 contmlx2replicatesx8 
conditions). To collect aliquoh within 30 minutes, 
the factorial was blocked, that is, the solutions with 
high metal concentrations were sampled 2 hours 
before the samples with low concentrations. 

The @I aqueous solutions were prepared by first 
adding 97 mL of ground water to each sample con- 
tainer. The condition of high XK: was created by 
adding1 mLof500mg/Lhumica~nohumicadd 
was added for the low condition The condition of 
high aadity (low pH) was created by adding 1 mL 
of 0.183 M Ha no add was added for the low 
condition The condition of high metal concentra- 
tion was ueated by adding 1 mL of 5 mg/L As, G 

Figux I .  Diagram o f f i c t o ~ l  mtrir. 

and Pb and 1 mg/L Cd of mixed metal spike; the 
condition of low metal concentration was mated 
by adding 1 mL of 1 mg/L As, G and Pb and 02 
mg/Lof Cd mixed metal spike.The volume in had  
sample container was increased to 100 mL with the 
addition of 1 or 2 mL of reagent-grade water (Mi& 
Q Millipore Corp.). Pipe sections were the last 
constituent added to the vessels containing the 
ground watersolutions. All vessels weresealed in a 
room with no natural light at approximately 24T. 
Eve aliquots of 25 mL each were removed at c05,  
4,8,24 and 72 hours to produce 400 samples for 
analysis. 

hfaterials 
Polypropylene 125-mL jars (Model 618EE37. 

Thomas Sdentific) served as the sample containers. 
The jars were rinsed and soaked for 24 hours in re- 
agentgrade water prior to use. The PVC and stain- 
lesssteelwellcasings weremanufaauredby Johnson 
Well Screen, and the PIFE pipe by MIP Inc AU of 
thesepipes werespeafidy made for ground water 
monitoring. Approximately 2 i m  lengths of 5-cm 
inner-diameter well casings were cut for the experi- 
ment The exact length of the rings varied w i q  the 
wall thickness and diameter of the pipe lot tested. 
maintaining a constant surface area of 80 em'. Cut 
surfaces made up approximately 17% of the area for 
thePTFEandPVCwellcasingsbut lessthan10% for 
the steelr Care was taken during the milling of the 
pipe sections to prevent contact with any foreign 
materials (ie. grease, dirt, oil, solvents and exca- 
sive handling). Individual 2- lengths of pipe 
wererinsed withreagent-gade water anddriedbe 
fore use. No attempt was made to remove surface 
discoloration or ink preent on the pipes due to the 
manufacturing proces. Cleaning of ground moni- 
toring pipes for field applications often consists 
only of rinsing with thedeanest water available be- 
fore installation The pipesections were completely 
Nbmersed in the 100 mL of mound water in each 
container, creating a pipes;rfacearea/aqueaus- 
volume ratio of 0.8 cm-8. This experimental design 
has the expected surface/aqueous5olution ratio 
for well casing at the bottom of the we& however, 
the ratio is lower than would be encountered at the 
well screen 

Sample vials (7.5 mLCPE,Nalgene) weredeaned 
by rinsiig with reagent-grade water, soaked for 24 
hours in 10% v/v G. Fredrick Smith (GFS) distilled 
nitricaad, rinsed with reagent-grade water,and air 
dried. Aliquok (25 mL) were tmmferred to these 
small vials with an Eppendorf syringe and then 
immediately acidified to below pH 1 with 50 11L of 
concentrated GFS distilled nitric a d d  Studies have 



shown that acidification belowpH15hanefffftive 
method for preventing the loss of trace metal spe- 
aes from natural waters (Subramanian et d. 1978): 

The experiment and all cleaning Operations for 
the pipe materials and sample containen were per- 
formed in class 100 deanrooms. Ground water.and 
ground.water treated with the spiking solutions of 
humicaadand HC1. showed nodetectable amounts 
of As, Cd. Cr and Pb at the sensitivity level used for 
the arialysis. 

Instmentation 
Metal concentrations were determined using a 

Perkin-Elmer (PE) model 703 atomic absorption 
spectrophotometer coupled with a PE model 2200 
heated graphite atomizer. Sample injections of 10 
and 20 mL were made with a PE AS1 autosampler. 
Ea?h sample aliquot was analyzed at least twice. 
Analyteconcenhations werebasedonaveragepeak 
heightfmmstzipEhartrec~rdin~. Calibxationused 
standards of the same add mmposition Furnace 
pmgamsand otherinstntmentparametexslollowed 
recommended settings for aqueous metal analysis 
(Perkin-Elmer 1981). Arsenic determinations re- 
quired deuteriumarcbadcground~odont0eIim- 
inate interferences fromtheacidin thesamples and 
standards.Mmetaldeterminati0~weremmpktd 
within three weeks after coitecting the sample ali- 
quot~. In addition to running aqueous sendards 
with acid concenhatio~ matched to the sample ali- 
quots, EPA trace metal reference s h d a r d s  were 
analyzed independently to check day-today stan- 
dard prepamtion. 

Conductivity and pH measurements weremade 
on all of the ground water solulions. Aadity was 
checked at the beginrung and end of the 72-hour 
exposure penod Uable 2). AU pH measurements 

Table Z Condudivi of ground wa- 
ter solutions and p A! measurement3 
at the beginning and end of the 72- 
hour exposure. 

1 HHH 5.6 6.1 
2 HHL 5.6 6.2 
3 LHH 5.6 6 3  
4 LHL 5.7 6 1  
5 HLH 7.7 7.7 
6 H U  7h 7.8 
7 L l n  7.9 7.9 
8 LLL 7.7 7.9 

.Krv 
. - - I  

Order: Metal. acidity, TDC 
H - High 
L - L o w  

were obtained with a semi-micro glass combination 
Ross model 81-03 electrode (Orion). The electrode 
wascalibrated withbothhigh~ldlow ionicstrength 
buffers prior to analysis of the ground water solu- 
tions. A Lee& and Northrup electro1yticconductiv'- 
ity bridge was used to mezure conductivity. 

Aqueous metal spike 
Aqueous metal solutions (As, Cd, Cr and Pb) for 

standards and sample spiks  were made by dilut- 
ing 1000-mg/L certified atomic absorption refer- 
ence solutions (Fisher Scientific Corp.). Lead and 
cadmium were introduced into solution as metals, 
chromium as potassium dichromate. and arsenic as 
the ttioxide for these reference standards. Mixed 
metalsampleand controlspiking solutions without 
acidification were prepared just prior to doping the 
ground water.Standards were prepared daily fmm 
a separate mixed metal st& The standard stock 
solution and working standards were prepared in 
reagentgrade water (MilliQ) aadified with 2% 
v/v  GFS HNO,. 

RESULTS AND DISCUSSION 

Ground water was collected and storedipsealed 
glass bottles for 24 hours prior to making the fact* 
rial matrix solutions. From the time of collection to 
the end of the experiment, shifts inchemid equili- 
bria undoubtedly omvred due to the new environ- 
ment and added m ~ t i t u e n b  Once removed from 
ik anoxkenvim~nent. groundwater may undergo 
redoxand precipitation reactions.such as oxidation 
of organics, conversion of sulfide to sulfate. and 
convexsion of ferrous kon to ferric with subsequent 
precipitation of hydrous iron oxides (Stumm and 
Morgan 1970). Lowering the pH would shift  the 
carbonate equilib- from predominantly bicar- 
bonate species toward carbon dioxide (Manahan 
1972. CIearly these changes could alter the trace 
metal species distribution. None of these p i b l e  
changes to the ground water composition were 
monitored quantitatively. 

Qualitatively itwasapparent iron was oxidizing 
on the metal pipes since surface rust developed on 
the stainless steel in 1 4  of 32 vessels containing this 
material (Table 3). In four of the vessels, sufficient 
oxidation occurred to form a hydrous iron oxide 
precipitate. Stainlesssteel316was moresusceptible 
to surface oxidation (I1 of 16) than S U M  (3 of 16). 
The hydrous iron oxide precipitate only developed 
with SS316 in low pH (high acidity) solutions. Ru t  
formed on or near the cut surface of the 55304 pipe, 
but in the S316 sections it was predominantly 
located near the weld on the exterior wall. 



'Table 3. Physical state of stainless steel i p a  &a P n hours of exposure to ground w a t u  so utiona 

H H r  HHL LHH ' L H L  HLH HU. W LU 

5UM O/E O/E - - - - - - 
m -  O / E -  - - - -  
55316 F/E - - F/W O/W O/W O W  O/E 
SY16 FIW FIE - - O / W  O/W - O/W 
' See Table2 
KFI. 0 --&&tion on rurlae 
F - hyd- iron oxide prrdpitab in ullu'-ion 
E - oxidation nur edge 
W -oxidahonon n U  

Table4 Design matrixf0r2~factorial run in dupli- 
cate (-1 represents the low level and +1 the lugh 
level af each vuiable). 

LLL 
UL 
ZaL 
Hu 
LIa. 
LHL 
Ii.I.fr. 
HHL 
-W 
W 
HLH 
HLH 
LHH 
LHH 
HHH 

Table 5. ANOVA for Pb at 24 h o w  with SS304 
well using. The average nomulized response 
was 53.8 and the standard deviation was el 

&(Mctalmnc) -4.04 1 M NS 
& (Acidity) 20.4 1 U)J VS 
5 7.6.6 1 161 VS 
Xt & 4.74 1 5.m NS 
xr % 439 I 916 S 
&% -016 I 0.m NS 
?%% -189 1 081 N5 
ERROR 39.7 8 . 17.6 
5 -significant rffccl at a rignifiom h i  of 5% 
VS - very rignificlnl. o r d s  of magnihlde grram chm F 
" h e  IF,,,(di 1.8) = 5321 at a rigmSona ienl of 5% 

NS nol a rigolficant tiled i t  5% k v e L  

Aqueous metal concenhations for the v-b 
containing well casing pipe sections were corn- 
pared to the average amount determined in & heo 
controls within each matrix set and multiplied by 
100. Handling the data in this fashion normalized 
themetalconcentrations observed for the two lev& 
tested, dowing an analysis of Variance (ANOVA) 
on the entire data set Consequently the expected 
value in every case would be 100 if the pipe casing 
exerted no influqce 

An ANOVA was performed on a matrix of eight ' 
duplicates for each time i n t d  (Table 4). A repre- 
sentative ANOVA table containing all computed 
effects, mean squares and F-ratios appears in Table 
5.The complete array of ANOVA tables is given in 
Appendix A. Typically interaction effects are small 
compared to main effects. Consequently the data 
summaries that follow will be based exclusively on 
main effects and trends in those effects as a function 
of h e  The average response is based on all 16 
meanrrements in a set. Each effect is the average of 
the eight responses when a variable is at the high 
setting minus the average of the eight responses at 
the low settings. The hiS error is simply the sum of 
sq- for etmr between the replicates divid* by 
eight degrees of freedom (dfl (one df from each pair 
of values).Thestandard deviationis thesquare root 
of the h S  and represents the random error assod- 
ated with an individual experiment. 

T a b l e 6 0  the effects noted in ANOVA 
for the aqueous metal concentrations in contact 
with the four pipe materials. Since sample aliquots 
were taken at five separate time intervals. effects 
that followed a pattern provided support for the 
analysis of ~ ~ n c e c o n d u s i o r k .  Effects wereestab- 
lishedat the95% confidenceleveL~eefffftsshown 
in Table 6 represent the influence that the matrix 
variables have on the analyte concenkation when a 
singlemrstituent chages from the low to the high 
l d  The last two columns in this table show the 
random error variance associated with the dupli- 
cate determinations. The standard deviation was 
obtained by taking the square root of themean sums 
of squares for the error. The larger this term be- 
comes, the less likely that the analysis will be able to 
distinguish real effects from random variations. 
Standard deviations greater than 10% depict large 
random d i e p a n o e s  between sample pairs. 

Arsenic 
Noconsistent pattern of effects was observed by 

the ANOVA on theaqueous arsenic concentrations. 
In general FIFE and PVC showed no change in 
concentration throughout the 72-hour exposure 
period. The lack of influence may be due to the 



Table 6. Summary of ~ i g r u f i ~ t t a =  0.05) main eff ects and the ran- 
dom ermr of measurement foi the faux metals. The standard devia- 
tion givenhere is the square root of the MS e m r  and represents the 
random error associated with an individual measurement. 

8.0 W C  100 
PTFE 101 
SUM 962 
55516 943 



Table6 (cont'dLSummuyof sipifiunt (a=O.OS)mrin effect.9 and 
therandom enurof rnumrrmentforthe fourmetaklhe standard 
deviation given here h the squuc mot of the MS u m r  and repre 
sen& the random umr aw&5ated with an individual musure- 
ment 

T i m  Armgr MMI Acidity TOC MS Slundnrd 
(hrl P i p  mpmc X, -% X, m v r  d & l h  

prefemed state of this metal in aqueous solution surfacessuchas plastics, whichare better knownfor 
Arsenic exists as arsenates (yAd3,, H+Oi and their cation exchange capabilities ( M W  a d  
HASO,'-) under oxidizing conditions and as arsen- Ma-n 1981).Thevessek containing both types 
ites (H,.bO, W O ;  and HASO:-) under moder- stainless steel showed, on the average, about a 10% 
atereducingconditions innatudwdtes(Fow1eret d-se in aqueous arsenic relative to the conmls 
aL 1979). These partly dissociated spdes for the two longest exposures. 
tively charged and are not likely to interact with 



Cadmium 
On the average, aqueous cadmium Concentra- 

tion increased relative to the controls for all pipe 
iections exceptPTFE, which showed no consistent 
effeas and no dunge in aqueous cadmium cuncen- 
tration. PVC in general showed a constant 15% 
average enrichment in cadmiurnafter 4 hours of ex- 
posure. 77& enrichment was affected negatively by 
the roncentration of the initial metal spike (the 
percentage of cadmium enrichment was less at I0 
mg/Lthanat2mg/L;h0~e~er,theab~l~teamount 
of Cd contributed by the pipe was approximately 
03 mg/Linbothsolutions)andp~siti~el~b~h~d~o- 
genion (cadmium concenhationinaeasedas hydro- 
gen ion concentration inaeased). haeasing TOC 
sh~wed a very small and inconsistent negative ef- 
fect. Stainless steel 304 showed an average 15% 
increase in cadmium for the 4, 8 and 24-hour 
aliquok; however, it returned to the same l w d  as 
the control for the last collectionThis material was 
also affected by the concenhation of the metalspike 
(negative) and hydrogen ion (positive). . 

A similar pattern was observed forSS316 except 
that it did not return all the way to the control iwel 
after 72 hours and the effects were less consistent 
due to large random e m s .  For all  the pipe materi- 
als that showed enrichment of cadmium, a maxi- 
mum was reached before72 hours of exponue, and 
the effect wasmost prominent at low metalconcen- 
W o n  and high hydrogen ion concennation (low 
pH. This suggesk that the release of Qdmium to 
solution from PVC. SU04 and SSX6 was small and 
that some sorption omurrd with time Cadmium 
may have been employed as a W s t z h i b x  during 
the manufaauring of W C  (Wilson et d 1982). and 
it may exist as an impurity in stainless steel 

The standard deviation for '3% was greater 
than 10% showing large random discrepancies 
between sample duplicates. Random variation was 
a dominant feature with SS316, where after4 hours 
of exposure the standard deviation^ greaterthan 
47%. In sample duplicates the presence of a single 
SS316 pipe section with surface oxidation was the 
major Murce of variance. In contrast the standard 
deviation for both PVC and PTFE wereconsistently 
below 6%. 

Chromium 
FIFE, PVC and SS304 showed no consistent 

effects and on the average no change in aqueous 
chromium relative to the controls. The kckof inter- 
action with plasticmay be due to thesaltofthemetal 
employed to make the aqueous mlutions. Potas- 
sium dichromate in solution predominantly exisk 
as dichromate and chromate (Cr,O,'; CrO:). Nega- 

tively charged species are not as likely to exchange 
wiih plastic surfaces,. 

Stainless steel316showed a 16% averagereduc- 
tion in chromium after 72 hours of exposure. 
responsewasaffected by theconcentrationof hydro- 
gen ion (negative) and TOC (positive). The stan- 
dard deviation r e a d d  10% after 8 hours forSS316. 
At the lower pH there was increased surface oxida- 
tion with regard to SS316. which may have ueated 
sorption sites and consequently increased random 
variation. Humic species inaeased the stability of 
aqueous chromium, perhaps by acting as a com- 
plexing agent. The standard deviation for 55304 
steadily inaeasedfrom3.7%at4 hours to4270 by 72 
hours. Again the pairs with the greatest discrepan- 
aes had one member with surface oxidation. In 
general, surface oxidation appeared to be a chro- 
mium source with S304 and a sink with 55316. 

Lead 

of queous'liad relative to the controls with time 
2).This metalwas by far themostactivespecies 

in te& of sorbing onto the well casing surfaces. 
PTFEhad theleastacti~enrrface~followed by PVC, 
SS316 and SS304. The average losses rang& fium 
10% for I'rFE to 55% for 55304 after 72 hours of 
exposure. No effects were either large or consistent 
with respect to solutions in contact with PEL For 
SS316, there were large effects that were sigrufieant 
whenthey wereconsistent but thatweresometims 
not statistidky significant due to large random 
error. The trend was toward negative ef£& for 
metal concentration and positive effects for hydro- 
gen ion and TOC conce&tion. Aqueous concen- 
hations of lead in contact with both WC and SS304 
wereconsistently affected by matrixvariablaTOC 



concenhationshowed a positive intluenceonaque- 
ous lead concentrations in the presence of WC and 
SSM4 pipe sections. Stainless steel 304 ws& a h  
affected positively by the concentration of hydro- 
gen ion. Humic material apparently againacted as 
a complexing agent, making lead more stable ins* 
'lution. Lower pH also increased the ability of lead to 
remain in solution for the vessels containingS3C-l. 
Aadity was increased in the ground water solu- 
tions by the addition of HCL with this spedes inso- 
lution, hydrogen ions may compete for sorption 
sites. 

CONCLUSION 

Inlagomtory testing.55316andSSMQwerefound 
susceptible to oxidation at locations near cuts and 
weldsinground watersolutions.Surfaceoxi&tion, 
presumably by galvanic action,providesactivesites 
for sorption and a h  releases impurities and mapr 
constituenu.ThiS randomsourceof errormastlikely 
depends on the speafic production batch and sup 
plier of the well casing pipe. Installation is +so an 
important vaxiablesince any abrasions would read- 
ily act as oxidation sites. Stainless steelsorbed both 
anions and cations faster than PVC or PITL There 
fore, stainless steel. are prone to Mpodng speafk 
signatures on ground water and are not suitable 
where hace metal determinations a~ planned. 

PVC was a s o m  for low levels of cadmiumand 
it ads asamoderately activesurface forthesoxption 
of lead. Both of these processes were affectedby the 
ground water composition. Lead was affected posi- 
tively by increasing the TOC concentration,and the 
effect on cadmium depended on the a d y t e  con- 
centration. Regardless, PVC should be considered 
as a well casing candidate basedoneconomics(PVC 
is one sixth the price of PlTT) and the strong possi- 
biity that the effects a:ed previously are of less 
concern at well recharge rates of less than 24 hours. 
ITFE showed no marked interactions with any of 
the metals tested. This material is superior to the 
others because it did not influence bace inorganics 
in ground water of various compositions. 
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' Table A 9 .  ?.NOVA f o r  As aL 24 hours with P m  
well casing. The average normalized response 
was 99.2 and t h e  standard devia t ion was 5.4. 

Factor E f f e c t s  df HS r Sig 

X: (Metal conci 2.26 1 0.71 NS 
X, (Acldityi -1.29 1 0.23 NS 
X, (TOC! - 7 . 7 1  1 8.21 S 
X:X, - 2.73 1 1.04 NS 

X:X, -3.79 1 1.98 NS 

XaX, 0 . 8 1  1 0.09 NS 

x:xA -1.36 1 0.26 NS 
Error 8 29.0 

Table 1110. ANOVA f o r  As a t  72 hours with P m  
w e l l  casing. The average normalized response 
was yo2 and the  standard devia t ion was 4.5. 

X, Ineta1 conci -4.56 1 4.11 NS 
X, (Acidityi -1.56 1 0.48 NS 
X, (TOCi -1.56 1 0.48 NS 
X1y7 6.26 1 7.75 S 
x~ 5 ' 3 .11  1 1.92 NS 
xA 5.71 1 6 . 5  S 
X:%]I -2.11 1 0.88 NS 
Error  8 20.2 

Table A l l .  M O V A  f o r  A3 a t  0 .5  hours wlth 55304 
well casing. The average normalized response 
was 99.7 and t h e  standard devia t ion was 5.7. 

Factor E f f e c t s  df HS F S l g  

X. (I(at.1 concl - 2.62 1 0.82 NS 

Table A l 2 .  ANOVA f o r  A3 a t  4 hours v i t h  55304 
well casmg. The average normalized rerponse 
was 97.8 and t h e  standard devia t ion war 6.3. 

Factor E f f e c t s d f  HS F Sig 

X, (Uetal c m c i  -2.12 1 0.44 NS 
X. IAciditvI -1.95 1 0.38 NS 

. . 
X ~ X ,  2.65 1 0.70 NS 
X:X, -4.72 1 2.21 NS 
X,X,X, -0 .88 1 0.08 NS 
Error  0 40.4 

Table A13. ANOVA t o r  As a t  8 hours with 55304 
w e l l  cas ing .  The average normalized responze 
was 96.2 and the . s t andar6  devia t ion was 5.7. 

Fac to r  Ef fec t s  6 f  HS F s l g  

X, (Metal conci -5.09 i 3 .20  N5 
X, (Acldltyl  -8.59 1 9.12 S 
X, (Tot) -3.74 1 1 . 7 3  NS 
XA -4.46 1 2 . 4 6  NS 
x: X. 2.79 1 0 .96 NS 
XzX, 2.54 1 0 . 8 0  NS 
xA% -10.3 1 13.7 S 
E r r o r  8 32.3 

Table Al4. ANOVA f o r  AS a t  24 hours w ~ t h  Ss304 
we l l  cas ing.  The average normalized response 

w a s  89.4 and t h e  standard d a v ~ a t i o n  was 5.1. 

Factor  Ef fec t s  df US F 519 

X, (Metal conci -0.56 1 
U, Ohcidityi -1.96 1 
X, ITOCI -2.89 1 

X A  -3.09 1 

xx XI 4.04 1 
%& 1 .29  i 
%&XI -1.39 1 
E r r o r  8 

Tabla A15. ANOVA fo r  As a t  12 hours with 55304 
we l l  cas ing.  The avaragc normalized reapon*= 
w a s  89.1  and t h e  standard devia t ion was 8.4.  

Factor  EZfectJ df HS f Sig  

T a b l e  A16. ANOVA t o r  AS a t  0 0 .  hours wlch 55316 
we l l  cas ing.  The average nonnalired responae 
was 99.4 and t h e  s tandard  devia t ion was 4.0. 

Factor  Ef fec t s  df US F Sig 

X, (Metal concl -4.12 1 4.25 NS 
X, (Acldl ty i  -2.75 1 1.89 NS 
X, ITKi  2.20 1 1 .21  NS 

xA 2.30 1 
1.32 NS 

xx % 1.45 1 
0.52 NS 

xxx> -2.18 1 
1 . 8  NS 

X!?% -0.68 1 
0 . 1  US 

Er ro r  8 16 .0  



 able A17, AHWA f o r  M a t  4 hours wi th  55316 
wal l  casinq.  Tne rvsraqa no-lizsd r.lponse 
w.3 94.5  and t h e  3 tandlrd  devia t ion w a s  6.0. 

Factor  Ef fec t s  df HS F 519 

X, ( ~ e t a 1  concl . 3.52 1 1.34 NS 

: X, (AcicUtyl 3.80 1 1.58 NS 

X, VOC) -2.35 1 0.62 NS 

x, x, -0.75 1 0.06 NS 

Xlu, . 7.60 1 6.32 S 

&x, - -2.62 1 0 . 1 5  NS 

X,x,& -2.62. 1 0 .75  NS 
Error  8 36 .6  

 able Ale. NiOVA r o r  Aa a t  8 hours with 55316 
WSLL casing.  The average n o m a ~ i r . d  response 

94.5 and t h e  stan6ard dev ia t ion  was 6.8 .  

X, (natal concl 2.55 1 0.57 NS 
x, ( ~ c i d i t y l  -1.35 1 0.16 NS 

( T W  -9.10 1 7.20 S 
5x4 -0.82 1 0 .06  NS 

X,x, 8.28 1 5.95 S 

5% -7.02 1 4.29 NS 

%%& -7.55 1 4.95 NS 
Error  8 46.0 

5 r b l e  A19. WOVA f o r  A3 a t  24 hours wi th  55316 
w e l l  u s i n g .  The average n o w r e c i  reaponst  
w a s  85.3 and t h e  s tandard  dev ia t ion  w a s  8 .0 .  

7, c M t a  concl 0.05 1 0.00 NS 
& (Acidity1 1.58 1 0.16 NS 
X, CTW 2.55 1 0 4  NS 
&& -0.60 1 0.02 US 
x,% 5.32 1 1.78 US 
XX 1.39 1 0.11 5 
<<% 1.52 1 0.15 NS 
Error  9 63.7 

Table AZO. ANOtni f o r  AS a t  72  houts  wi th  55316 .- - -  

well  casing. The avt raqe  normalized rtsponae 
was 87.4 a d  t h e  s c a n d u d  dev ia t ion  was 8.3. 

Factor Effecea d t  n5 F s i p  

X, (Metal concl 3.69 1 0.79 NS 
X, (Acidity) 4 1 3.50 NS 
X, (TK1 -7.63 1 3 . 4 1  NS 
XlX -8.51 1 4.23 NS 

x,.: 
X.X. 

Table A21. AHOVA f o r  Cd a t  0 .5  hours with PVC 
w e l l  casing. she average normalized renponaa 
w a s  101 and m e  standard deviation r a a  2.5. 

Tactor Ef fec t s  d I  F 519 

(Metal concl -2.49 1 4.08 NS 
X, (Acidity1 -2.71 1 4.85 US 
X, ITK) -5.13 1 17.4 S 

Xcx, -1.19 1 0.93 NS 

X,% -0.31 1 0.54 NS 

v, 0.41 1 0 . 1  NS 

&x,x, . -1.11 1 0.82 NS 
Error  8 6.06 

1-10 A22. MWA Lor Cd a t  4 hours with PVC 
w e l l  casing.  The dvcraqe norrmlizcd response 
uaa 113  and t h e  s tandard  deviation was 3.7. 

Factor  Ef fec t s  6 2  US r S i g  

X, (netal concl-14.2 1 58.1 VS 
(Acidity) 18.4 1 97.1 VS 

x, (roo -1.90 1 1.04 NS 

X,& -9.70 1 '27.1  S 

qx, 3.95 1 4.50 NS 

&% -0.35 1 0.04 NS 

xi%% -0.10 1 0.00 NS 
Error  9 13.9 

4 

Table A23. AHOVA f o r  Cd a t  8 hours r i c h  PVC 
w a l l  us ing.  The average nornrl ized respons* 
raa 115 and t h e  standard drvibtion was 3.7. 

Faccor Ef fec t s  df M r S ig  

T1Dh U 4 .  AMOVA f o r  C6 a t  24 hours With Pw 
w e l l  c u i n g .  The avt raqe  norrmlized rrcaponaa 
was 116  m d  t h e  standard ddciation war 5.6. 



~ s b l e  us. ANOVA f o r  Cd a t  72 hours w i t h  PVC 
r o l l  casing.   he aversqs nomal lxed response 
wu 114 and t h e  s tandard devia t ion was 4.9. 

Factor  Ef fec t s  df a F Sig 

X, t ne ta l  concl - 2 9 - 1  1 137 VS 
X, (Acidity1 29.8 1 144 V S  
X, (TXI 0.39 1 0.02 NS 
X A  - -20.0  1 65.2 VS 

X A  - 12.3 1 24.7 S 

%% -7.86 1 0 1  S 
xAq 7 . 2 1  1 8.47 S 

8 2 4 . 6  

Table AZ6. LHOVA f o r  Cd a t  0.5 hours with PTFE 
r a u  casing. The average n 0 m l i z . d  rerponse 
wr..&Ol and t h e  rtanadrd devia t ion wu 1.1. 

Factor Effecta  df I S  F Siq 

X, ( n a t a l  concl 0.46 1 0.67 NS 
(Acidity, -2.43 1 18.5 S 

-2.44 1 18.5 S 

Tabla ~ 2 7 .  AUWA f o r  Cd at  4 hours with P m  
v e l l  casing.  The rvaraqe n0rnulix.d rmspolum 
wu 103 and t h e  r t a n d l l d  dev ia t ion  wu 5.1. 

Factor  Eifecca df ns F s i g  

5 ttfotrl. cone1 - 7  1 0.41 US 
& (ACidltYl 0 . 9 1  1 0.11 NS 
x, (roc) -0.04 1 a.oo NS 

5% 0.96 1 0.12 NS 
x,% ' 2.66 1 0.97 NS 
-%& 1.56 1 0.33 NS 
%&% -4.09 1 2.28 NS 
Error  8 29.3 

Trble AZ8. ANOVA f o r  Cd a t  8 hmara w i t h  PTFE 
well casing. m e  average no&iz+d respolum 
waa 103 and che s t a d a r d  dev ia t ion  n a  1.6.  

X, <Metal concl 3.15 1 16.4 S 
X I%.cidlcyr 3 .65  1 22.1 s 

~. 

xi% 0.30 1 0.15 NS 
%%% -2.45 1 9.94 S 
Error 8 2.42 

T a l a  h 2 9 .  ANW t o r  Cd a t  24 hours with P ~ E  
we11 casing. The average normalized r e . p ~ n ~ e  
war 103 and the  standard deviation war 1 . 7 .  

Factor Effects  d l  US r s i g  

Table A30. ANOVA f o r  C d  rt 72 hours with P m  
v e l l  caring. The average norrmlircd response 
was 102 and the  acmdard devia t ion was 2.2 .  

Pactor Ef fec t s  df HS r . Sig 

X ( M t a l  concl -3.92 1 12.7 S 

T a b l e  h31. MOVA f o r  Cd a r  0.5 hours with 55304 
r o l l  u s i n g .  The average no-lized response 
w u  106 and tha  srr.ndard devia t ion was 3.6. 

X, (Hctal concl -6.68 1 13.8 S 
5 ( k i " t Y J  -0.02 1 0.00 NS 
Z ITCCI -5.02 1 7 .82  S 

Tbble A32. ANOVA f o r  Cd a t  4 hours with SS304 
re11 caslng. m e  average no- l i zd  response 
was 117 and the  standard devia t ion was 15. 

X, (Ikt.1 concl - 15 .2  1 4.26 NS 
X, (Acidicy1 28.9 1 15.4 5 
x, tmr -1.16 I 0 . 9 5  NS 

- 1 6 . 7  1 5 . 1 1  NS 



Tabla N3. ANOVA for Cd at 8 hours with 55304 
well casing. The average no-lixed response 
was 116 and the acandard deviation n a  14. 

Factor Effects di KS F Siq 

X, (Hatal conc) -18.9 1 6.86 5 
X, (Acidity) 43.2 1 36.1 S 

X, (TK) -5.35 1 0.55 NS 

x, x, -21.5 1 8.95 S 

x, x, 2.42 1 0 .  NS 

X,X, - -5.22 1 0.53 NS 

XAx; 5.00 1 0.48 NS 

Error 8 207 

T m l e  ~ 3 4 .  ANOVA for Cd at 24 hours with 55306 
u.11 casing. The average normalized response 
was 112 and the standard deviation was 12. 

.=. Factor Effects df Wf F Siq 

X, (uetal cons) -24.6 1 16.4 S 
X, (Acidity1 19.2 1 65.6 VS 
X, tTOC) -10.0 1 2.73 -NS 

y-x% -24.3 1 16.0 5 

X' 5 6.68 1 1.21 NS 

X A  -10.7 1 3.07 NS 

%% 8.18 1 1 1  NS 
Error 8 147 

Table N5. ANOVA for Cd at 72 houra with SS304 
wall casing. Tha 6varaqa nomnlizad rerponr. 
wu 103 and the standard deviation w u  14. 

Factor Effects dz ns r 51% 

x, (natal concl -29.4 1 18.6 s 
X, WAdityl 44.8 1 43.1 S 
X, tmCl -6.65 1 0.95 NS 
5% -31.0 1 20.1 S 
xxx, -0.00 1 0.00 NS 
-%% -2.98 1 0.19 NS 
x:5% 4.22 1 0.38 NS 
Error 8 186 

Table 156. Mom for Cd at 0.5 houra with 55316 
well caring. The average normalized rsspotue 
was 104 M d  the standard devlatlon wad 2.1. 

X, instal concl -5.69 1 29.0 S 
X, (Acidity1 0.66 1 0.19 NS 
X, (TOCI -5.46 1 26.7 5 
3 5 -1.86 1 3.12 NS 
X~X, 5.71 1 29.2 5 
X,X, 0.51 1 0.24 NS 
XLxz5 0.24 1 0.05 NS 
Error 8 4.47 

Table A37. ANOVA f o r  cd a r  4 houra with 55316 
well casing. The average nomlized response 
was 124 md m e  3tandard deviacion was 49. 

Factor Effect5 df HS F Siq 

X, 1Ueta1 concl -52.4 1 4.53 NS 
X, (Acidltyl 53.4 1 7 NS 
X, (5%) -35.1 1 2.03 NS 

%x, -47.5 1 3.72 NS 

x, x> 38.0 1 2.38 NS 

X A  
-32.6 1 1.76 NS 

5% 34.7 1 1.99 NS 
Error 8 2130 

. Table A38. ANOVA for Cd at 8 hour* with SS316 
well casing. The average normalized responae 
was 130 and the standard deviation was 47. 

Factor Effects df MS F 519 

T101+ N 9 .  MOVA tor Cd ac 24 hourstwith 55316 
well casing. The average normalized reaponae 
was 136 and the standard deviacion was 68. 

Factor tffects dK HS F Sig 

x, (mca1 concl -73.6 1 4.70 NS 
X, (Acidity) 78.2 1 5.31 NS 
X, ( T W  -45.9 1 1.83 NS 
%q -66.4 1 3.82 NS 
5% 57.8 1 2.89 NS 
% -57.6 1 2.88 NS 
%q77 51.8 1 2.33 NS 
Error 8 4610 

Table A4O. ANOVA for Cd at 7i hours rick CE316 
well casing. The average nomallzed response 
was 125 and the scandard deviation was 6. 

X, (UeCal concl -76.8 1 5.34 5 
3 (Acidity1 88.5 1 1.09 S 
X, (TOC) -47.0 1 2 .OO NS 

X A  -65.3 1 3.86 NS 

X,X, 48.2 1 2.10 NS 

X,X, -51.3 1 2.38 NS 

XJ, 47.8 1 2.07 N5 
Error 8 4420 



` able A 4 1 .  ANOVA f o r  Cr a t  0 . 5  h o u r s  w i t h  PVC 
c a s m q .  The a v e r a g e  n o r m a l i z e d  responoe  

was 101  and t h e  s t a n d a r d  d e v i a t i o n  mas 1.8. 

F a c t o r  , . E f f e c t 3  d f  US F S i q  

' X, ( m e t a l '  concl -1.68 1 3.36 NS 
X: IAc ld i tyJ  -1 .45 , I  2.52 NS 
X, (TOC) -1.12 1 3 .36  NS 
x,% -- 1.88 1 4.21 NS 
X , X ,  0.90 1 0.97 US 

X A  1.08 1 1 .39  NS 

x,x:x, -1.50 1 2.70 NS 
E r r o r  8 3.34 

T a b l e  A42. ANOVA f o r  C r  a c  4 h o u r s  w i t h  PVC 
w e l l  c a r ~ n q .  The a v e r a g e  n o r m a l i z e d  reaponse  
wasx99.9 and t h e  s t a n d a r d  d e v i a t i o n  mas 1.3. 

' F a c t o r  E f f e c t s  d f  MS F Siq 

X. (Metal  concl  0.96 1 2.15 US 

T l b l e  A43. AHOVA t o r  Cr  a t  8 h o u r s  w i t h  PVC 
me11 cas ing .  The a v e r a g e  n o r m a l i z e d  r e s p o n s e  
was 100 and t h e  s t a n d a r d  d o v i a t i o n  was 1.4. 

F a c t o r  E f f e c t s  d f  ns F s i p  

X, t u e ~ a l  conc)  -1.44 1 4.21 NS 
& (ACldltYl 0 .71  1 1.04 NS 
5  IT^ -1.33 1 3.65 US 
%% -0.71 1 1.04 US 
?? -1.61 1 4.07 US 
%% 1.99 1 8.05 S 
%% -0.09 1 0.02 NS 
EKLOK 8 1 .96  

T a b l e  A44. AHOW, f o r  Cr ac 24 h o u r s  w i t h  PVC 
w e l l  u s i n g .  The a v e r a g e  n o r r m l i z a d  response  
w u  100  and t h e  standard d e v i a t i o n  war 1.6. 

F a c t o r  E f f e c t s  d f  F Siq 

X, ( H e r d  concl  1.75 1 4.77 NS 
X, (Ac id i ty1  0 .15 1 0.04 NS 
X (TOCI -2 .78 1 12.0 NS 

x,x, 
X.X. . , 
x>x, -0.48 1 0.35 NS 
X r X z q  -0 .08  1 0.01 NS 
E r r o r  8 2.57 

T a b l e  A4S. ANOVA f o r  C r  a t  72 hours  w i t h  PVC 
w e l l  c a s i n g .  The average normal ized  r e s p o n s e  
was 101  a n d  t h e  s t a n d a r d  deviacaon was 1 . 0 .  

F a c t o r  E f f e c t s  d f  US F s i g  

X, (Uecal  c o n c )  2 .71  1 8 . 8 0  S 
3 ( h c i d i t y )  -1.39 1 2.30 NS 
X, (TW1 0 .69  1 0.57 NS 

-1.11 1 1.48 NS 

. . .  
E r r o r  8 3 .35  

Tab le  A46. ANOVA f o r  Cr  a t  0 . 5  h o u r s  w i t h  PTFE 
m a l l  c a s i n g .  The r v e r a q a  n o r m a l i r e d  c e s p o n r a  
was 101  a n d  t h e  s t a n d a r d  d e v i a t i o n  mas 0 .7 .  

<<? 0 . 4  1 1 .5! NS 
E r r o r  8 0.51 

Tab le  M l .  ANOVA t o r  Cr a t  4 hours  w ~ t h  PTFE 
w a l l  c a s i n g .  The a v e r a g e  normal ized r e s p o n s e  
raa 101  and t h e  s t a n d a r d  d c v i a t l o n  w a s  1.1. 

x t h c U  c o n c l  1 .49 1 7.73 s 
X; ( A c i d i t y )  0.98 1 3.33 NS 
X, I T W  1.47 1 7.47 S 
XX -0.13 1 0.06 NS 

4.: -0.97 1 3.25 NS 
%% 1 .09  1 4.14 NS 

X,X,5 -1.49 1 7 .73  s 
E r r o r  6 1 .16  

T a b l e  A48. ANOVA f o r  Cr  a t  8 h o u r s  w i t h  PTFE 
w e l l  c a s i n g .  The a v e r a g e  n o r m a l i r e d  r e s p o n s e  
was 98.9 and t h e  s t a n d a r d  d e v i a t i o n  was 1 .9:  

X, (Metal  conc l  -3 .16 1 1 1 . 0  S 

X, ( A c i d i t y )  -0.79 1 0.68 N 5  

X, ITOCI -1.46 1 2.35 N5 

x~ % -3.21 1 11 .3  

%% 2.26 1 5 .62 5 

v, 4.49 1 22 .1  5 

x&'i 1 . 4 1  1 2.19 N 5  

E r r o r  8 3.64 



Table A49. ANOVA f o r  C r  a t  24 hours  wi th  PTFE 
w e l l  c a a i n q .  The a v e r a g e  normalized response  
was 101  and che  s t a n d a r d  d e v i a t i o n  was 2.4.  

x,  (Metal  conc! -3.16 1 11.0 S 
X, ( ~ c i d i t y l  ' 0.28 1 0.05 NS 
X, (1OC) -1.22 1 1.06 NS 
X,% 0.00 1 0.00 NS 

x,x, -0.95 1 0.63 NS 
X:X, - -1.00 1 0.71 NS 
x,x,x; -1.98 1 2.77 NS 
E r r o r  8 5.61 

l a b l a  A50. ANOVA f o r  C r  a t  72 hours  with PTFE 
w e l l  c a s i n g .  I h e  a v e r a q e  normalized response 
was 100 and t h e  s t a n d a r d  d e v i a t i o n  w a s  1.3. 

_ F a c t o r  E f f e c t s  d f  t lS  F S i g  

x (Uecal concl 3.59 1 31.8 S 

T a b l e  A51. ANOVA f o r  Cr a t  0.5 hours  wi th  SS304 
w e l l  c a s i n g .  The a v e r a g e  n o n M l l z e d  respcnsa  
was 101  and t h e  s c a n d a r d  d e v i a t i o n  u a 1  1.6. 

F a c t o r  E f f e c t s  d f  W F S i q  

X, (Metal concl -0.99 1 1.50 NS 
X, (Acid i ty )  -1.19 1 2.16 NS 
X, ITOCI -0.09 1 0.01 NS 
5 % 0.71 1 0.78 NS 

1 .01  1 1.57 NS 
X,X, -0.64 1 0.62 NS 
X>%% -0.29 1 0.13 NS 
E r r o r  8 2.61 

Table  A52. ANOVA f o r  C r  a c  4 hours  wi th  SS304 
w e l l  cas ing .  The a v e r a g e  normalized rcaponse 
n u  95.7 and Che s t a n d a r d  d e v i a t i o n  m a s  3.7. 

F a c t o r  E f f e c t s  df tlS F S i g  

X, (Metal conc) -1.39 1 0.56 NS 
5 (Acidxtyl  -7.14 1 1 4 . 7  S 
X, ITOC) 1.96 1 1.11 NS 
X:X: -2.11 1 1.29 NS 
X.Xx -0.81 1 0.19 NS 
x x, -0.86 1 0.22 NS 

f a c t o r  LfCec ts  df ES F 519 

Table 54. ANOVA f o r  Cr a t  24 hours  wl th  SS304 
wel l  cas ing .  The average normalized response 
was 103 and t h e  s t a n d a r d  d e v i a t i o n  was 37. 

Effect. df IS F S i q  

X, (Xcta l  concl -7.74 1 0.17 NS 
x, ( k i d i t y )  3.46 1 0.03 N S  
X, ITOCI 20.3 1 1.20 NS 

X,? -11.0 1 ' 0.35 U S  

xA -18.6 1 1.00 NS 

5% 19.2 1 1.07 NS 

X)%% -20.9 1 1.26 NS 
E r r o r  8 1380 

Table A55. ANOVA fox CI LC 72 h o u r s  u l t h  55304 
w e l l  cas ing .  The avcraqe  n o ~ l r z e d  response  
was 103 m d  t h e  s t a n d a r d  deviation was 42. 

X. tUe ta l  conc) S.50 1 0.07 NS 

Table A56. ANOVA f o r  Cr  a t  0.5 h o u r s  with.SS316 
wal l  c a s i n g .  The average  no-lired r e s p o n s e  
was 102 and t h e  s t a n d a r d  d e v i a t i o n  was 1.5.  

X, (Heta l  conc) -1.51 1 4.43 NS 
X: (Acid i ty )  -1.49 1 4.17 NS 
X, (TOCI 0.59 1 0.65 NS 

X,X; -0.34 1 0.21 NS 

X,X, 1.69 1 5.37 5 

X:X, -0.49 1 0.45 NS 

X,X,X, -0.89 1 1 . 4  NS 
Error  8 2.12 



Table A57. ANOVA for Cr at 4 hours with 55316 
well ca.inq. ~ h c  averaqe normalized rcspcnle 
was 92.1 and the standard deviation Was 5.2. 

 actor EtLecta dt HS F Siq 

X, (Metal concl -6.54 1 6.20 S 
X, IAcidicyI -10.3 1 15.4 S 
X, ITDC) 10.0 1 11.6 5 

x:]i - -5.99 1 5.20 NS 

X,X, 0.11 1 0.00 NS 

*A 6.54 1 6.20 S 

x,x:x, 0.11 1 0.00 NS 
Error 8 27.6 

Tabla A58. ANOVA for Cr at 8 hours with SS316 
well casing. The average normalized response 
was 81.2 and the standard deviation raa 10. 
$ 
' Factor Effects df IU r Sig 

< (103 - 11.8 1 5.46 S 
xc % -9.19 1 3.32 NS 
X.X. -1.59 1 0.10 N3 

x:< 10.6 1 4.42 HS 
Xt&% 1.99 1 0 1 5  NS 
Error 8 102 

Table A59. ANOVA for Cr at 24 hours vith 55316 
well casing. The averaqe normalirhd responsa 
was 85.5 a d  the standard deviation vas 11. 

FaCZur Effects df WS P Siq 

(netal concl -9.91 1 3.32 HS 
% (Acidity) -22.4 1 17.0 S 

CluCl 17.4 1 10.2 S 
xr% -11.9 1 4.77 NS 
%% -1.11 1 0.10 NS 
1% 11.4 1 1.42 NS 
Xt'i'5 2.26 1 0.17 NS 
Error 8 118 

Table A60. W O V h  for Cr at 11 hours with SS316 
vall casing. The averaqe no&ircd response 
war 83.6 and the standard deviation was 9.9. 

X, (Metal concl -5.86 1 1.39 NS 
X, (Acidity1 -22.6 1 20.7 S 
X, (TKI 18.8 1 14.3 S 
X.X -7.66 1 2.38 NS 

3.64 1 0.4 NS 
Error 8 98.6 

Table A61. W O V A  for Pb at 0.5 hours wlch PVC 
well casing. The average normalized rc3pon.c 
vas 99.9 and the standard devlatlon was 0.9. 

Factor Ef fec ts  df MS P S q  

X, (net11 C O ~ C I  -0.09 1 0.01 NS 
*, iAcidlry1 -1.06 1 5.52 S 
X, ITCCl -0.61 1 1.83 NS 
xt 5 0.74 1 2.66 NS 
xA 2.09 1 2 1 . 3  S 
xA -0.01 1 0.01 NS 
%?% -0.84 1 3.43 NS 
Error 8 0.82 

Table A67. ANOVA for Pb ar 4 hours virh PVC 
wall casing. m e  averaqe normalized response 
was 88.9 and tho standard deviation was 3.0. 

Factor Effects df MS F Sig 

X, (natal cone1 -0.71 1 0.22 NS 
x, (Acidity) -4.16 1 7.54 5 
x, (Too 5.89 1 - 15.1 S 

x,% 2.34 1 2.37 NS 

xA -3.21 1 4.49 NS 

qX, 4.84 1 10.2 5 

XAx, -1.11 1 1.28 NS 
Error 8 9.19 + 

Table A63. W W A  lor Pb at 8 hours with PVC 
w e l l  using. The average normalized response 
was 89.3 and the atandArd deviation was 3.5. 

Faccor Effects dt nS F Siq 

x, (Mtal concl -2.96 1 2.84 N S  
x, <Aciffltyl -0.06 1 0.00 NS 
& (IcCi 7.46 1 18.0 S 
x,6 -0.79 1 0.20 NS 

x,% -0.41 1 0.06 NS 
%% 3.64 1 4.27 NS 
XJA -2.54 1 2.08 NS 
Error 8 12.4 

Table A64. ANOVA for Pb at 24 hours with PVC 
well casing. The average normalized response 
was 80.8 m d  the standard deviation vas 5.1. 

Factor Effects df 115 F siq 

X. (Metal concl -2.78 1 1.20 NS < (~cidicyl -10.1 1 17.9 5 
X, ( T W )  13.9 1 30.1 5 

X A  0.30 1 0,01 NS 

xix, -3.55 1 1 . 9  N5 

xa & 7.95 1 
9.81 S 

x,&& -2.68 1 1.11 N5 

Error 8 25.7 



=able  ~ 6 5 .  hNOVR Cox Pb a t  72 hours v i rh  PVC 
w e l l  c a s i n g  The average no-lired respanat.  
was 74.3 and the  s tandard  devia t ion was 6.4. 

Factor Ef fec ta  d i  US E Siq 

X, (ue ta l  concl 0.20 1 0.00 NS 
X, (Acidity1 -11.7  1 13.3 S 
X, (TK1 19.2 1 3 5 . 1  S 

XI? . 1.67 1 0.27 NS 

qx, - -2.75 1 0.73 NS 

x,x> 0.02 1 6.23 S 

XXXA -2.98 1 0.86 NS 
Error 8 41.4 

=-la R66. RHOVA f O L  Pb it 0.5 hours r i t h  P m  
The average normalized reaponae 

-100 and the  s tandard  devia t ion was 2.6.  
% 

X, (net61 concl 0.12 1 0 . 0 1  NS 
X, (Acidity) 1.25 1 0.96 NS 
X, (TOCI 0.92 1 0.52 NS 
X.X -0 .08 1 0.00 NS 

x:< 1 . 4 0  1 1.20 NS 
X,& 0 .28  1 0.05 NS 
XXX -1.95 1 2.32 NS 

~ r b l e  A67. ANOVA f o r  Pb rc 4 boura wltb P3TE 
w e l l  casing. The av-raga normalized raapana. 
WM 97.4 urd t h e  s tandard  devia t ion was 1.9. 

Factor  E f f e c t s  df us r s i p  

x, ( m t a l  concl 3.30 1 11.8 S 
X, (Acidity1 0.88 1 0.83 US 
X, t T W  -0.42 1 0.20 NS 
3% 3.28  1 11.6 S 
xA -4.52 1 22.3 S 
&& -2.65 1 1 .61  S 
x~-%& -2.30 1 5.73 S 
Error  8 3.69 

Table A68. WOVA f o r  Pb a t  8 hours ritb P m  
W e l l  casing. The averaqe no-xed reaponae 
was 98.5 and tho s t anaa rd  devia t ion uas 3.2. 

X ,  Wets1 concl 1 .24  1 0 .61  US 
(Acidity] 3 . 8 4  1 5.90 S 

X, t T W  0.66 1 0.18 NS 
x,% - 3 . 2  1 4.13 US 
% -0.09 1 0.00 NS 
x, & -1 .49 1 0.89 NS 
xr%% 2.11  1 1.79 NS 
Error  8 9.98 

Table ~ 6 9 .  ANOVA fo r  pb a t  24 hours with P m  
well casing. t h e  nornullzed renponae 
waa 95.1 and t h e  standard devia t ion waa 4 . 0 .  

Factor E f f e c t s  df HS F S i y  

X, tliecal concl 0.08 1 0 .00  NS 
(Acidltyl -2.15 1 1.86 NS 

X, (TCCI 4.75 1 5.56 S 

x2 5 -3 .38 1 2 . 8 1  NS 

x b  3 -0 .68 1 0 .  NS 

qXa -0.25 1 0.02 NS 

Xt?% -0.4B 1 0 . 0 6  NS 
EKIOC 8 16.2 

Table AlO. W W A  f o r  Pb a t  72 hours wi th  P m  
w a l l  casing.  Th= avaraqe noraal izsd  response 
was 89.9 m d  t h e  stand4rd devia t ion w a s  3 . 4 .  

x, ( m t a l  conc) 5.96 1 12.3 NS 
X, (Acidity) -4.49 1 6.99 S 
X, (xlo 8.16 1 ' 2 3 . 1  S 
3& -1.21 1 0 . 5  NS 

3.4 - 1 .  1 0 . 7 9  NS 

&& 0.94 1 0 .31  NS 

%%% -2.89 1 2.90 NS 

Table A l l .  ANOVA f o r  Pb a t  0.S hours with 55304 
-11 using. The av.raq. n o n d i ~ o d  response 
was 102 m d  t h o  s t M & r d  devia t ion w a s  0 . 8 .  

Factor E f f e c t s  df US r S i p  

x, cMcstal conc) 0.05 1 0.02 NS 
X, (Acidity) 0.50 1 1 . 5 1  US 
X, ITCcI 0.08 1 0.04 US 
%& -0 .82 1 4.26 NS 
%% -0.35 1 0 . 7 7  US 
x,% -0.80 1 4 . 0 1  NS 

x,&& 0.52 1 1 . 3  NS 
Error  8 0 .64  

Table A12. W W A  f o r  P b  a t  4 hours r i t h  55304 
w a l l  cas ing.  The average nom.alired response 
w a s  78.4 m d  t h e  s t m d a r d  devia t ion war 3 . 5 -  

X. ( e t a 1  conc) -4 .48  1 6 . 6 1  S 



Tablc A73. ANOVA for Pb at 8 hours with SS304 
well casing. The average nofmallred reaponse 
was 69.9 and the standard deviation was 3.1. 

Tlble A74. AUOVA for Pb at 24 hours with SS304 
wall casing. The average normalized responae 
was 53.8 and the stand6rd deviation was 4.2. 

< 
Xactor Effects df us r siq 

x, ( ~ ~ c a l c o n c l  -4.04 1 3.67 NS 
% fhcidity) 10-4 1 209 VS 
X, ( ~ 0 ~ 1  26.6 1 161 VS 
x,% -4.74 1 5.09 NS 
x,x> -6.39 1 9.26 S 
&% -0.26 1 0.02 NS 

X,%% -1.89 1 0.81 NS 
Error 8 17.6 

T a l e  A75. AUOVA for Pb at 72 houra rich 55304 
well casing. The average nomlizcd response 
wal 45.2 and the rtand6rd deviation wan 6.1. 

X, (natal caner -0.78 1 0.06 NS 
% IACldityl 31.4 1 106 VS 
X, (TCCI 24.8 1 6S.a VS 
%% -0.18 1 0.00 HS 
% *> -3.65 1 1.43 NS 
q? 3 . 2  1 1.49 NS 
x:%% -2.30 .l 0.51 NS 
Error 8 37.3 

Tabla A76. W O V A  for Pb at 0.5 houra with 55316 
well casing.. The average normalized raaponse 
was101 and the standard deviation was 2.5. 

Faccor Effects df KS F siq 

fable A77. ANOVA for Pb at 4 hours with 55316 
well casing. The average normalized response 
war 80.3 and the standard deviation va. 7.7. 

Factor Effects d f  ns F S I g  

X, uiec11 concl -11.0 1 8.14 s 
& (Acidity1 14.4 1 13.8 S 
X, (TOC) 14.8 1 14.7 S 

Xt% -2.25 1 0.34 NS 

x>% 0.80 1 0.04 NS 
xx x, -5.05 1 1.71 NS 
x,%% 6.12 1 2.51 NS 
Error 8 59.7 

Tablc Ale. ANOVA tor Pb ac 8 hours with SS316 
well caaing. The average normalized response 
-65 80.4 and the standard deviation war 10. 

Table A19. M W A  for Pb at 24 hours with 55316 
well caainq. m a  average no-Used zsspanae 
was 79.3 m d  the stmdard deviation was 19. 

x, cwtal cons) -21.4 1 5.23 NS 
(Acidity1 17.1 1 3.58 NS 

x, (zoo 29.6 1 10.0 S 

%% -5.02 1 0.29 NS 

' 7 3  
2.60 1 0.08 NS 

%% 3.20 1 0.11 - NS 

x A %  -0.40 1 0.00 NS 
Error 8 351 

TableMO. ANOW, for Pb at 72 hours with 55316 
well caainq. m e  average n o ~ l i z e d  reaponse 
was 72.0 and the standard deviation was 17. 

ractor Effects 6f I S  F si9 

--,~-, . . ~ ~  

x a  % 6.40 1 
0.56 NS 

xz% -6.82 1 
0 .64  NS 

X A x ,  -1.10 1 
0.04 NS 

Error B 293 
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Ba&gnlund 
Several different material have been used in 

the manufacture of well casings and screens for 
monitoringgmund water. These mat& indude 
virgin f l u o d n  resins tie, 5uorinated ethyl- 
ene prcpylene 0, po ly te t rduoroe~y l~e  
~andT&nRl).andsQkJcssstrr1(304.3Ib. 
or 2205). cast iron, gaivanized steel. polyvinyl 
cNoride(WC), polyethylene (PEL epoxy bisphc 
nolsndpolypmpyiene(PPlNS.EPA 1986). Und 
relatively recently (1985) W C  was the pfcxed 
Qsing materiaL However, in 1985 the initial drah 
of theUS.EPA's "TkwurceConxrvation and Ke- 
may Act (RCRA) Cmund-Water Monitoring 
TedrnicalEnforr~mmtGuidYur Document" was 
published.This documentstated " i n c o n s ~ g  
w&.theowner/opaabxshouLd wT&n.Slain- 
less Steel 316. or other pmven chemically and 
physically stablematcrialr" 
The EPA's concern was that many of the mate 

riaL commoniy wdingrwnd watermonitoring 
affected the quality of the samples or did not have 
the long-term shuctural EhKacteirtticr requked 
of RCRA monitoring w e b  The EPA document 
stated that "steel- deterioratedin mnosive 
environments: W C  deteriorated in contact with 
ketones, esters and aromacichydmcarbop: poly- 
ethylene deteriorated in cuntact with aromatic 
and halogenated hydmcarbans: and polypmpyl- 
ene deteriorated in inntact with o m g  ad&. 
aliphatic hydroash% and aromatic hydrocar- 
bons." The EPA was also concerned that steel, 
FYC, polyethylene and polypropylene might ad- 
sorb or leach constituents, thereby affecting the 
composition of the ground water samples. 

Becaw of the fumr that followed publication 
of the initial drsh of this document, the require 
ment was reduced slightly in the final version. 

This version stated that "fluorocarbon resins or 
stainless steel should be speafied for use in the 
saturated zone when vokcile o r g a ~ ~  are to be 
determined or may be tested, during a 30-year 
period" NS. EPA 1986). The RCRA document 
further slated that 'National Sanitation Founda- 
tion (NSD or ASIM-approved pol+yl chloride 
(WO wellcasingandsmensmay beappropriate 
if only trammetah ornonvolatileooganio are the 
contaminants antidpated." 

It is generally recugnized that metd p i p  can 
c o d e .  that polymericmate~suchas PVC, PE 
and PP can soften and swell in the presence of 
either pure or highly concentrated ~ l u t i o n s  of 
some organic soivrnts. and that fluompolymers 
are resistant to attack by almost all chemical S F  

as. Howwer,in ground watermonito&g situa- 
t io~ver~hi~hco~centratio~orneatsolven~ are 
d y n o t  enmuntered.Therefore, WC casings 
may de suitable for monitoring organics in the 
concentration range most commonly found. This 
report focuses on the interactiom between well 
casings (WC. PT'FEandstainlew steel) and uace- 
level o r p i c  constituents. 

Litenhue review 
Ideally thelong-tenninteracdon beweena well 

casing and the gmund water being manitored 
shouidnotrsultingain or loss of anatyteor inter- 
ference with the analytid method used for deter- 
mination. Analyte loss can result fromsorption of 
d y t e  by the casing material, from h e m i d  or 
miaobiologicd desmction of the andyte as a re- 
sult of interaction with the surface. or leachurg of 
a substance from the casing matenal. 

MasseetaL(19811ou~d the factors involved 
in sorptive iosses of metals on containeK: 

I .  The chemical name of the analyte and ib 
concentration. 

Z T h e d w a c t e ~ t i a  of the solution4he p r e -  



ence of adds. dissdved material, cornpi-g 
Bgenb. disolved g- (e5pedally oxygen), sus- 
prided matter. and miaoorganimrr. 

3. The prOpertie5 of the container--chemical . composition, d c e  mughness. nrrface cleanli- - ness. relative surface area. history (i.e., age. prior 
cleaning, and previous expurel. 

4. External factors- temperanuc. contact time. 
access of light, and agitation 
These factors are g e n d y  apptimble to well 

casing materials, and many of them are also a p  
plicable whenconsidering thewrptionof organics 

'i 
from solution 

There have been several studies examining the 
sorption of organia by rigid WC t a w m u e  and 
Tosine (1976) found that PVC chips were qun 
efiiaent inadsorbing PCBs tmmwaterand waste 
water. However, WC a+ to be effective 
only at sorbing PCBs when their concentrah-is 
were dose to their solubility limib* 

Pettyjohn et al(1981) daimed that metal nu- 
hcescanakonronglyadsorborgaaicwmpOunds. 
Although they did not piacnt m y  supporting 
data, they daimed that, for -pie, DDT is 
smngly adsorbed by stables s t d  

Miller (198t) conducted a sixweek labontory 
shdy thattested threetypesofwelldgmateri- 
&. induding schedule 40 W C  for sorption of 
trice lev& (244 pg/L) of sir while organics. 
Thesubstanas tesndwerebmmofo~m, tridJar0- 
fluommethane, &hbm&yieneene 1.l.laichloro- 
ethane, 1.12-hichlorocrhane and teaachlannth- 
yiene. While the dafa he presmted were only 
s e m i q u a n t i t a t i v e . ~ ~ a ~ t o  
be sorbed by the W C  casing mattrial 05 to 50% 
lossafterhL:w&LItisnctdearwhy thiscorn- 
poundwasprekrentjaUymted.H~~~~er,itmul 
be that its p k w  geomctrp allowed it to more 
easily p e n e k e  thepores of the p o l p e r  (Berens 
and Hopfenberg 1982,Parka dJ& 1986). 

Cumin and Tomson (1983) tested five plasticr 
for adsorption of tace 1- (05 pg/U i f  naph- 

This study was per6nnedbyp&ing ;set vol- 
ume UOL) of theaqueousorganicsolution thmugh 
the tubings. The data they reported were only 
semiquantitative. but they estimated that BO-100% 
of both of these organia were &verrd 

Houghton and Berger (1984) compared ad+ 
cent welt. made of W C  and steel, to asses the 
effect that composition of the well casing material 

had on the composition of sampled water. These 
wells had been in the ground for two years. Each 
weU wasonly sampled twice. Although they found 
that concenuations of dissolved organic carbon 
and total organic cartwn were 10% higher in the 
PVC weUthaninthesteelwell. the PVCcasing was 
joined using organic solvents. which may explain 
theelevatedorganiccarboncontent. Perhaps then 
most sign&cant finding was that sampling meth. 
ads had a greatueffect on theground water com- 
position than the type of casing. 

Our labomtory studied the suitabity of WC 
well Qsingr for monitoring low levels of military 
munitions and their breakdown product5 (Parker 
and~&1986).S@dy,thesubsgncess~d- 
iedwere2.4.6-ainimtoluene~. hexa-hydru- 
1,39hkriho-1,3,5-triazine (RDX), octahydml3. 
5,7-tetzanitr~l$,S,7-tehaz&e (HMX) and 2.4- 
dinitrotolume(DND.Ourinirialsrudy,c~nducted 
for80daysundernon-stcnlecondinons. indicated 
sign&antlossof TNTand ton l ewr  extent HMX 
intheprrsenccofWC weilcasing.Howwer.ii21- 
d a y r d I l o w ~ ~ s t u d ~ , c o n d u n e d ~ ~  bothsterile 
a n d n o ~ t e d e c w ~ o n s .  indicated that TNTloss 
seemed m k aswhted  with increased microbial 
depdation in the presence of W C  rather lhan 
xlrption by WC In the nonsterile samples. loss 
wasonly 4% g~eateraftaZ1 days than whencom- 
pared with the conhols. 

Reynolds and GiRbam (1986) have conducted 
perhaps the most definitive study on PVC and 
FTFEmateriah to date. kr a labomtoy study they 
determined thesorptionof low lwek of five halo- 
genated cornpour& by six p o l y m h  mamatenals 
including rigid W C  rod and F'TFE tubing. The or- 
ganic compounds tested. in concenuations rang- 
ing fmm 20-45 wg/L. were 1.1.1-aichloroethane. 
1.122-tehachloroethane, bmmoiom teaachlor- 
oethylene Md hexadomthane. 

For each polymer, several pieces were placed 
into sixty IGmL hypoviais, which were then 
filed with the aqueous organic solution without 
headspace andsealdThrrtyconml~ampl~ were 
prepared identically except that they did not con- 
tain any added polymer. The results were ex- 
pressed bytakingthehnalconcentration Cand di- 
vidingit by the initial Eoncentration C,. A relatwe 
concentration of 1.0 reprsented no sorption 

B o t h ~ ~ ~ d F T F E ~ ~ r b e d f o u r o f  the fivecom- 
pounds tested. Srption was generally slow: d e  

in ~ l u t i o n  concentratlam Were general1" 
less than5395 afterj wek,except fOr te~chtor~-  
ethylene. which was reduced by 50% in aPprou- 
mately 8 horn  by KFE. Reynolds and CiUham 



I 
(1986) determmed the m e  at wluch the relahve 
concentnoon (CI'CJ was reduced to 0.9 tor each 
~olvmerand then ranked theminorder.Tl\t! order 
;he;ompounds weresorbed varied betwernpoly- 
mers. Reynolds andCilham (1986) compared this 
order of loss with the compounds' octanol/water 
partition coefficient (log KO_), undecane/water 
partition coefficient and solubiip in water, but 
they did not find any rektionship (Table Al). 

They attributed the loss by thepolpner materi- 
als to absorption. They developed a model where 
uptake of an organic compound first proceeds by 
sorption/dissolution into the polymer surface, 

-i followed by diffusion into the polymer matrix. 
Their analytical mode! is given in eq 1: 

where C = concen~tioninsoluhb(~g/L)attime 
t (sec) 

CO = initialsolution cuncenaation (pg/L) 
C/Co = relativecuncentration(dimarswnl~~~ 

K = partition coeffiaeut between the or- 
ganic compound in solution and the 
polymer (dimensionless) 

D = diffusion coefficient in the polymer 
(an'lsec). 

The product of K and D is d&ed as the permea- 
bility cdf iden t  (P). 

Usingthismodel.Reynol& andGillham(1986) 
fitted the curves through the data and found rea- 
sonable agreement between eq 1 and most of their 
experimental results. They were unable to fit a 
w e  through the daia for absorption of bromo- 
formby l'TFEorl,l,l-hichlomethane by WC,be- 
cause they aid not measure any absorption of 
thesecompoundsafterfiveweekr.Thq.aLofound 
that after three week hexachloroethane and bro- 
moform were more rapidly absorbed by WC than 
eq 1 predicted However, enhanced biodegrada- 
tionin thepresenceofPVC (similartowhatParker 
and Jenkins (19861 observedwithnitroaromatia) 
could also explain this additiondloss. fhey noted 
additional peaks in the duomatograms of these 
samples: thesepeak.weresimilartoonesthey had 
observedindegradedstodcsolubbnrofbromofom 
and hexa~orwthane.Noprecautions were taken 
in their study topreventbiodegmdation of the an- 
alytes. 

Reynolds and Gillham (1986) felt that their re- 
sults for PVC compared well with those from Mil- 
ler (1982). except for the results for bromofonn 

with PVC. Miller noted no loss aiter six weeks, 
whereas they found 45' loss aiter iive weeks. 

Revnolds and Gillham (1986) concluded that 
PVC absorption was suffiaentlyslow so that any 
resulting bias would most Likely not be significant 
for these compounds, provided the well is devel- 
opedand sampled on thesarneday.Theyalsocon- 
duded that thesame was true for MFE except for 
teuachloroethylene. However. they did n i t  feel 
they had sufficient data to recommend theuse of 
PVC over MFE, and they also could not predict 
which organicchemicals were most susceptible to 
absorption. Moreover, we feel that some caution 
shouldbeused when extrapolating their datasince 
they did not use actual well casings. 

Sykes et aL (1986) evaluated sorptive losses of 
organics by well casing mate& in a Laborator). 
study thatmay moredosely para l l e la rea lpmd 
water monitoring situation. ConWl samples. 
which contained only the aqueous organic solu- 
tion, were compared with samples that also con- 
tainedeither piecesof PVC.stainless steel or FTFE 
well casing. The organics tested were methylene 
chloride. ll-dichloloetfiane, ban+l2-di&oroeth- 
ylene. bichloroethylene, toluene, and chloroben- 
zene.Conceihations ranged from 87 to 150 pg/L 
After seven days at S'C, solutions were dffanted 
andreplacedwithMsolution(at theinitial mn- 
cenhations).Samples werethentakenafter 1 hour, 
the sample solutions were again refreshed. and 
final samples were taken after 24 hours. They re- 
ported that for bothexposure times and all o&- 
io tested. the mean va lu s  for the solutions ex- 
posed to~singmaterials (threereplicatesamples) 
were u.suaUy within 1 standard deviation of the 
meanconmlvalues(ninereplicatesamples).They 
concluded that there were no statistically signifi- 
cant differences between the conaolsampls a d  
those containing well casings. 

Barcelona andHelfrich (1986) conducted an in- 
situstudy to determine the effect of well C O P S ~ ~ K -  

tionmaterialonthereliabiiy of determinations of 
organic chemicai constituents in ground water. 
They consbuned adjacent wells at uppd i en t  
anddowngadientlocatio~ at twosanitarylandfiu 
sites. Casiig materials were MF'E. 304 stainless 
steel, and PVC. No solvent cements, threaded 
joints, or uncommon materials were employed in 
well construction. Their findings are based on 
samples taken once a month for 6 month. 

At site 1 Barcelona and Helfrich (1986) Zener- 
ally found, at the downgradient location. higher 
levels of total organic carbon content in 
samples from the stainless steel and Teflon wells 



than homthePVC we&Thelwehof 1.1-dichloro- 
ethane ( K R  were generally higher in samples 
taken from the downgradientTeflon and stainless 
steel wells than those taken from the PVC well. 
The values for &-I~-dichloroethylene (-1 
were considerably higher in the samples taken 
from the stainless steel well than in thae  from 
either plastic-lined well. 

At site2 thelevek of DCE were 10 times higher 
~han at site 1. In conbast to site 1. the levels of 
purgeable organics were consistently higher for 
the WC welIsamples than fortke stainless steel or 
Teflon samples. The concentration of DCE was 
two times greater for the sample from the W C  
weUthanforthosefromthestainlesssteelwell. Be- 
causethese~ell~were~nlyabo~tl maparr,Barce- 
lona and Helhich feltit unlikely that the;v had in- 
tercepted ground watn of different rnimxonsti- 
tuent quality. However, while theyconduded that 
well casing materials exaed significant, though 
unpdxtable, effects on the determination of to- 
tal organic carbon and spcdlc volatile organic 
compounds, we feel a much larger statistical base 
than two data sek is needed before any condu- 
siom of this type can be drawn. Also. other differ- 
ences in the construction of the wells may be r e  
sponsible for these differences. 
Go- and Hegg (198'7l compared t h e  sam- 

plingdevins,,indudingahMdmadeTeflon bailer 
and a PVC bailer, to determine their effects on the 
recovery of three volatile organic compounds in 
gmundwatet.Thethreemganiaused~ere&~ 
form, benzene and 12-dichIomthane~ the initial 
concenaations were 749,439 and 62B mg/L, re- 
spctively.Theywdtwocrcprimcntdwells:one 
constructed with WC casing and the othex with 
sblinless st& Basedon andysis of variance. they 
W e d  that nather sampk type nor well casing 
material had a signihcant &en. However, with 
only one sampler of each type of marerial and no 
reponof thenumber of replicatesamples, we cau- 
tion against exfzapoiating &ex results to a larger 
population of samplers or casings. 

In a laboratory study, Jones and Miller (1988) 
examined several different well casing materials 
forsorption of several hacelevel(pamper billion) 
organiccomfiluents. Thernaterialsinduded PVC, 
ABS. Teflon. stainless steel 304, and Kynar (poly- 
vinylidene fluoride or PMV). Although they 
found losses for most of the compounds tested, 
there were no ronnol samples that could be used 
forcomparisonrhaefo~~l-could result fmm 
sorption by the glass conainm or Tenon ~ p s ,  or 
fmmchemieldegradationorbicdegradationsince 

no precautions were taken to prevent biodegrada. 
tion 

Aside fium possible lossesdue tosorption.cas- 
ings may leach substances that could interiere 
with analyses or could cause, or aid in. alteration 
of the analyte in question. 

Severakornponents of rigid WC mav possiblv 
leach. These components include vinyl chloridh 
monomer (VCM). thermal stabiien, pigments, 
lubricants. fillers. impurities. and tnnsformarion 
products. While older studies (8anzer 1977 and 
Dressman and McFarren 1978) found that sigruh- 
cant concerthations of V h l  leached from PVC 
pipe into water, this problem has k e n  greatlv 
moderated byreducing theresidualVCM levels in 
the resin and hnished products (Barcelona et al. 
1984). While we were not able to find much spe- 
cSc information on the substances used as ther- 
malstabilirers in W C  weUcasings,in the Un~ted 
Stater orgametin compounds have been widely 
used in W C  potable water pipes (Boettner et al. 
1981). Lead compounds are more widely used in 
othap~moftheworlddasGmatBrirain.Spe 

oqano4n compounds used ih the US. in- 
dudemethfi-,butyl-,andql-tinesten oflauric. 
malei.=andMioglycolLacids(Boettneretal19811. 
Othu stabilizers that have received approval for 
u s  in potable warn pipes indude compounds 
containinganrimmy,antimon~dd1~-Lin~. 
and zinc (Mc aelland 1981). While the inorganic 
componenk of stabilizers have been found to leach 
h m  W C  pipe at meanuable levek CPackAan 
1~&~CIorsetaL1974DieoetaLlSn.,Boe~er 
et aL 1981 and McC1elland 19811, there is little in- 
fonnaiionrrgardingieachingoftheorpuccompo- 
nena. besumably organicspas are less soluble 
and theretore would not leach as readily. Metal 
l&gisgeates?ini~y(mmtlyOcCUrringwith- 
in t h e h t  few days) and cm be reduced by either 

197i a a n d s ~ h i s m a ~ a l s o b e  true with respect to 
leachingorganic constituents. Phticizerx (phtha- 
late esters) are aJso components of flexible WC 
products, but we would not expect to see them 
leaching fmm well casings since ngid PVC prod- 
u&donotcontainthem(plastidzenare added to 
give flexibility). 

In addition to the a d  compnenh of well 
casing mat& that may leach substanca into 
ground water, well askgs that have been joined 
by solvent bonds a n  sigdcantly leach the sol- 
"ens used to ioin the ~ i m  (BoPmer et al. 1981. . ~ 

Sosebee et al' 1982). tdmmonly wed bonding 



solve& are t e t r a h y d r o h e  ~ldohexanone, 
~e~vlethylketone~andmethylisobu~ketone. ~ e -  

these solvenu have been detected leadring 
;,,to ground water several m o n b  after installa- . tion of monitoring wells (Sosabee et al. 1982 and 
m e r  19821, it is generally recommended that 
o& casing3 and bailers with threaded pine be 
us& for ground ~aterm~~t~ring.Th~e~olvenb 
the also dissolve some of the WCpolymer, there- 
by ;eleasing chloroform and cKbon ternchloride 
(Desrosiers and D u n n i p  19831. 

Miller (1982) looked for leachkrg of solvent ex- 
naMble~bstances.suchas plasaclrenand other 
additives. from W C  well casmgs that had been 
exposed tor 3 to 6 weeks to sol~aons containing 
~celevekof reveralmetdando~substances. 
The samples were extracted withsolvent. mncen- 
mted by a factor of 1000, and analyzed using 
finme ionization gas cbomatogn!phy (GC-FIDI. 
~l thoughhUkdidnot  findany identifiablesub- 
stances in these leachates. he cautions that leach- 
ing may be greater in an actual monitoring situa- 
tion where ground water is flowing and may 
con& other more aggressive pollutants. 

Curran and Tomron (1983) also tested PVC and 
Teflon for leaching of contaminants: in their test. 
water was actually pumped through the tubings. 
'Ihe sample were pmcesed and analyzed using 
methcdsverysimilartobseusedbyMiller(l982). 
Curran and Tomson (1983) did not 6nd any aM- 
lytical interkrmca in the samples that had been 
erpored toatherTebnorPVCthathad beenpre 
viously washed with dehqent. Thy conduded 
that rigid W C  was acceptable for pwnd water 
monitoringif thecasingisthorougi-dywashedand 
r i d  prior to irstallation. 

Weals testedmaalsamplesofWCwd~s- 
ing for the leachingof substances thatcolrld inter- 
fere with analytical debmination of these rnuni- 
tiom (Parker and Jenkins 1986). We did not find 
anydetectableinte*eren~e5usin~revd-~hase 
HPLC anal,vsis Uenkius et aL 1986). 
WC hbrbants such as inks or lubrieank 

YXd during manukchue could possibly leach 
fmm stainiess steel casings. 

Inaddition to possibleanalytid problemsaris- 
h g  from s u b s k ~ ~ ~  that can be leached from well 
sing material. desorption of substance that 
have been previously sorbed by casing mat& 
could ihemncenhationof analytesifthecon- 
cenhatio'ons in the well were m d-as substan- 
M y .  

Only twoshldies h a v e a d d r d  dmrption bf 
'Jrgani~co~stituenb (Miller 1982, Jona and Miller 

Digest of the litenture 
and study 

Generally, we fd that the literature on the 
intencfiom of hace level organics with SS, PVC. 
andPI'FE casings is incomplete.Many oithestud- 
ies we ated only examined one or two of these 
sing materials: this makes it difficult tocornpare 
all four casings. AL4, there were problems in the 
experimental design of a number of these studies; 
often there was no replication or control. the data 
w m  not quantitative, or effeaf such as biodegra- 
&wncouldnotbentledou~haddition.many oi 
theauthors failed toreport t h e a d d a t a .  thereby 
pdudinganindependent-matot theauth- 
'ors' conclusions. 

In spite of thec problems. some conclusions 
can be drawn horn the literature. F & t  at least 
some of the smaller halogenated alkanes and alk- 
enes were slowly sorbed by bo thPC and Pm. 
and in one istake tepa&oroe&ylene was rap 
idly sorbed by Pm (50% lass within 8 hours). 
However, based on Che data so far, we cannot p r ~  
&which compoundsmmostsusceptib1e to loss 
or the rate of loss. While few studies have exam- 
ined whether this loss is reversible, there is evi- 
dence in at least one study that temchloroeth- 
ylene that has been iorbed by W C  is also slowly 
desorbed. The* does not appear m be any pro& 
lem with organic substances leaching from P7FL 
While there are a number of compounds that pos- 
sibly could leach fmm W C  casings and several 
metalspeda have beenfound to leach. theredoes 
not appear to be a serious problem with organic 
substances leadring, espeoaIly if the casing is 
washed with detergent and water prior to rue. 
Also, while one would not expect to find organic 
substances leadring from stainless steel csin& 
again the.casings should be washed to eliminate 
any surface contaminano. 

n e  purpose of this smdy was to cornpare the 
perfomrance of these four casing materials when 
subpned to trace levelsofa variety of organic s p e  
aes including several volatile speak. This smdy 
included control samples and sufficient replica- 
tion toallowobjecnvesm~tid analysis of the r e  
sults. Biodde (merouicchloride) was added to all 
thesamples toeliminate 1-due to biodegrada- 
tion 



MATERIALS AND MIXHODS 

Five-cenrimeter (2-in) diameter threaded well 
casings designed spedkdly for ground water - monitoring were used in thir study. The casings 
tested were schedule 40 WC.Teflon. and 304 and 
316 stainless 5 t d .  Sections 11 mminlength were 
cut from the W C  and Teflon casings and those 14 
mm in length from the two stainless steel casings. 
M u s e  the thickness of the wallsof the well 85- 

ings Msied. the length was varied so that the final 
surface area would be thesameforall thecadnp. 
These ringshaped &ns w a e  then cut into 
quarters. S p e d  care was taken to eliminate con- 
tamination from grease or oil in the cutting proc- 
ess. For each casing m a t e d  the pieaswere thm 
placedinalargebeakermntainingd~water 
plus d e m e n t  and sonicated for 10 minutes. The 
pieces were then- withdeionized waterma 
no suds remained. pkced in fresh ddoni2ed wa- 
ter, and wnicated for 20 minute. The water was 
then poured off, and the piece were left to air dry 
onlint-~papcrtoweLTwopieasofQsingwm 
placed in each QPmL via l  ihe vials were tilled 
withtheaque0ustest~)lufionsothsttbaewasno 
hcadspaadthen~ppdwithT-pb 
ticcaps.S&viakwithnowellQsingmataiai 
d a s m n h ~ k . T h e m i o o f  t h e ~ n r e a o f  
the caring to solution volume was 039 cm2tnt.. 
this ratio was determined by dividing the Nface 
arra inside a 5-cm- diameter pipe by the volume 
that the pipe would hold or SAW= %where r =. 
W an.Theratioof soluiionvoliitovolume of 
casing material was appmiutaely 10. 

In the first experiment thc test solution was 
prepared byaddingeachof theorpbdkntty to 
22 L of well water (taken hum a deep water well 
in Weathersfield, Vermont) in a s t o p p e d  gkss 
tattle. The o r g a n i  used were RDX kinhoben- 
zene m). ds-12diddoWh9ene (CDCE), 
ham-12dichlonethyleae 0, m-nitrotolu- 
ene 0, trichloroethylene CMJ, chloroben- 
zene (CLB), o-dichlorokncne (ODCB), pdichlc- 
robenzme (PDCB), and m-dichlorobenzene 
(MDCB). The criteria used forselecting thesesub- 
stance induded whethertheywerean EPA prior- 
ity pollutant. molecukr struaure, solubility in 
water. K_ value. and retention time (using re- 
versed-phase HPLC 4ysl). The 6nal concen- 
h-dtion was appmrimately 2 mg/L for each or- 
ganic constituent The solution & con- 40 
mg/L H a -  to pTWent biodegradation of the 
o e .  The bottle war filled to opadty to &mi- 
Ute MY headspace, mppd with a p u d  glass 

stopper, and then stirred with a magnetic stirrer 
for 24 hours. The solution was then poured into 
s&dationviat  and cappeckseparate viak were 
~ r e p a d  for eachsamplingperiod so that the test 
solution could be discarded after sampling. For 
each m a t e d  and time there were thrpe replicate 
samples. Sample times were 0 hours, 1 hour, 8 
hours. 24 houn (1 day), R hours (3 days). I68 
hours (1 week) and approximately 10M3 hours (6 
week;). 

After removing an aliquot for analysis from 
eachof thelOW-hoursamples. thevialswereemp 
tidandthepiecesof weUcasingwererinsed with 
fresh uncontaminated well water to remove any 
rrsidualsolutionadhning to thesurfaces.Thecar 
ing pieces were then placed in clean vials with 
frehunspiked wellwater,capp;rd,andallowed to 
sit for3 days. IUiquok taken from these samples 
were analyzed to determine if desorption had oc- 
Cumd 

I n t h e b m d  experiment 20 o f ~ a C I  was ako 
added pa  titer of solution to test the e#fect high 
chloride mnanhaeions had onsorptioon/desotp 
tionSamplingtimes were thesame except that the 
last sample was taken aher approximately 12LW 
 OM (7 w&). 

All anal+ detamhtions were performed 
using rwased-phase high performance liqrud 
chromatography (Re-HF'LC). A mod& system 
was employed consisting of a Spectra Phyc i~  SP 
8810isocraticpump.a +tech LC-241 autosam- 
plerwith a l00.(1L loop injector, a Spedn-Ph.wics 



s~8490vKiablewavdengthWdetaorsetat210 
na a Hewlett-Pahd 3393A digital intepitor 
and a Linearmodd555 ship drantecorder.Sepa- 
rations wereobtainedon aZS-cmx4.6rnp(j m) 
LC-18 column [Supdcu) eluted with 15 mt/min - of 62/38 CV/W methanol-water. Retention time 
varied fmm3.0 to 18Bminutes (Tablea.  Baseline 
separation was achieved for all analyta (Fig. 1). 
Detector response was obtained from the digital 
integrator operating in the peakheight mode An- 

, aiytical precision (A RSD) ranged fromO.4 to3.94. 
(mean = 1.653 as determined by the pooled s8n- 
dard deviation of hiplicate initial measurements 
from both studies (Table AZ). 

Rior to conducting the two experiments de- 
Mibed above, a prelimrnary leaching study was 
conducted. This study was conducted to deter- 
mineifany~u&~~leachedfmmthe(four) cas- 
ingmamids that muldinterferrwithouranalyd- 
cdmethadFor&shrdy,hvopkofeachtype 
ofwdcasingwerrpkadincackoftwovialsThe 
viat wmthcnfilledwithfreshwellwaterso that 
therewasno headspace.cdppedandallowed tosit 
for one week An aliquot was taken from each vial 
and analyzed. No detectable pdrs were obsmred 
in any of the samplen 

RESULTS AND DISCUSSION 

In the 61% experiment we campfed the four 
well casing materials with mntml sampler to de- 
tamine whether there were my Losses of the 10 
anal- from solutioh The comolete data trom 

the n o d  concenmtionr for the weIl casings 

are given with time. For eacb analyte and time, a 
analysis of variance t a t  (ANOVA) was 

performedzodetermine if the well~asing material 
had any signiIient effect (at the 95% confidence 
level). m e n  s i m c a n t  differences were found, a 
multiple range test was also performed to deter- 
mine which materials weresignificantly different 
from each other. Those values that were signifi- 
cantly diffurnt from the conml samples were 
marked with an asterisk in Table I. 

LTamininp, these data reveals that 1) the stain- 
l a  steel w e k i n g s  did not affect the cuncentra- 
tion of any of the analyte in solution. while PVC 
and ~efl0.n casings did affect the concentration of 
some of the analytes, 2) the effect of WC was con- 
siderably lessthan that o f~donand3)  theamount 
of analyie &varied with the substance. As an ex- 
ample,Finw2shows theconcenhationofMDCB 
as fun& of time for the four well caring ma- 
terial.The~~wasnolouof analyteinthesamples 
that contained eitha stainless steelcasing. Loss of 
MDCB was slow in those samples that contained 
WC casing after lOMl hours the loss was 20%. 
However. for the samples containing Teflon car 
ing, loss was much more rapid; 20% of the MDCB 
waslcstwithinthefint24hoursandover709. was 
lcst after 1000 h o u s  

There were no statistically signslcant loses of 
RDX or TNB in soiutiom containing any of the 
wellcasingmateriat,evenafter 1 O O O h o ~ ~ a b l e  
1). Loss of MNT was only staristiQUy s i w c d n t  
after 1OOOhours.when 10% wasiostinthesamples 
containing Teflon casings. However, there was 
s i g d b n t  loss of the remainder of the subslances 
insamples mntainingtdon~singsandformany 
of those conraining W C  casings. 
Loss of CDCE in sampler containing TefIon 

I I 1 I 1 I I I I I 1 
0 2 0 0  400 600 BOO 1000 

T,m.(br)  

Figurn L Sorption of MDCB by ihr/our wll msing mnrcrials. 
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Table L Normalized' concentrations of malytn forthe four well us. 
inp with time. 

RDX Pm 
WC 
a3G( 
55316 

0.98 1.m 
1~11 im 
1DI 
Im o.sa 
o.% im 
rm im 
101 im 
O.%, 0.94 
0.95' 0.96 
Im 0.96 
im la1 
off 0 s  
0.93' 106 
tm 0.96 
im 1.12 

a99 0.99 
0.98 195 
101 Im 
Im ins 
om om 
0.94' 0.99 
101 0.96 
1m ID( 
0.97 0s' 
0.95' 0.s 
Im a97 
1.01 1m 
om o m  
0.w as% 
lm 0.99 
101 im 
O X  OM' 
0.92' 0.97 
Im 0.98 
Im IN 
on O M  
0.52' 0.57 

0.91 
102 
1.10 
1.11 

0.95 
191 
1.07 
106 

0.91' 
0.95 
lac 
0.98 

066 
om 
1.11 
im 
0.30 
0.99 
108 
1.10 

OM' 
0.94' 
lac 
0.98 

OJ4. 
694' 
la 
698 

Od8' 
0.93 
124 
0.98 

0.47' 
a m  
im 
0.97 

0.48' 
0.88' 

0.99 
lm ~' 

0.98 
1%' 
1.01 
la2 
100 
1 a2 

03' 
0.30 
0.98 
0.99 

0s: 
om 
la, 
im 
0.w 
0.94 
im 
0.99 

0.40' 
om 
0.99 
100 

051' 
086' 
0.w 
0.99 

0.43' 
086' 
Im 
1m 
026' 
om 
102 
im 
026' 
OM' 

well casings was relatively slow; losses did not ex- 
ceed 10% until after 72 hours Fig. 3). Loss of this 
compound nwer exceeded 6% far the samples 
contiining W C  casings. 

The nanrisomer of I2DCE CIDCEl was Lost 
more rapidly than the drisomer from solutions 
contiining Teflon cisings Fig. 4). Generally. loss 
was sigdicantly p a t e x  in the samples with the 
Teflon casings than in the samples with the PVC 



Figun3. Sorption of CDCEand TDCE by Teflon wcll m i n k  
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Fiprc 4. Sorption of TDCE by plastic crsings. 

'IhetenrlkhrTEwereverysimikrmthoxof 
TDCE, except that the finalloss was more in Sam- 
ples containing Teflon casings; loss was 155"after 
24 hours and 60% after 1OOO hourr Fi. 9. For the 
samples that contained W C  casings, loss was 5% 
after24 hours and only 12% after 1OOO how. 

A similar pattern of loss was seen with CLB. 
ODC8,MDCB,and~.Egurr6shwrs therate 
of loss of these compounds for samples that con- 
tainedTdmcasinp.Theorderof IosswasMCDB 
and PDCE >ODCB >CLB. After eight hours. 10s- 
es were significant in the sample confaining Tef- 
lon casings; loss was 7% for CLB. 9% for ODCB. 
and 16% for PDCBandMDCB.ForPDCB losswas 
significant after only 1 hour (8% loss). Although 
loss of CLB isom- wassignificant in the sample 
that concainedFVC wellesingsafteronly8 hours. 
loss was less Unn 5%. Even after 24 hours losses 
were less than 10% for CLB and the three DCB 
compoundr 

Wealso tested the laM-hour samples to detect 
if &err was any desorption of the sorbed o w c s  

fmm the well casings. After 3 days no analytes 
were detected in the samples containing either 
typeof stainlesssteelcasing. Theseresdb wereas 
expeaedsina?noog~ichadameasurable 105s in 
the samples containing the staides steel casings. 
However, for samples containing plastic casings. 
we did recover measurable quantities of all the 
organia where significant losses had been o b  
swed in the sorption uperiment. The d t s  are 
given in Table Z While this experiment did not 
give us any of thekinetia of desorption. generally 
the amount of analyte deorbed closely paralleled 
the amount sorbed. No RDX or TNB was recov- 
ered from either -sing. For. those substances that 
were sorbed, the amount of MM recovered was 
the lowest for both casings, and the amount of 
ClKE recovered was next lowest. However. it is 
ht~tingthat,forthesamp16conrainingTefi0n 
casings, the cumpounds that were sorbed to the 
greatestextentCPDCBandMDCB1 werenot n x e -  
sady  the substances that were desorbed to the 
greatest extent CTCE and ?DCE were). Diffusion 



I I , I I I 
0 

I 
200 400 6 0 0  800 1000 

1 1 - 4  ( n r l  

Figun 5. Sorption of TCE by tkfour d l  casing m W .  
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Figun 6. &rpt~,  of UB. ODCB, MDCB and PDCB by T@n rail 
casings. 

Table 2. Results of dearption study. 

-8 CmMlhwfim in rnq/~&o 3 dea q u i l i m  
nunod RDX TNE UX7E 7DCE MKT TCE UB o m  PDCB MDCB 

Tctlon M) ND 010 0.43 0075 0.U 026 03.9 030 02.5 
011 0.45 0076 0.G 028 035 024 036 

ND NO MI. 1106. 0074 o . 1 ~  006. aor 0.1~~ 0.U. 
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Figum7. SorptionofTDCE by Teflon wcllmings in tkprcscnccandnbwnceofsalt. 
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F i p m  8. brptia of MDCB by T c f h  wll casings in tk prcvna and M a  of 
dl .  

out of the polyma may be m m  rapid for the 
smaller, more p k w  molecules 

Lrplriment with 
NaCl-mended pmnd water 
In the semnd experiment we added N a a  to 

raise thedjcrideoancen~ationabove l O m g / L  
High chloride concenmtions M inown to be 
wrrmive to 304 shlinles steel Spedfically. we 
wondered if over the long term. ~ s r i n g  would 
haveany effectontheprformanceof thestainless 
casings. It is aka possible that sorption on plastic 
materials would increase with inueasing ionic 
st==* 

Rustingof thestainlesrcrsings wasvisileafter 
only 8 hours for SS 334 and. a f k ~  24 horn for SS 
316.Howev~, theadditionof sodiumdrloride did 
not seem to affect the rate of lau of any of the 
anal+ studied for ritha the srainlew steel or 

plastic casings. Tables A13-A22 give the data for 
the 10 analpes. The data w e  analyzed &g 
standard analysis of variance to detemrine any 
significant effecis, and multiple range tests were 
performed to determine which materials were 
significantly different from each other. TableA23 
summarizes the data by giving the nomatized 
values for the well casings; values that were sig- 
dicantly different from the control values are 
marked with an asterisk 

Figures 7and 8 are plots of the concentrations 
of TIXE and MDCB, respectively, as a function of 
timeforsamplesolutions. withand without added 
chloride, containing Teflon casings. Clearly the 
addition of salt did not markedly atkct the rate or 
amouncofsorptionofthexanalytes.~wasalso 
found to be hue when s~mikr plots were drawn 
for the TCE, CLB, and ODCB. 
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Rehtioruhip of sorption to 
a d y t e  pmpextiu sion was performed to test for the addition of the 

athavariables (using 7tatgraphics"~hware by 
STSC In& Roclorille, Md). 

Modeling the s o p i o n  pmclu 
While these experiments dearly demonsaated 

that the loss of organic chemicaJs from solutions 
exposed to plastic casing mate- is a sorption 
prOCe5.s. itis notdear whether this is asusface phe- 
nomenon or whether penetration into the polymer 
matrix ocmmd.  During the dsorpaon studies 
the sorbed analy~s w e  released bad: into 
tion, thereby demonstrating that the process is at 
least partially reversible. While nrrface a&orP 
tion cannot be ruled our the evidence suggsu 
that diffusion into the polymer ma- occurred. 
Zhang et a1 (1988)showed that organicmoldes 
p e a a t e  plasti&ed W C  membranes In O U  ex- 



periments sorption appears to be S ~ O W  (takmg 
hundreds o i  hours to attain equilibrium), which 
suggests that partitioning into the bulkof the ma- 
t e A  occurs. Desorption of some analytes from 
Teflon also appeared to beslow. Ifwe assume this .. to be the case, the process can be modeled using 
dassical partitioning by treating theplasticcasing 
as an immiscible Liquid phase in contact with 
water and relating partitioning of individual dna- 
lytes to their Kow values. While immiscible liquids 
otherthanoctanolmaybebe~ers~cturalmodels 
of Tetlon or PVC, the most extensive collection of 
partition coeffiaents is available for octanol. This 
IS because Kw values havebeen used successfully 
topredictthe behavior of d n ~ p i n t h e  human body 
an; the sorption of enviro&ental poUutants on 
sedimenk and 505. 

Because it appears that we can predict the be- 
havior of the Mlious analytes exposed to plastic 
casings on the basis of their KQw values, we mod- 
eled the parhtioningpmcess as follows. First. if we 
assume that the sorption process is a simple, re- 
versible first order process (eq2). we can write the 
rate equation as shown in eq 3 (Could 1959): 

where [X,J = theconcen&ation of the d y t e  X 
in bqueous solution 

[X,] = the concentration of analyte X 
sorbed in the plastic material 

k, = the rate constant for'sorption 
k, = the rate constant for desorption 

t = lime in hours. 

Since in our e x p e r h ~ k  the volume of the so- 
lution was I0  limes the volume of the plastic 
casing, or 

then 

where IXol is the initialconcentration of X in solu- 
tion. Solving for [Xu,] we have 

Regrouping t e r n  w e  have 

Since I;,, k, and [X,] are constants. we can rewrite 
IhiS N 

where 

A = k , + k ,  - (10) 
and 

ti we then integrate the rate equation we have a 
nonlinear relation for [Xa4] as a hct io:  of 1 and 

two constants A and 5. 
We~btainedtheoplimalvaluesfor AandB for 

each analyte, where sorption loss was observed, 
by application of the Gauss-Newton method of 
nonlinear curve fitting using the measured aque- 
ous concentrations at 1, 8, 24.72. 128 and 1000 
hours. Then using these values forA and B, we si- 
multaneously solved eql0and ll foreachanalyte 
to obtaindues fork, and k(the rateconstants for 
the forwardandreverse pr&esses).The vaIues for 
Teflon are shown in Table 4. Since the process we 
desaibe is assumed to be reversible and of first 
order, the ratio of the rate constants, k, /k , ,  is the 
equilibrium constant, K-. The K-and the log K,% 
values for each analyte are a h  even  in Table 4. 

When we plotted the eight values of K,$iven 
in Table 4 vs log KO,, six of the eight points ap- 
peared to fall on a straight line. w h i i  the points 
for M M  and ODCB did not (Fig.1 I). 7I1e poor fit 
for MNT and the lack of significant sorption for 
WBandRD~canbeex~lainedbythetenden~o~ 
ni~~<ontainin~organicmolecules to formshong 
hydrogen bonds, which keeps them in soluh0n. 
While octanol can be a donor in hydrogen bond- 
ing, Teflon cannot. Thus, if we predict partition- 
' ing into Teflon for these molecules based on their 
octanol/water corfiiaents, we will overesthate 
theamountofsorption. For example, basdonow 



Table 4. Sorption (k,) and desorp- 
tion (k.) rate constants and equi- 
libriuui constant (KJ for expo- 
sure to Teflon, . - 

k,xl02 k+W 
Amlylr (nn-') (on-') K. Log K- 

mx . 088' 
1.18~ 

Figure 11. bnelntion between log octnnoliwtcr parfition weffi- 
dolt (X&j a d  quilibnum constant IKqj for solutes exposed to 
T@m d l  casing. 

r e p s i o n  equation we predict a Kq of 38 for 
MNT; however, the o b s d K  was only tU. 

Thepoorprediaionfor0~canbeeXpkiaed 
by the well known 'ortho effeu" This eff& is a 
complex combination of electronic and steric in- 
fluences, which often resulk in orthodisubsti- 
tuted ammatic molecules behaving much differ- 
ently than the me&- and pa-isom-. 

We did not create a similar model predicting 
the loss of analyte for PVC because the percent 
sorbed was small whenconparedwith theexperi- 
mental error and this would aeate an unaccept- 
able degree of uncertainty in the calculated rate 
constants.' . 

Therefore, we conclude that;for hydrophobic 
organicmolecules that arenotsubjectto hydrogen 
bonding, the relationship presented in figure 11 
can be used to estimate the equilibrium partition- 
ing of an analyte between the aqueous phase and 
Teflon. Obviously, in a well. the ground water is 
refreshed and onewould not obselve the levels of 
depletion we obselved in our study. However, 
eventually the plasticcasingshould reachequilib- 
rium with the aqueous phase if the concentmeion 
of the analyte in ground water is relatively mn- 
stant with time. 

While K will determine the equilibrium mn- 
-3 centrations of each analyte in the waterand plastic 

phases, it is the magnitudeofk, that will determine 
how quickly various andytes are depleted. For 

small. planar molecules like TCE. the ki values are 
quitehighcompared to those of the other analytes. 
This may e x p h  the rapid loss of tehachioroeth- 
ylenehornsolutionscontaining Tenoncasings ob- 
served byMiller(l982)and Reynolds and Gillham 
(1986). 

CONCLUSIONS AND 
RECOMMENDATIONS 

These studies indicate that Teflon was dearly 
the poorestchoice of the four well casing materials 
tested when samples are to be analyzed for trace 
level organics. Significant losses of all the chlori- 
nated compoun& omured within 1-8 hours. and 
one nitroaromatic compound was also lost after 
prolonged exposure (1033 hours). While losses 
were also seen for severalcompounds exposed to 
PVC, therateoflosswasalwaysmuchsl~~~~~~h~ 
for the Teflon casings;uxldly24 hours lapsed b e  
fore significant losses occurred. There was no loss 
of any organic tested in the presence oi either 55 
casing. However,  stingo of both rype~of stainless 
casings occurred relatively quiddy, in some in- 
stancis overnight. 

The desorption study showed that loss of or- 
ganics from aqueous solution is due to a sorption 
process, and that the sorpnon process is piutiauY 
reversible. Desorption from well casms material 



could result in falsely lugh concentrations of ana- 
lytes if theirconcenhations were todecrexein the 
well water. 

We wereable tocorrelate thelossof hvdropho- 
bicorganic constiments in the wetiwatercontain- 
ins Teflon casings with the substance's Ko,vvalues. . ' However, for hydroplulic organic substances this 
correlation overestimates loses. 

Our results indicate that in a monitoring sib- 
ation, where the well is purged and then sampled 
within &24 hours, PVC cased w e b  are probably 
suited for sampling most organics wide Teflon 
cased wells are probably not. However, there are 
two conflicting effects that must be considered 

7 when extrapolating our test data to a real monitor- 
ingsituation:l)wet~ted~in~.notweUscreens: 
the greater surface area of well m e n s  could 
substantially increase the rate of sorpiive losses in 
the saeened potionof the wel1,andZI thisexpen- 
ment was condu* under static conditions. lf 
there is a long time between purging the well and 
simplingit is possible that thewaterbeingsamp1ed 
would be at least partially replenished, and this 
would tend to mitigate losse due to sorption by 
the casing mat* 

Thebrgerquestioniswhatis thebestcasingfor 
gmund water mo~toring? Ourstudy attempts to 
answer oniy part of the question--how suitable 
are th~efourwellQsingmatcMkformonito~g 
organic constituenk? Xnorganicmnstihxnts must 
also be q~ idered  and for that we refer the reader 
to Hewitt (1989). Hewitl's results for ino@ 
show nearly opposite behavior. He found that 
Teflon casings were the best for monitoring four 
species of metals (Cd, G, As and Pb) while stah- 
less steel casinfp were the wo* rusting by the 
stainless steelcasings p-tedseriouspmblems 
with several of the analytes. aeariy , selecting a 
singlecasing material, from those tested, formon- 
itoring both inorganicand organicconstituenk in 
ground water wiU necessarily have to involve 
compmmjse. 
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APPENDLX A: TEST DATA 
% 

Table A1. T ime  at which absorption reduced the  r e l a t i v e  concencra- 
t i o n  (C/CoI i n  solucion t o  0.9.~ 

PVC 

r 

f-&mss hut Absorption - - - - - - - - - - - - - - - - - - - - - - -  Xosc Abrorpcior. 

BRD m TRI H M  T Ti 
> 5 weeks - 2 wracks - 1 &y - 1 day < 5 min 

Log ( ~ d c c m a / v a t e r  m 8x0 ZBL KK - -.. . 
1 L> 

prrtition coafficlont) 2.OL 2.10 2.62 Not Reported 3.L3 

Log (Octmol/Vaccr 880 'IRL m TEY HEX 
prrcitioa coefficient) 2.30 2.L9 2.56 2 . 6 0  3 . 3 ~  

Table AZ. Retention times and a n a l y t i c a l  p r e c i s i o n .  

Precision 
Abbreviation RSD (0 

cis-1.2-dichloroe&ylene COCE 

crrnr - 1 -2-dichlaroschyiene TDCE 

m-nicrocoluane IWI 

trichloroechylens TCE 

ODCB 

PDCB 

IIDCB 



trcxmenc 

SS304 
SS304 
SS304 

55316 
55316 
55316 

PVC 
wc 
wc 

TEnON 
T Z M N  
T E M N  

CONIROL 
CONtROL 
CONTROL 

CZ-smenc 

SS306 
SS306 
55306 

SS316 
55316 
55316 

WC 
PVC 
WC 

TEFLON 
T E M N  
T E n a N  

CONTROL 
CQNTRQL 
COrnOL 

T a b l e  A3. Concenrra t ion of ROX with  tirue. 

Ohr 

1.79 
1.79 
1 .78 

1.79 
1 .79  
1.78 

1 .79 
1.79 
1 .78 

1.79 
1.79 
1 .78 

L.79 
1.79 
1.78 

lhr 

1 .76  
1 . 7 5  
1 .69 

1 .76 
1 .76  
1 . 7 8  

1 .76  
1 .78 
1 . 7 3  

1 .77  
1 . 9 0  
1 .73  

1.7L 
1 . 7 5  
1 . 7 6  

T a b l e  A4.  Concentra t ion of TNB wich time. 

Ohr 

2.37 
2.37 
2.36 

2.37 
2.37 
2.36 

2.37 
2.37 
2.36 

2.37 
2.37 
2.36 

2.37 
2.37 
2.36 

lhr 

2.29 
2.28 
2 . 2 5  

2.35 
2.32 
2 . 3 1  

2.32 
2.36 
2 . 2 8  

2 . 3 4  
2 .36 
2 .27 

2 .29 
2 .30  
2 . 2 9  



T a b l e  A5. Cancenrrarion of MNT with t i m e .  

Concsncracian mgfi 

Ohr Lhr 8hr 26hr 72hr 168hr 

-.i WC 
PVC 
P'lC 

TEFLON 
T E M N  
T E M N  

CONTROL 
CONTROL 
CONTROL 

Table A6. Concencracion of CDCE with time. 

Conc~ntracion mg/L 

CEeSPDCnt 

SSfOI. 
SS304 
SS304 

' . 
55316 
55316 
55316 

PVC 
WC 
WC 

T E M N  
T E m N  
T E M N  

C O r n O L  
C O r n O L  
CONTROL 

Ohr 

2.79 
2 . u  
2.73 

2;79 
2.84 
2.73 

2.79 
2.84 
2.73 

2.79 
2.86 
2.73 

2.79 
2.84 
2.73 



Table A 7 .  Concencration of TDCE with time. 

+ WC 
PVC 
PVC 

TEFLON 
TEFLON 
TEFLON 

CONTROL 
CONTROL 
CONTROL 

crermenc 

55306 
SS30L 
SS301 

55316 
55316 
25316 

W C  
PVC 
PVC 

T E M N  
T E M N  
T E M N  

CONTROL 
CONTROL 
CONTROL 

Ohr 

2.71 
2.77 
2.63 

2.71 
2.77 
2.63 

2.71 
2.77 
2.63 

2.71 
2.77 
2.63 

2.71 
2.77 
2.63 

lhr 

2.43 
2.53 
2.38 

2.66 
2.47 
2.58 

2.62 
2.61 
2.18 

2.62 
2.62 
2.50 

2.55 
2.61 
2.58 

Table A8. Concencration of TCE with cime. 

Conccncrasion mg/L 

Ohr 

2.80 
2.85 
2.71 

2.80 
2.85 
2.71 

2.80 
2.85 
2.71 

2.80 
2.85 
2.71 

2.80 
2.85 
2.71 



Table A9. Concentration of CL5  w i t h  time. 

Ohr lhr  Ehr 26hr 72hr 162hr 

2.18 1.95 . 2.13 2 .06  1.95 1.90 
2.12 2 .03  2.13 2.08 1 .91  1 . 9 7  
2.13 2.05 2 .14  2.12 1 .73  1 . 0 8  

PVC 
P'IC 
PVC 

T E n O N  
T E M N  
TEFLON 

CONTROL 
CONTROL 
CONTKOL 

Table A l O .  Concentrat ion  o f  ODCB with  time. 

Ohr lhr  8hr. 24hr 

T E M N  
TEmJti 
T E m N  

CONTROL 
COKTRaL 
CONTROL 



T a b l e  ~ 1 1 .  C o n c e n t r a t i o n  o f  MDCB w i t h  r i m e .  

Y WC 
PVC 

' WC 

T E M N  
T E M N  
TEMN 

c r . L ~ n c  

Sf301 
55306 
55306 

55316 
55316 
55316 

PVC 
PVC 
WC 

TErnN 
TEFLON 
TEFLON 

CONTROL 
CONTROL 
COKIROL 

Conccnc:n:ion mg/L 

Ohr l h r  8 h r  26hr 72hr 168hr 

2.27 1 . 9 9  2.16 2 .21  2.09 1.9C. 
2.29 2 .01  2.12 2.25 2.03 . 2.06 
2.23 2.15 2.20 2.16 1.86 2.06 

T a b l e  A12. C o n c e n r r a r i o n  of PDCB w i t h  time. 



T a b l e  h13. Concentration o f  RDX w i t h  t i m e - - s a l t  s t u d y .  

creanuenc Ohr lhr 8 h r  24hr 72hr 168hr 

TEFLON 1.87 2.00 1.99 2.06 1.96 2.18 2.00 
T E M N  1.92 2.07 2.03 2.13 2.02 2.19 2 .01  
T E M N  1.99 2.07 1.89 2.60 1.90 2.19 2.06 

CONTROL 1.87 2.01 2.06 2.09 1.97 2.18 1.99 
CONTROL 1.92 2.02 2.06 2.12 1.96 2.18 2.05 , 
CONTROL 1.99 2.07 2.06 2.61 1.96 2.17 2.06 

T a b l e  A14. C o n c e n t r a t i o n  of TNB w i t h  t ime - - s a l t  s t u d y .  

Concmncracion mg/L  

c r m a u a n c  Ohr llu 8 h r  26hr 72hr 168hr 1200hr 

PVC 2.21 2.22 2.22 2.27 2.23 2.29 2 . 2 1  
PVC 2.26 2.25 . 2.23 2.30 2.20 2.28 2.21 
PVC 2.28 2.25 2.21 2 .21  2.19 2.27 2.23 

T E M N  2.21 2.18 2.15 2.66 2.26 2.29 2.31 
T E M N  2.26 2.25 2.18 2.32 2.22 2.29 2.29 
T E M N  2.28 2.27 2.19 2.23 2.17 2.28 2.16 

CONTROL 2.21 2.19 2.21 2.68 2.26 2.28 2.30 
CONTROL 2.26 2 .21  2.20 2.30 2.26 2.27 2.26 
COh7ROL 2.28 2.26 2.19 2.25 2.27 2.28 2.26 



Table ~ 1 5 .  C o n c e n c r a t x m  o f  MNT w r t h  t l m e - - s a l t  s t u d y .  

C o n c c n c r a ~ i o n  mz/L 

creacmcnC Ohr Ihr  8 h r  26hr 72hr  1 6 8 h r  1200hr  

SS306 2.16 2.20 2.10 2.12 2.19 2 .12 2 .28 
55306 ' 2.19 2.16 2 .11 2.13 2.17 2.13 2.13 
5S30L 2.16 2.16 2.09 2.10 2.12 2 .10 2 .16 

SS316 2.16 2.16 2 .11  2.21 2.19 2.12 2.17 
55316 2 . 1 9 .  2.16 2.11 2.16 2.18 2.10 2.15 
55316 2.16 2.16 2.09 2.17 2 . 1 1  2.09 2 .09 

I 

PVC 2.16 2.17 2.13 2.13 2.16 2.10 2.07 
PVC 2.19 2.17 2.13 2.16 2.16 2 .08 2 . 0 5  
PVC 2.16 2.15 2.11 2.08 2.10 2 .06 2.06 

T E M N  1.16 2.10 2.05 2.16 2.16 2 .05 2,06 
ZEMN 2.19 2.16 2.08 2.15 2.12 2 .06 2.03 
T E M N  2.16 2.16 2.09 2.06 2.08 2 .05 1 .85 

CONTROL 2.16 2.11, 2.12 2.21 2.17 2.12 2.29 
CONTROL 2.19 2.15 2.10 2.15 2.21 2.09 2.20 
CONTP.OL 2.16 2.16 2.10 2.12 2.22 2 .11 2 . 2 1  

T a b l e  A16. C o n c e n t r a t i o n  of CDCE w i t h  t i m e - - s a l t  s t u d y .  

c r s a m e n c  Ohr Lhr Bhr 26 lu  72hr  1 6 8 h r  1 2 0 0 h r  

f E F U N  2.58 2.65 2.60 2.63 1 .86  2 .01  1.53 
T E M N  2.58 2.50 2.42 2.k5 2.26 2 .09 1 . 6 5  
T E M N  2.61 2.57 2.37 2.36 2.25 2.16 1 .76  

CONZrCOL 2.58 2.57 2 .  2.56 2.39 2 .25 2.17 
C O N ~ O L  2.58 2.52 2 .61  2.53 2.66 2 .26 1 .88  
CONTROL 2 .61  2.53 2.50 2.09 2 . 6 1  2.32 1 . 8 8  



T a b l e  A17. C o n c e n c r a c i o n  of TDCE w i c h  c i m e - - s a l t  s t u d y .  

Concencracion ng/L 

c reaaaenc  Oht Lhr 8 h ~  2Lhr . 72hr  168hr  l2OOhr . 

CONlROL 1 . 9 3  1 .91  1.80 1.87 1.69 1.55 1.37 
COMROL 1 .91  1.87 1.77 1 .86 1.75 1.56 1.03 
CONTROL 1 .95  1.87 1 .85 1.83 1 .70  1.61 1.00 

T a b l e  A18. C o n c e n t r a t i o n  o f  TCE w i t h  c ime--$ale  s t u d y .  

C o n c a n ~ r a c f o n  mg/L 

t r t a m e n c  Ohr lhr 8 h r  24hr  72hr 168hr  1200hr 

PVC 2 . 8  2 2.81 2 .71 2.55 2.1,9 2.21 1 .21  
PYC 2.79 2.89 2.60 2.55 2.39 
PVC 

2.27 1 .36 
2.86 2.72 2.65 2 .56 2.32 2.19 1.63 

TEFLON 2.82 2.59 2 . U  . .30  1 .90 1.47 0.80 
T-N 2 .79  2.6C 2 . G  2.33 1.86 1.55 0 .68  
TEFLON 2.86 2 .73 2.38 2 .26  1 .50 1 .62 0 . 6 6  



crcaPnenc 

SS3Ob 
SS304 
ss304 

15116 
55316 
55316 

WC 
WC 
WC 

T E m N  
T E Z O N  
T E M N  

COrnOL 
CONtROL 
CONTROL 

Ohr 

1.78 
1 .78 
1 . 8 1  

1.78 
1 .78  
1 . 8 1  

1 .78  
1 . 7 8  
1 . 8 1  

1 .78 
1 .78  
1 . 8 1  

1 . 7 8  
1.78 
1 .81  

Lhr 

1 .75 
1 .77  
1 .78  

1.72  
1 .73  
1 .73 

1 .7L  
1 .77 
1.78 

1 .67 
1 . 7 0  
1 . 7 5  

1 . 7 4  
1 .75 
1 . 7 8  

creacmsnc O h r  

55304 2.48 
SS304 2.46 
55306 2.49 

52316 2.48 
55316 2.46 
SS316 2.49 

WC 2.68 
WC 2.46 
WC 2.49 

TEFJ)N 2.68 
TEIUN 2.L6 
TErtOH 2.49 

CONTRDL 2.48 
CONlmL 2.66 
C O W L  2.49 

Ihr  

2 .62  
2 .43 
2.46 

2.36 
2.38 
2.60 

2 . u  
2 .63 
2.39 

2.29 
2.27 
2 .33 

2.60 
2 .42 
2.115 

Table A19.  concencrstion of CLB with time--salt scudy. 

Table AZO. Concentration of ODCB wich time--salt study. 



7 55304 
55304 
55304 

55316 
55316 
55316 

-? Pvc 
PIC 
PVC 

TEFLON 
T E R O N  
TEFLON 

CONIBOL 
CONIBOL 
CONTROL 

AZ1. Concentration of MDCB with time--salt s x a f .  

Ohr lhr 8hr 24hz 72hr 168hr 12OOhr 

Table A22. Concentration of PDCB with time--3alt scudy. 

CraaPPanc 

SS304 
55304 
55304 

55316 
55316 
SS3 l6 

PVC 
PVC 
PVC 

T E M N  
T E M N  
T E M N  

CONTROL 
CONTROL 
CONTROL 

lhr 

2.07 
2.09 
2.09 

2.05 
2.06 
2.02 

2.05 
2.07 
2.06 

1.91 
1.95 
1.99 

2.03 
2.08 
2.09 



Table A23. ~onnalized' concencrarions of ana lpea  raken ::om 
samples containing salt. 



T a b l e  A24. R e g r e s s i o n  a n a l y s i s  f o r  samples  c o n t a i n i n g  Te f lon  
c a s i n g s  ( V S  KO,). 

Regression A N l y s t s  - -  U n e u  model: Y - a+bX 

Dependent va r i ab le :  NoS~Mlkcd Indapendenc variable:  Kov 
cone. r i c h  r e f  

S -&rd T Prob. 
P a r a e r e r  k f h c a  Error Value Level 

Incercepc 1.1789 0.118297 7.9L958 .00005 
Slope -0.252081 0.061157 -4.12191 .00331 

Sum of Xean Prob. 
Source S q u r e r  Of Squrre F-Racio h v & l  

node1 .502285 1 .SO2285 16.99017 .0033(r 
Error  .2365063 8 .0295633 

Corralacton Coafffcienc - -0.824515 R-squared - 67.99 percenc 
Scad.  Error of kt. - 0.1719k 

T a b l e  A25. R e g r e s s i o n  a n a l y s i s  f o r  sample3 c o n t a i n i n g  PVC c a s i n g s  
(VS KO.). 

Regresston h a l y r l s  - -  Linear modal: Y - a+bX 

Dapendanc var iab le :  Nomaltred Indspendent va r i ab la :  Kov 
cons. wiEh pve 

S W r d  1 Prob. 
Pa rmeca r  Estlmace Error Value L v e l  

Incarcapc 1.01749 0 . W 7 1  23.1001 .OOOOO 
Slop* -0.OSBlSZl 0.0181618 - 3.20136 ,01259 

sun O F  n e a  P S O ~ .  
Source Squarer Df Squire F-Racio l eve l  

Hodel .026729 1 ,026729 10.2187L ,01259 
Error  .0208616 8 .0026081 

T o t a l  ( C a n . )  .01.759&1 9 

Cor re l r r ion  Coafficienc - -0.769109 B-squared - 56.16 perccnc 
send. Error  of t c .  - 0.0510693 



APPENDIX H 

CHEMICAL RESISTANCE GUIDE 
PVC TYPE 1 



CHEMICAL RESISTANCE GUIDE 

PVC TYPE 1 

~cetaldeh~d@ U U ( Amyl chloride Bromine water 
~celaldahyde. 40% L U Anilina Butadiene 

~cetamrda U Aniline chlomhydfltr U 

I  mate solvents - crud, I U Aniline dyes 

Acnats solvents oun I U U t Aniline hydrochloride 
Acetic acid 0 - 20% ! A 

A I Anthnquinone 
Acetic acid 20 30)6 I ' A A ,i Anrlraqdmnerulfonicacid 

[. Acetic acid 30.60% I A A 1 Amirnony ttichloride 
Acatic acid 80% A I L ,! :I Aquaregia ' L i U ' Butylsnc 

I Acctic acid . glacial L ! U Aromatic hydrocarbons U I U i Butyric acid 20% 
i 

< , A ~ C  acid n o o n  ! L ' u i i  Antnic acid. 80% ! A L :. Butyric acid 
Acetic anhvdridu \ U ' U Arylrulfonic acid / A  A ;1 
Amona i U I U )' &halt I A : A ;I Cadmiurncyanide 

I Acetylena ' L L ~  i : Calcium hydroxid8 
a Adipic acid A A i Barium carbonate A A . Calcium hypochlorite 

Alcohol, allyl -96% 
1. 

L U Barium chloride A A Calcium salts 
Alcohol. m y 1  L , U I Barium hydroxide 1090 A ' A Caneargarliquors 
Alcohol, brnzyl U . U Bariumnrlfate A ' A Carbolic acid 
Alcohol, butyl (n4utanoll A . A ; Barium rulfide : A . A Carbon biwlfida 

, Alcohol, butyl(2.hulanol) A . U ;I  Bnr A A Carbon dioxide (apuroul) 
1 Alcohol. ethyl A L i! Btatrupar liquor A A Carbon dioxide gaa (dry) 

AlcWol. hexyl : A A Benreldehyde IODh U : U . Carbon dioxide gas l m t )  
Alcohol. iiupmpyl . 2-U : Carbon monoxide 

h m ~ f o n i c a c i d .  1096 , A / A ' Carbon tetrachloride 
i Akohol, melhy~ i U - U :. Cdrbonaltd water 
1 ~lcoholpropyl(l.~ro~ano~l~ A U !I Betuouaid : A A Carbonic acid 
1 Allyl chloride I U U ;! R n u d  U U Casin 

Alum ! A A I: Blrmuth carbonate A , A Canor oil 
Alum, chmmr : A ] U ', @kckEquorbapsrindustry) . A i A Caustic potash ! 

: Aluminum hydroxide : A A 'I Rltach. 12.5% active CI, A L Caustic soda 

A A ii Boru  i Aluminum oxychloride , A A Cellosobe 
Aluminum s i ts  A A Bonxliquon ; A : A Cellosolve acetate 

: Ammonia - gas (dry) ' A A Boric acid A ' A Chloral hydrate 
I Ammonia - gas l w t )  / U I U 80rontrifluoride : A i A , Chloramine 
' Ammonia - liquid . U : U hderpellen.(fish deriv) A Chloric acid 20% 

AnvrmLnflwridrO-25% : L i U Brine A , Chloride watw 
~ h m n i m ~ x i & 0 - 2 $ / .  i A ! A Bromicacid A / C h l o ~ n m d m h m u  

: Ammrimalu U I Chlorme (dry1 



Oeminamlized water 1 Datnrqmts 
1 Dnrtrin 
a Oaxtrag 
! Oiero salts 

Dibutyl phthalata 
I Oibutyl ~ebacstn 1 , Dlchlorobaun8 

~ic-@o~?o~iiylenc 
Diesel fuels 

, Oiethylamina 

Chlorine, liquid 
~hlorina water Ethyl mtan 
Chlomgnic =id Ethyl halids U u Hydrogen peroxide - I 
Chlombentene Ethylene glycol A A 3%. 9036 A A 
~hlorbbanzyl Ethylene halides U U Hydrogenphosphidc A A 
Chlomform Ethylene oxide U U Hydrogen sulfide -dry or 

mlu. A A 

Chroms alum Feny acids A A Hydroquinone 

Chromic acid 10%. Famc salts Hydroxylamina sulfate 

Chromic acid 50% Ferrous altr Hypochlorout acid 

Citric acid Hypo-(sodium thiosulfatel I A 1 I 
Cotomr1 oll 
C o b  oven w . U  j u l  I 

Iodine (in alcohol) i U  ' U : 
! I Cora oils Iodine solution (100Al ! U  1 U : 

Corn oil I j ,  
! corn syrup : A  : A  ; jJet fuebJP-4&JP.5.  / A  ! A  

j ! . A I A Formaldehyde ' A  , ! A  l, : Cononseed oil 
I C r w l  ( U ; U Formic acid ! A , U ., Kerosanb .' A ' A 

Creryljc acid 50% ) A ; A ) Freon.F11,FlZF113,Fll4 A ; A 11 Katonm U , U ,  
! Cro~o~ldehyde 1 U : U 1 Frcon-F21. F22 I U ' U 1; Kraltlisuor lpaperindunryl ' A ; A 
: Crude oil sour A ' A I Fructose A A ;, 
i C ~ d e  oil -5west I A : A / /  fruit pulpsandiuices A A !I Lacsuer thinners ' U  L ) :  

i Cupric fluoride A A 1 fual oil (cmtaininq HzSOAI U U :i Lactic acid 25% A : A  
' Cupric sulfare / A ' A I '  Fudursl j U ' U j j  Lard oil A A 
: Cuprour chloride ! A  j A I  1 !, Lauric arid ; A  : A  ! 

Djethyl erher 
Oiglycolic acid 
Oimethylamine 
Dimethyl formamids 
Dioctyl phthalate 
Dioxane - 1, 4 
Ouodium phorohare 

Cydohexa~ U / U ; 
CycMhmnoI / U / U j , Cvdohr~none i U U I  

I Garoiines 
1 Gabtine ' Glucon 
1 Glue 

Glycarina (q~ycerofl 
Glycol 
Glycolicacid 3046 
Grape sugar 
Green liquor (paper 
indunry) 

Gallic acid A , A I j  Lauryl chloride : A  ; L 
Gm-coteonn : U i U ;; Laurvl sulfate ; A  : A  1 
Gas - rnanufac~red U I U j; Laad salts I / A  ! A ! 
Oar - natural (dry& mtJ I A j A (1 Lime sulfur i~ ! A 

A 

Machine oil 
Magnesium hydroxide I A  

A A ;  Magnccium alts I Malcic acid 
Malic acid 

A ! A , Mmoanese s d h t e  I A  ' A 
U 
L 
L 
U 
U 
U 
A 

Haxanr i A  
Haxanol teniary 
Hydrszins 1: 

.Hydorbromic acid - 20% A 
Hflrochloric acid -0  -40% 
Hydrocyanic acid or 

hvdrooen cvanidc 
I . ,  . . ..-... , . "-"."<& - ' 1 -  J - 
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U 
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I ~ e r c k c  sirs 
Mercurous nitrare 
Mercury ! A  A 1 

Macityl oxide i u  . u !  
Metallic soaos A ! A  1 
Methane 
Mathul aretst .  



Siluic acid 
Silicon8 oi l  
Silver salts 
soaps 
Soap solution 
Sodium hydroxide 
Sodium hypochlorh A 
Sodium sla 

. Sour crude oil ! 
Snnnic chlorida i 

Methyl sulfata . . A 1 u I! Phenol U : U I 
'I 

Mathyl sulfonic acid A A :: Phenylcarbinol : U ' U 

Methyl alicylata : A A 1 ~etroleum liquifier . A : A 

palmitic acid l m  
Palmitic acid 70% 
Paraffin 
Pemane 
Paracetic acid 40% 
Perthloricacid 10% 
Perchloric add 1% - 70% 
Penhlorosthyltnr 

Mahyi bromida 
Methyl cellosOlve 
~ n h y l  chloride 

PVC 1 

Stannouschloride i 
'. Stannous chloride (50%) 1 

Meth+~thacr$ateIhU4Al ' A U 1 P8tr018Nm 

~ J * F .  

A 
A 
A 
L 
L 

Muhylanc $slides u u jl Phenyihydrazina U U I! Starch ! 
Milk A i A '! Pheryhydrazk h,&oc~r& . U U jj Stcaric acid 

A. I L )i Phoqene (gas) A U j \  Stoddard solvent I Mintrnl oik U : U  : 
i Mixrd acids IHzSO. & / Phowene (liquid1 U U I: Sulflta liquor A : A  i 1 

HNDd L : u : Phorphoricacid 0 25% A A :, Sulfur A ( A i .  1 I 
i MoIass8s A A . Phosphoric acid 25 a 85% A A Sulfur dioxide gas. dry A . A  , I 

Monochlorobanzenc U u Phosphoms (redl A A : S u l t ~ l  dioxide qas - wet A U J  
U U Phorpho~s (yellowl A L .. Sulfur dioxide liquid Monttnanokmine L U \  

i 
Muriatic acid A A Phomho~s pentoxide A L . Sulfur trioxide - dry , A A .  

1 
Phorphoms trichloride U U ' Sulfur 1rioxide.wt A L l  

I 
Naphtha A A 

Photographic chemicals A A , Sulfuric acid 0 . 70% 
Naph~haiene 

A ' A  i 
Photographic solutiom A A . Sulfuric acid 70.90% 

Narural gas, dry & wet 
A ~j 

A A ~ i c r i c  sdd U U I Sulfuric acid, 90.  100% L u i  
Nickel ala . 

A A Plating solutions: melals A L j Sulfurous acid U U !  
Nicotine ' A  . L  :. A A Potasriumacidmlfats 
~ ico t in ic  acid A ' A ! Tall oil A ! A  1 

Potanium elkyl xanrhatet , A U 
Nitric acid anhydrous , i PotaPjum hydroxide A A !: Tannic acid 
Nivic acid 10% : Tanning liauorr ! 

A ! A  i 
A A : Pofsrsiumhypochlorite 
A ; L  'I ' A  L !I 

Nitric acid 20%. 76% 
I! Potaniumpermanganale 1096 A , A i; Tartaric acid A ' A  T I 

Nitric acid 80% Tsrpinool ij ~oiunperrmnganare25% L u ,, 
u I u  I i 

Nitric acid 9036 L : L  1 : ~otarrium s l ts  A A :. Tetrachloroethane 
Nitric acid 1OEh I ' 

11 propane ! A  A ! '  ' Tetraethyl lead L ; U  
Nltric acid red fuming U : U  . ,, :: Tetrahydro furan $ Pmpivlene dichloride 
Ni t robalum i Propvleneglycol A A , Thionyl chloride U ! U  
Nitroglycwina ! Tin chloride I ii Propylane oxide : u A , A  ! I 
Nitroglycol I 

' Pyridina Titanium retrachloride U U : j  
1 

Nitropropane I '; T_oluo! (lolgnel I 1 PymQaIBacid U :.. u.. 
A J L  Nltrour acid (1W61 i Tributyl citrale A ! U  i i 

Nitrous oxide A L '! Rayon coagulating bath ' A A ;I Tributyl phosphate 
I I/ Rochelle SIU : A A 1 ,  Trichloroacericacid 

Oil and fao A : A  ;j/Trichloroerhylene 
Oleic acid A A Salicylaldehydt : L L ): Tricrewlphosphate 
0 Ieum U U : Salicylic acid ' A A ' i  friethanolamine 

I 
L . U  1 

Olive oil L : 
u i Salt water !I 

I A , A 1 .  Triethvlamine A L t  I 

7xalic acid 
Oxygen Selenic acid phosphate : A  A 
Ozone Sewage, residential - 

-i 
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1 ~ ' d  
A 
U 
A 
L 
U 

PVCl . 

A L 

L ( U 
L 
A : 

7a°F. 

u 
u 
u 

Methyl chloroform u I U , Methyl cyclohexanonc . 
! Methylelhyl k!tona (MEK) ; U 

Methyl ire-buiyl ketont . 
(MIBKI I U  

14o0P. 

u 
u 
U 
U 

u 



Vaslinc 
vqeobh  oil 
Vinegar 

Vinyl acPtatS- 

Water - acid mini 
Water dinillad 

Warm. fnrh 
Wanr - salt 
Water - swage  
Whizkw 
Whits gsmlinl 

Whlte b.pz (paper 
Wines 

PLASTICS CORPORATION I ~ . ~ I I F A C T I J R E R S  PLAsTic PIPE 

BOO RIVERSIDE DRIVE 1 
P.O. BOX 1450 

ASHEVILLE, NORTH CAROLINA 28802 
PHONE 1704) 252-6755 
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