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This list is supplied as an reference guide to the acronyms and abbreviations used throughout this 
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EXECUTIVE-SUMMARY DRAFT 

Site 88 (Building Hp25) is the location of the base central dry cleaning operation. Dry cleaning 
operations have been conducted there since 1940’s using first Varsol and then tetrachloroethene 
(PCE) as dry cleaning fluids. Environmental investigations have detected the presence of both 
compounds in the subsurface. In particular, free-phase PCE, a dense nonaqueous phase liquid 
(DNAPL), has accumulated in two shallow wells installed adjacent to the facility during August of 
1997. 

The Naval Facilities Engineering Service Center (NFESC), in collaboration with the U.S. 
Environmental Protection Agency (EPA) National Risk Management Research Laboratory 
(NRMRL), is investigating the surfactant-enhanced aquifer remediation (SEAR) technology for 
the remediation of sites contaminated with DNAPL. This work is being conducted under the 
DOD’s Environmental Security Technology Certification Program (ESTCP). The purpose is to 
perform additional validation of SEAR in order to promote its commercialization for the rapid 
cleanup of DNAPL sites owned by the government and industry. Based on the results of recently 
completed DNAPL investigations, Site 88 has been identified as a suitable site to conduct a 
demonstration of SEAR technology. In addition to subsurface treatment by surfactants, this 
demonstration will include procedures to recover surfactant from the effluent stream for reuse. 

To investigate the ability of SEAR technology to remediate the site, the quantity of contamination 
present both before and after the surfactant flood must be measured. Because soil cores cannot 
be relied upon to provide reliable DNAPL saturations over large zones, the volume and extent of 
the DNAPL contamination at the demonstration area will be determined by conducting 
partitioning interwell tracer tests (PITTs). The SEAR demonstration will involve a pre-surfactant 
flood PITT, a surfactant flood, and a post-surfactant flood PITT. 

The PITT was developed by Dr. Gary A Pope of the University of Texas Department of 
Petroleum and Geosystems Engineering. Application of PITT technology to the environmental 
field was developed in conjunction with Dr. Richard Jackson of Duke Engineering and Services 
(DE&S). PITTs involve the injection of a suite of tracers in one or more wells and the 
subsequent extraction from one or more other wells in a well field. Analysis of the test results 
allow the detection and estimation of the volume of DNAPL present in the aquifer between the 
injection and extraction wells. 

Duke Engineering and Services (DE&S), has been retained by the Navy to: 

l conduct preliminary field work in support of a PITT; 

l select the tracers to be used in the PITT; 

l design the PITT; and 

l conduct the pre and post-surfactant flood PITTs in the ESTCP demonstration area. 
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The results of the pre-surfactant flood PITT will be used in the design of a surfactant flood to be 
conducted during the summer of 1998. This work plan details the activities to be undertaken to 
perform the pre-surf&ant flood PITT. The PITT is scheduled for the months of January and 
February, 1998. 
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1.0 INTRODUCTION 

1.1 The Migratioti, Dissolution and Fate of DNAPL in Alluvium 

During 1992, the United States Environmental Protection Agency (EPA) published a document 
defining DNAPL-related terms that are used in this work plan. Moreover, this document also 
presents the conceptual model for DNAPLs in the subsurface in which ground-water flow through 
a DNAPL zone generates a dissolved-phase plume (EPA, 1992). This model is now well 
established, largely due to the work of J.A. Cherry and colleagues (Mackay and Cherry, 1989; 
Pankow and Cherry, 1996). 

.- 

The EPA (1992) defines a DNAPL site as “‘a site where DNAPL has been released and is now 
present in the subsurjace as an immiscible phase”, i.e., either gee-phase and residual DNAPL or 
simply residual DNAPL alone. Residual DNAPL is that immiscible liquid trapped by capillary 
forces within the sand and silt fraction that comprises the aquifer system. lit the saturated zone it 
consists of discrete drops or ganglia and is immobile. In contrast, free-phase DNAPL is present 
along continuous pathways through the aquifer and is mobile. Free-phase DNAPL can be 
expected to be present when the volume of DNAPL released to the subsurface is large compared 
to the available pore space within which it might become trapped by capillary forces. 

The aqueous solubility of many DNAPLs, including the PCE found at this site, is relatively low. 
As such, mass transfer to the aqueous phase is limited. Conventional pump and treat operations 
rely on the mass transfer of the contaminant to the aqueous phase and as such are ineffective for 
the remediation of most DNAPL contaminated sites. This failure of ground-water extraction to 
remove significant amounts of DNAPL trapped in very permeable alluvium is quite typical 
(Mackay and Cherry, 1989). Consequently, in the late 1980% those interested in aquifer- 
restoration research and development began to consider technologies developed for enhanced oil 
recovery (EOR) by the petroleum industry. Of these EOR technologies, surfactant enhanced oil 
recovery was particularly advanced and promised significant benefits once adapted for 
implementation in shallow unconfined aquifers contaminated with chlorinated-solvent DNAPLs 
(Pope and Wade, 1995). This new technology has become known as surfactant-enhanced aquifer 
remediation or SEAR. 

1.2 Project Overview 

p 

-- 

The quantity of DNAPL that has entered the shallow aquifer at Site 88 is not known although 
preliminary investigation indicates it may be confined to a relatively limited area on the north side 
of Building HP25, the main dry cleaning facility for the base. DNAPLs have densities greater than 
that of water, low viscosities, and low solubilities in water, which allows them to quickly 
penetrate the unsaturated sediments, sink through the water table, and migrate as a separate liquid 
phase to accumulate or “pool” in the topographic lows in the surface of the underlying aquitard. 
As the DNAPL migrated through the sediments, a portion of the contaminant mass was trapped 
by capillary forces behind the advancing front as immiscible blobs or ganglia in the pore spaces. 
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Consequently, DNAPL is found as both free-phase (mobile) and residual (trapped) DNAPL in the 
subsurface at Site 88. 

Free-phase DNAPL can be pumped out of the aquifer but a sign&ant fraction remains as residual 
contamination. The residual contamination remains as a long term source due to low aqueous 
solubilities and limited biodegradation. Although conventional greund water pump and treat 
operations have been shown to be largely ineffectual, SEAR technology has shown great promise 
for the rapid and cost effective remediation of the DNAPL source area. The purpose of this 
demonstration is to perform additional validation of SEAR in order to promote its 
commercialiition for the rapid cleanup of DNAPL sites owned by the government and industry. 
The implementation of DNAPL remediation technologies such as SEAR will not only reduce the 
long term health and environmental risk of these sites but will also allow remediation to be 
achieved cost effectively. Based on the results of recently completed DNAPL investigations, Site 
88 has been identified as a suitable site to conduct a demonstration of SEAR technology. In 
addition to investigating subsurface treatment by st&&tants for DNAPL removal, an additional 
facet of this demonstration is to evaluate the feasibility of surfactant recovery processes to recycle 
and reuse surfactants. 

/-- 
To investigate the effectiveness of SEAR technology in ac&mplishing DNAPL removal, it is 
necessary to measure the quantity of contamination present both before and after the surf&%& 
flood. Because samples collected from point locations, such as those provided by soil cores, 
cannot be relied upon to provide reliable data over large zo$3’tlume andextent of residual 
DNAPL contamination of the shallow aquifer at the STCP demonstration area will be 
determined by the injection and subsequent extraction of partitioning and non-partitioning tracers. 
The overall demonstration will consist of a pre-surfactant flood partitioning inter-well tracer test 
(PITT), a surf&tam flood, and a post-surfactant flood PITT. This work plan details the activities 
to be undertaken to perform the pre-surfactant flood PITT. This PITT is currently scheduled for 
the months of January and February, 1998. 

-- 
1.3 The Partitionirg InternelI Tracer Test (PITT) 

Studies of residual DNAPL distribution in heterogeneous, sandy aquifer materials indicate that 
cores are unlikely to either locate or provide reliable estimates of the volume of DNAPL at the 
field scale. This is true because the representative elementary volume of residual DNAPL appears 
to be very much larger than that provided by cores (see Mayer and Miller, 1992). Earlier this 
century, hydrogeologists recognized the inadequacy of using permeameters to measure field-scale 
hydraulic conductivities and turned to the development of inter-well hydraulic interference 
(pumping) tests. Similarly, it has now become desirable to move away from a reliance on cores 
alone to locate and estimate DNAPL volumes in the subsurface and to use interwell tests to 
estimate the residual or pooled DNAPL volumes over mean&@ distances at the field scale. 

The PITT was developed at the University of Texas by Dr. Gary A. Pope of the Department of 
Petroleum and Geosystems Engineering during the early 1990s. Application of PITT technology 
to the environmental field was developed in conjunction with Dr. Richard Jackson of Duke 
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Engineering and Services (DE&S). Duke Engineering and Services and the University of Texas 
currently have three patents pending on this process. 
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The PITT was developed from a predecessor that had been first used by the oil industry to 
measure the residual oil saturation that is homogeneously distributed in water flooded well fields. 
Pope and colleagues modiied the method so that not only the residual oil saturation but also the 
swept pore volume and therefore the total volume of heterogeneously-distributed DNAPL could 
be determined. Therefore, the PITT allows the detection and volume estimation of DNAPL. A 
particularly important application of the test is remediation performance assessment, i.e., the 
testing of the volume of DNAPL before and after a remediation effort. 

The PITT involves the injection of a suite of tracers in one or more wells and subsequent 
extraction from other wells in a well field. Conservative (i.e., non-partitioning) tracers pass 
unretarded through the DNAPL zone, whereas the partitioning tracers are retarded due to their 
partitioning into and out of the DNAPL. In the unsaturated zone of an aquifer, the tracers 
employed are gases, whereas liquid tracers (e.g., alcohols) are used in the saturated zone. The 
arrival times and concentrations of the tracers at the extraction wells are used to measure the 
volume of DNAPL in the interwell zone. This demonstration will use liquid tracers to 
characterized the DNAPL contaminant distribution in the shallow aquifer at Site 88. The tracer 
selection process and description of those to be used in this demonstration are discussed in 
Section 3.2. 

1.4 Project Outline 

This project will be a further validation of SEAR technology for the in-situ remediation of 
aquifers contaminated with organics present as DNAPL. In addition, the demonstration will 
include procedures to recover surfactant from the demonstration effluent for reuse. PITTs will be 
conducted to determine the DNAPL saturatio’ns before and after the surfactant flood to evaluate 
the performance of the technology. 

The steps involved in conducting a PITT are: 

site characterization; 

tracer selection; 

numerical design; 

and conduct of the PITT. 

Each of these steps will be discussed in greater detail in the following sections. 

3 



1.5 Project Time Line 

A tiieline showing the major tasks planned for the project is presented as Figure 1. 

- 

-- 
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2.0 BACKGROUND AND SUMMARY OF EXISTING 

INFORMATION 

2.1 Site Location and Setting 

Site 88 is located near Post Lane and Virginia Dare Drive in the “Hadnot Point Industrial Area” 
on Marine Corps Base Camp Lejeune, North Carolina. The site terrain is relatively flat with an 
elevation of approximately 25 feet above mean sea level. The site is surrounded by barracks, 
office buildings, and other occupied structures. The nearest surface water body is the New River 
which is located approximately 3,000 feet west of Building 25. There are no active water supply 
wells located within a one mile radius of the site. The nearest active water supply well is HP-642 
which is located approximately 1.5 miles east of the site. 

2.2 History of Operations 

2.2.1 Sources of Contamination 

Building 25 has been operating as a dry cleaning facility since the 1940s. Varsol was in use as the 
dry cleaning fluid from the 1940s through the 1970s. During the 197Os, due to the high 
flammability of Varsol, the facility began to use tetrachloroethene (PCE) as the dry cleaning fluid. 
The Varsol was stored in underground storage tanks located on the northern side of the building. 
These tanks, most probably installed in the 194Os, were removed in November of 1995. The PCE 
was stored in the same vicinity as the Varsol but in 150 gallon above ground storage tanks. 
Currently the dry cleaning machines are equipped with self containment units, eliminating the need 
for separate storage tanks. The first such unit was brought on-line in December 1986, and the 
second in March 1995. 

At the time the underground storage tanks were removed in 1995, contamination of the soil and 
ground water was suspected. The tanks, floor drains, and associated underground pipes may have 
provided conduits for contamination to reach the subsurface. 

2.2.2 Previous Site Characterization Activities 

Beginning in November 1995 a series of investigations have identified the extent of dissolved 
phase contamination at Site 88. During the course of this work, a total of 41 temporary 
piezometers and 21 permanent observation wells have been installed. These wells have been 
installed to monitor both the shallow aquifer, in which the PITT will be conducted, and the 
underlying aquifer. Figures 2 and 3 show the locations of these wells. Figures 4 and 5 show the 
extent of the dissolved phase plumes. 

Because these early site characterization studies focused on defining the extent of the dissolved 
organic solvent plume, little was actually learned about the DNAPL contamination at Buildiig 25. 

PilTINEw.Ixx! 6 
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During July and August 1997, personnel from DE&S and Baker Environmental commenced 
characterization activities in support of a SEAR demonstration for the DOD’s Environmental 
Security Technology Certification Program (ESTCP). This field work included soil coring, soil 
sampling, and hydraulic testing a section of the shallow contaminated aquifer. A total of 13 soil 
cores were completed in the shallow aquifer as well as three wells. The approximate locations of 
the soil cores (IS-1 through IS-13) and wells (RW-01, RW-02, and IW-0 1) are shown on Figure 
6. The result of this effort has been to identify an area on the north side of Building 25 with an 
accumulation of free-phase and residual PCE contamination. Free-phase PCE accumulated in 
both wells RW-01 and RW-02. Approximately 1.5 liters of free-phase PCE were pumped from 
RW-02 and sent to the DE&S Austin, Texas office for use in the selection of tracers and to the 
University of Texas at Austin for use in the selection of surfactants. Soil cores were sent to the 
DE&S Austin office to be used in tracer selection as well as to the University of Oklahoma for 
surfactant column studies. The density and viscosity of the DNAPL collected at the site were 
subsequently determined to be 1.58 gm/cc and between 0.8 and 1.1 centipoise respectively. 

Subsamples were taken of the soil cores and preserved in the field with methanol. Methanol 
preservation was used to reduce the partial pressure of the volatile organics and thereby mmimize 
their loss from the samples prior to analysis. Analysis of the methanol-preserved samples for 
volatile organics by SW846 8260A reveals concentrations of PCE from non detect (ND) up to 
26,000 ppm. Other chlorinated volatile organics, such as TCE, DCE, and VC, were also 
detected but at lower concentrations. Analysis of the results using the code NAPLANAL 
(Mariner et al, 1997), developed by DE&S, shows residual NAPL saturations between zero and 
over 11 per cent. Table 1 shows the sample locations, sample depths, contaminant 
concentrations, and estimated NAPL residual saturations. The estimates are based on an average 
porosity of 30 per cent and a fixed organic carbon content of 0.58 per cent. 

G-rain size analyses of soil samples taken near the bottom of the shallow aquifer at soil cores IS-08 
and IS-10 show the sediments to range from very fine sand to silt and clay. A copy of the grain 
size curves is included at Appendix A. Additional soil samples were collected for analysis of the 
fixed organic carbon content by ASTM D2974-87. The results are shown with the volatile 
organics concentrations and estimated residual NAPL saturations on Table 1. 

Ground water samples were collected at wells RW-01 and RW-02 in August, 1997. The 
concentrations of dissolved PCE, TCE, DCE, and VC detected in the samples are shown in 
Table 2. Reference to the table shows that 170 and 150 ppm dissolved PCE respectively were 
detected in the samples from the two wells. Given that the aqueous .solubility of PCE at 23 
degrees Celsius is approximately 240 ppm, (Broholm, K. et al., 1992 and West, C., 1992) the 
results further demonstrate the degree of contamination found in this area. 

A short duration, 7.0 hour constant rate pumping test was conducted. Water was extracted from 
well RW-02 at 0.5 gallons per minute, Water level drawdown was recorded at the pumped well 
and surrounding observation wells. Analysis of the results using the Neumann method yields an 
average hydraulic conductivity of 5 x lOA cm/set and a specific yield of 0.011. 
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Table 1. 
Concentration of Select Volatile Organic Compounds 

in Subsurface Soils, Site 88 
MCB, Camp Lejeune, North Carolina 

n 
DCE 

FOC 
I 

NAPL 
% Saturation Ye 

Depth 
(ft bgs) 

5.2-5.5 
8.0-8.25 

8.5-8.75 
10.0-10.25 

8.0-8.25 

8.5-8.75 
8.8-9.1 

16.3-16.4 

2.5-2.75 
5.8-6.0 

7.5-7.75 

12.b12.2 

2.5-,2.7 

5.6-5.8 

8.1-8.3 
10.2-10.4 

Joncentral 
TCE 

ND 

3.5 
24 

4.8 

1.1 
1.6 

ND 
ND 

ND 
0.02 
ND 

ND 

Sample ID PCE 

ND 
37 

63 
65 

7 

8.9 

7.8 
0.067 

10 
0.78 

4 

4.2 
130 

390 
2,100 

220 

1.8 

0.074 
110 

32 
1,200 

9,500 
4,100 
1,800 

800 
1,100 

110 
15 

48 

16 
19,000 
2,900 

9,500 

37 
20 
25 

vc 

1.8 
ND 

ND 
ND 

0.33 
ND 
0.98 

ND 

ND 
ND 
ND 

ND 
ND 

ND 

ND 
ND 

ND 

3.5 
4.8 

ND 
ND 

ND 

ND 

ND 
ND 
ND 

ND 
ND 

ND 

ND 
ND 
ND 

ND 

ND 
ND 
ND 

12 

22 
31 
20 

0 
0 

0 k 0 

0 
0 
0 

IR88-ISO1-1 
lR88-Ml-2 

IR88-ISO1-3 
IR88-ISO1-4 

lR88-ISO2-1 

IR88-ISO2-2 
IR88-ISO2-3 

8.1 
17 

32 
ND 

ND 
0.029 
0.1 

ND 

ND 
ND 

ND 
ND 

lR88-IS02-4 

IR88-ISO3-1 
IR88-ISO3-2 
lR88-ISO3-3 

IR88-ISO4-1 

IR88-ISOO5-I 

IR88-ISO5-2 

IR88-ISO5-3 
IR88-IS05-4 

ND 
ND 

ND 
15 

9.14.3 lR88-ISO6-1 

IR88-ISO7-1 
lR88-ISO7-2 

lR88-ISO7-3 
lR88-IS07-4 

ND ND 

ND 2.1 
3.9 46 

2.2 18 
ND ND 

5.0-5.2 
8.5-8.7 

10.9-11.1 
18.3-18.5 

0 

0 
0.36 

4 
4.03 

1.65 
0.62 

0.20 
0.37 

lR88-ISOS-1 
JR88-ISOS-2 

IR88-ISOS-3 
IR88-ISO8-4 

IR88-ISOS-5 

IR88-ISO9-1 
IR88-ISO9-2 

IR88-IS10-1 

17.5-17.75 

18.6-18.8 

19.3-19.5 
4.6-4.8 
7.2-7.4 

10.5-10.7 
14X-14.8 

15.3-15.5 

16.1-16.4 
17.1-17.3 
17.7-17.8 

16.3-16.5 

ND ND 
27 ND 

ND ND 
84 ND 

180 ND 

ND ND 

ND ND 

2.2 2.2 
0.5 0.6 
ND ND 
ND ND 

ND ND 

0 
0 

0 

0 
8.26 
1.11 

4.03 

IR88-IS10-2 
lR88-IS10-3 

lR88-ISO10-4 

lR88-ISll-1 

IEUS-IS 12-01 15.5-15.7 
IR88-IS 1202 16.0-16.2 
IR88-IS12-03 17.0-17.2 

IR88-IS12-08 16.2-16.5 

ND ND 
0.16 ND 
ND ND 

0 

0 
0 

0.36 ] 
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Table 1, continued 

Samule ID 

Ilus-IS13-01 
IR88-IS13-02 
IR88-IS1343 
IR88-IS13-08 
IR88-IS13XI9 

IR88-RWOlal 
IR88-RWO142 
IR88-RWO143 
IRSS-RW-Ol-05 
lRS8-RWO2-01 
JR88-RWO2-02 
lR88-RWO2-03 
IEUiS-RWO2-04 
lR88-RWO2-09 
IR88-IWO1-01 
IR88-IWO1-02 
IR88-IWO1-03 
IR88-IWOl&I 
IR88-IWO1-06 
IR88-IWO149 

Depth 
(ft W 

17X1-17.2 
17.5-17.7 
18.0-18.2 
859.0 

17.5-17.7 
17.0-17.2 
18.0-18.2 
20.0-20.2 
9.5-10.0 

17.0-17.2 
18.0-18.2 
18.5-18.7 

9.0-9.5 
18.0-18.5 
17.5-17.7 
18.0-18.2 
18.5-18.7 

9.0-9.5 
4.0-4.5 

18.0-18.5 

T 
PCE 

5,500 
18,000 

4,800 

22 

7,900 
1,300 

12 
730 

3,600 

100 
26,000 
4,200 

1.4 

:oncentraI 
TCE 

ND 
ND 
ND 

ND 
ND 
ND 

ND, 
ND 
ND 

ND 
ND 
ND 

ND 

Notes: Samples collected during July and August, 1997 

PCE = tetrachloroethene 
TCE = trichloroethene 
DCE = cis-1,2dichloroethene 

VC = vinyl chloride 
ND = compound nat detected 
=-” = compound not analyzed 

FOC = fixed organic carbon 

NAPL = non-aqueous phase liquid 

PITr1NEw.Doc 14 

n 
DCE 

Fir 
ND 
ND 

ND 
ND 
ND 

ND 
ND 
ND 

ND 
ND 
ND 

27 

vc 

ND 

ND 
ND 

ND 

ND 
ND 

ND 

ND 
ND 

ND 
ND 

ND 

ND 

T FOC 
% 

0.76 

0.87 

0.29 

NAPL 
Saturation Ye 

2.25 
7.81 
1.94 

0 

3.32 
0.40 

0 
0.15 
1.42 

0 
11.39 
1.68 

0 
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Table 2. 
Concentration of Select Volatile Organic Compounds 

in Groundwater 
(Site 88) 

Camp Lejeune, North Carolina 

Sample ID 
Well Depth 

m bgs) 

Concentration (jq/L) 

37,000 1,400 1,500 ND 
:...:.:.~.:.:...:.:...( .,.,. :.;:.:.:.:.:.:.: . . . . . . . . . : .: :_, .I. . . . .T.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . :... i,._.i,.,.i,._.i,.ii,.,.,...,.,.,...,.,...,.,.,., .:.:.:.:.:.:.:.::::.:.:.:.:.:.:.:.:.:.~:~~ ,:,:. ~ :.:.:.:.:(.~.:(.:.:.:.:.~.: -::i:I:~::#:~~:~:X:~i~:~::::~~~:~~::::~::~~~~:::~;::::~: ..::,:j,:::j::::::j::::j::::jj::j::::j::::j:::~::::~:::::::~.::: ~:i~~~.~~ :.s~~~~~~~~~~ :~~~~~~~~~~~ igip~~~~~~: .., -.....-.... .A, :.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

IRS%RWOl-97C 170,000 3,200 11,000 ND 

IR88-RWO2-97C 150,000 3,500 10,000 ND 

Notes: PCE =tetrachloroethene 
TCE = trichloroethene 
DCE = cis-1,2dichloroethene 
vc = vinyl chloride 
“ND” x compound not detected 

Phase I sample eolleeted July 26,1997 
Phase II samples collected August 22,1997. 

2.2.3 Remedial Activities at Site 88 

At present, there are no remedial activities being undertaken at the site. 

2.3 Site Characteristics 

2.3.1 Site Stratigraphy 

A fairly consistent depositional sequence was observed in borings across the site. Very fine sands 
and silt were encountered from the sufface to a depth of approximately 18 feet below ground 
surf&x (bgs). Below this, a silty clay was encountered to 21 feet, the maximum depth of 
sampling conducted during the soil coring and well installation activities in July and August, 1997. 
Previous investigations have reported that the clay layer is laterally discontinuous. 

Boring logs for monitor wells completed in the area show the clay layer to be underlain by fine to 
medium wd with some silt to a depth of over 100 feet bgs. This unit is identified in the Baker 
Phase I investigation r-port as the upper portion of the Castle Hayne aquifer. In areas were the 
clay layer reported above is not present, the shallow aquifer and Castle Hayne aquifers are in 
direct hydraulic communication. 

2.3.2 Hydrogeologic Setting 

In the demonstration area, the shallow aquifer is separated from the upper portion of the Castle 
Hayne aquifer by a clay aquitard. Those cores completed into the clay layer show it to be at least 

-- 



- 

three feet thick. Water levels in the Castle Hayne aquifer are approximately 7 feet lower than 
those in the shallow aquifer. The difference in water levels between the shallow aquifer and the 
upper portion of the Castle Hayne aquifer as well as the fact that DNAPL has pooled on the clay 
layer in the demonstration area attest to its competency as an aquitard. The direction of ground 
water flow in the shallow aquifer is generally to the southwest. 

2.3.3 DNAPL Distribution 

- 

While soil cores and wells cannot provide reliable DNAPL saturations over large zones of the 
subsurface, they can provide information on the approximate location of DNAPL present in the 
subsurface. The analysis of soil samples can provides an approximate value of residual saturation 
which can be used for designing PITTs and surfactant floods using a multiphase simulator such as 
UTCHEM. The NAPLANAL program was used to calculate the partitioning of chlorinated 
hydrocarbons in soil and ground water from soil sample analyses to determine the residual 
DNAPL saturations reported in Table 1. 

Investigative activities conducted at the site in July and August, 1997 show that free-phase 
DNAPL is present in the subsurface at wells RW-01 and RW-02. This free-phase DNAPL is 
perched upon the clay aquitard defining the base of the shallow aquifer in the demonstration area. 
Residual DNAPL saturations of 0.4 to 11.4 per cent were found at the base of the shallow aquifer 
at soil borings IS-01, IS-08, IS-lo, IS-11, IS-13, and wells RW-01, RW-02, and IW-02. Free- 
phase DNAPL collected in the sumps of well RW-01 and RW-02. At present, the aerial extent of 
residual and free-phase DNAPL contamination of the shallow aquifer appears to be confined to a 
relatively limited area on the north side of Building HP25 

2.3.4 Surface Water 

There are no surface water bodies in the immediate vicinity of the site. The New River, located 
approximately 3,000 feet west of the site, is the nearest surface water. 

.- 

2.3.5 Water Supply Wells 

-- There are no active water supply wells located within a one mile radius of the site. The nearest 
active water supply well is HP-642 which is located approximately 1.5 miles east of the site. 

-- 
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3.0 PITT DESIGN AND MODELING 

3.1 PITT Design Simulations 
- 

- 

The successful implementation of field-scale PITTs requires the development of an engineering 
design strategy using careful and systematic modeling. Simulation modeling prior to the 
realization of the field test is used to obtain optimum design parameters such as injection and 
extraction rates, amount of tracers needed, sampling rates, and sampling times. UTCHEM, a 
multi-dimensional, multi-phase chemical compositional simulator developed at the University of 
Texas (Delshad, et al. 1996), was used to design the PITT scheduled for Site 88. UTCHEM has 
been used for simulating and designing several PITT.s performed by INTERA and The University 
of Texas and is recognized by the EPA as an approved numerical simulator to model DNAPL 
problems. PITTs performed at Hill OUl, Hill OU2, DOE Portsmouth, Air Force Plant 4 and the 
PPG facility at Lake Charles, LA were designed using UTCHEM. 

- 

- 

To provide an example of the applicability and utility of the UTCHEM simulator for designing 
PITTs, Figure 7 compares a prediction made by UTCHEM prior to the SEAR demonstration with 
the actual results of the initial PITT. Note the very close match between the measured tracer 
concentrations and the concentrations predicted by UTCHEM. This close match is attributable to 
accurate site characterization in terms of local hydrogeology and the subsequent development of 
an accurate aquifer model. Moreover, it can be concluded that the UTCHEM simulations can 
accurately address issues critical to designing field demonstrations provided an accurate 
geosystem model is developed. 

The information obtained from the characterization activities described in Section 2.0 were 
incorporated into a preliminary geosystem model. This geosystem model contains the best 
estimate of 

l The geometry and structure of the aquitard 

- l The nature, extent and hydraulic properties of the shallow aquifer 

l The fixed organic carbon content of the shallow aquifer 

l An estimate of the spatial distribution of the DNAPL in the source zone of interest, 
and 

- 

l The functional relationships controlling multiphase flow in the geosystem, such as 
capillary pressure and relative permeability functions for the alluvium and aquiclude 
with respec; to the DNAPL. 

A number of sensitivity simulations were run to study the behavior of diierent partitioning tracers 
and to formulate an optimum design strategy for the PITT. These sensitivity studies include 
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-- 

varying the injection-and extraction rates and the amount and distribution of DNAPL. The results 
of these sensitivity studies were then used to: 

l Aid the selection of the partitioning tracers 

l Determine the duration of the tracer test 

l Determine the mass of each tracer needed 
C 

l Determine the injection and extraction rate, 

l Predict the swept volume 

l Predict the extraction well effluent tracer concentrations, and 

l Predict the amount of tracer recovered at the end of tracer test. 

An optimum operation design was chosen based upon the results of these sensitivity studies. The 
actual results may vary somewhat for a variety of reasons, including the uncertainties in the 
aquifer structure, soil heterogeneity, and distribution of DNAPL in the swept pore volume. 
However, the test can be successful over a very wide range of uncertainty due to the robustness 
of the PITT tracer design, and the sensitivity of the test to DNAPL mass in the swept test volume. 
The information gained from the first PITT tracer test will be of great value in making final design 
decisions for the following surfactant flood and final PITT. 

- 
Figure 8 shows the well array and the simulated flow patterns during the injection/extraction 
operations. These flowlines are generated by a well array which consists of 2 rows of 3 extraction 
wells placed on either side of a center row of 3 injection wells, and 2 hydraulic control (potable 
water injection) wells to block movement of the injectate beyond the demonstration area. 
Simulations based on this well placement indicate a 93% capture efficiency for the injected tracers 
leaving average tracer concentrations in the shallow aquifer in the l-5 ppm range. Tracers 
remaining in the subsurface, principally alcohols, are expected to biodegrade. Further discussion 
of the well layout, flow rates, hydraulic containment, and well construction is provided in Section 
4.0. 

3.2 Tracer Selection 

When selecting partitioning tracers for use in the PITTs, there are a number of tracer performance 
criteria that must be met. These include: 

0 Environmental acceptability 

l Chemical and biological stability 

l Insensitivity to the precise composition of all pertinent subsurface contaminants 



- 

.- 
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l Low detection limits 

l Cost effectiveness, and 

- l Reasonable market availability. 

- 

A number of aliphatic alcohol tracers such as isopropanol, 1-Propanol, 1-Pentanol, 2-Ethyl- 
1-butanol, 1-Hexanol, 2,2-Dimethyl-3-pentanol, 1-Heptanol and 1-Octanol have been identified, 
extensively tested in the laboratory, and successfully used in PITTs at other locations. Soil and 
DNAPL from Site 88 were used in the laboratory testing for the selection of the tracers to be used 
for this demonstration. 

- 

- 

When both partitioning and non-partitioning tracers are injected into the subsurface, the non- 
partitioning tracers move with the velocity of the carrier phase (usually water). The partitioning 
tracer molecules partition between the aqueous and nonaqueous phases and are retarded. This 
retardation depends on the partition coefficient and the volume of DNAPL in the soil. Since 
alcohols with known partition coefficients are used, an estimate of the residual DNAPL saturation 
can be obtained from the retardation of the partitioning tracers. 

The first step in the tracer suite selection process for a particular PITT is to determine the number 
of tracers to be used. Theoretically, only two tracers, one non-partitioning and one partitioning, 
are required for an interwell test. In practice, however, a suite of tracers with diierent 
partitioning coefficients are used to improve the accuracy of the tracer test results. This is 
especially true when there is a large range of uncertainty in the quantity and distribution of the 
DNAPL in the zone to be swept by the test. 

The partition coefficients of the tracers should result in a retardation factor in the range of 1.2 
to 4 to obtain good separation of the non-partitioning and partitioning tracers for a reasonable test 
duration and provide accurate estimates of residual DNAPL saturation. Since the retardation of 
the partitioning tracers is proportional to the volume of DNAPL present and the partition 
coefficient, a small DNAPL saturation and a small partition coefficient will translate into a small 
retardation of partitioning tracers. Hence tracers with a wide range of partition coefficients are 
required for characterizing the DNAPL saturation of a DNAPL contaminated area. 

.- 

-- 

If the residual saturation is known to be relatively high, tracers with smaller partition coefficients 
are sufficient, and it is not mandatory to continue the test to obtain the response curves for the 
tracers with larger partitioning coefficients. If the residual saturation is lower than expected, the 
tracers with larger partition coefficients can ensure good separation of the tracer response curves, 
thereby giving a better estimate of DNAPL saturation. 

Site investigations in the source area indicate that DNAPL saturation generally increases with 
depth. Tracers with larger partition coefficients, such as I-Heptanol (IQ = 35.0 with PCE), are 
needed to quantify DNAPL saturations for well pairs were low saturations are anticipated, while 
tracers with smaller partition coefficients, such as I-Hexanol (K( = 8.1 with PCE), will be needed 
for well pairs completed in the zones with the highest residual saturations. Tracers with middle 
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range partition coefficients such as 2,4-Dimethyl-3-pentanol (I& = 15.0 with PCE), are needed for 
well pairs with in-between DNAPL saturations. Finally, it is anticipated that bromide, a 
conservative ion tracer, will be added to each tracer suite as a back-up for the non-partitioning 
alcohol. Propyl alcohol (I-Propanol) is usually used as the conservative alcohol tracer. 

Several laboratory experiments are required to identify partitioning tracers for use in field PITTs. 
These experiments consist of 

l static partition coefficient experiments 

0 column experiments. 

^ 

3 

-- 

As the name suggests, static experiments are batch experiments and are used to measure the 
partition coefficients of the alcohol tracers with the DNAPL from the site. Column experiments 
are fluid flow experiments in which alluvium from the target PITT area is used. Column 
experiments are used to determine the retention/retardation of the partitioning tracers by the 
uncontaminated alluvium. In addition, partitioning tracer column experiments in soils with a 
known volume of DNAPL can be used to determine the ability of partitioning tracers to 
accurately estimate the residual DNAPL saturation. 

Based on an extensive program of laboratory experimentation using soil and DNAPL from the 
site, the following tracers are recommended as candidate tracers for the proposed PITT at Camp 
Lejeune. The partition coefficients at this time are prelimimq and the final partition co&cients 
will be confirmed at the end of the laboratory study. 

Table 3. List of Candidate Tracers to be Used at Camp Lejeune 

Tracer 

Bromide 

i l-Propanol 

l-Hexanol 

2,4-Dimethyl-3qentanol 

LHeptanol 

i 2-Ethyl-l-hcxanol 

Partition Coefficient 

0.0 

0.1 

8.1 

= 15 

35.0 

=70 

Injected Concentrations 
ml& 

1,000 

l,ooo 

800 

Bromide and l-Propanol will be used as the conservative tracers. The bromide will mainly be 
used as a backup conservative tracer in the event of obtaining poor results from 1-Propanol. 
Some of the details pertaining to the partitioning tracers are presented in the following sections. 

In addition to the chemicals listed above, all the water injected into the wellfield will have 
1,000 mgh of calcium chloride. In studies at the DE&S laboratories, mobilization of fines fi-om 
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- 

columns packed with Camp Lejeune alluvium was observed during freshwater injection. This is 
due to the stripping of calcium ions from the clays in the subsurface. Mobilization of fines can 
cause plugging in the subsurface and compound existing fluid flow problems. The addition of 
1,000 mg/L calcium chloride will prevent the stripping of calcium ions from the clays and thus 
prevent mobilization of the fines. 

A solution of the above tracers will be injected into the subsurface. The concentration of these 
chemicals will be measured in the effluent. The well field will also have hydraulic control wells to 
minim& movement of the injected chemicals outside the target test area. 

Product Manufacturer, Name, Address and Phone Number 
.- 

The alcohol tracers will be purchased from Sigma Aldrich Industries. The address of the 
manufacturer is: 

Sigma-Aldrich Fine Chemicals, 
3050 Spruce Street, St. Louis, MO 63 103 USA 

Phone Number l-800-325-3010 

z- 

Contact Person: Tracy Langenberg 
Contact Phone Number l-800-3253010-ext. 2385 

Specific Ingredients in Product 

The list of the active ingredients in all the tracers is given in Table 4. 

Table 4. Active Ingredients in Alcohols 

Tracer Active Ingredients 

Bromide Sodium Bromide 

1Propanol Propyl alcohol or 1-9ropanol 

Hexyl alcohol, n-Hexanol or l-Hexanol 

2,4-Dimethyl-3-pentanol 

l-Heptanol 

2-Ethyl-l-hexanol 

Diisopropylcarbinol or 2,4-Dimethyl-3-pentanol 

Heptyl alcohol, n-Heptanol or l-Heptanol 

2-Ethyl- 1 -hexanol 

Toxicity Data 

I  

Since one of the important prerequisites for the partitioning tracers is that they be environmentally 
acceptable, results from some studies are summarized in Table 5. These results are from 
Verschueren (1983). Copies of some pages from this reference and material safety data sheets of 
all the chemicals that will be injected into the subsurface are provided in Appendix B. 
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Table 5. Biological Effects of Some Partitioning Tracers 

. 

Toxicity Threshold 
(cell multiplication inhibition test) I 

l-Hexanol 

I 

l-Heptanol 
mg/L mglL I 

baderia (Pseudomonas putida) I 62 I 67 I 

algae (Miercystis aenlginosa) I 12 I 3.5 I 

green algae (Scenedesmus quadricauda) I 30 I l7 I 

protozoa (Uronema parduczi Chatton-L woff) I 75 I 31 I 

93 17 
I 

In addition to the above information the following information describes the toxicity of the 
tracers. 

1-Pronanol 
Inhalation, mouse: L&I = 48 gmh3; Oral, mouse: LDSO = 6800 mg/kg; 
Oral, rabbit: LDSO = 2825 mgkg; Oral, rat: LDso = 1870 mgkg 
Skin, rabbit: LDso = 4060 mgkg. 

I-Hexanol 
Oral, mouse: LDs = 1950 mgkg; Oral, rat: LDN = 720 mgkg; 
Skin, rabbit: LDM = 3190 mgkg 

1 -Heotanol 
Inhalation, mouse: L&I =6600 mg/m3/2H, Oral, mouse: LDw = 1500 mgkg; 
Oral, rabbit: LDs = 750 mgkg; Oral, rat: LDso = 500 mgkg; 
Skin, rabbit: LDH, = 2 gmkg. 

2-Ethyl- 1 -hexanol 
Oral, mouse: LD% = 2500 mgkg; Oral, rabbit: LDH, = 1180 mgkg; 
Oral, rat: LDXI = 2049 mgkg; Skin, rabbit: LDSO = 1970 mg/kg. 

Sodium Bromide 

Human estimated oral, LDM: 0.5 to 5 g/kg 

Oral, rat: LDSO = 3,500 mgkg; toxic effects not yet reviewed 

Oral, rabbit: LDSO = 5 8 3 mgkg; toxic effects not yet reviewed 
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4.0 PITT IMPLEMENTATION 

.- 

:- 

The volume and extent of DNAPL contamination at the ESTCP demonstration area will be 
determined by conducting a PITT. The PITT will be conducted in a well field constructed during 
the course of this project. Under the current conceptualization, the well field will consist of three 
injection wells and six extraction wells arranged in a pattern known as a line-drive geometry. 
That is, the injection wells and extraction wells will be aligned on the order of 15 feet apart, with 
each injection and each extraction well approximately 10 apart from the neighboring well of like 
purpose. A hydraulic control well will be installed at each end of the line of three injection wells 
to help contain the injected fluids and maximize injectate recovery. Figure 9 is a schematic of the 
site showing the well pattern with tankage. 

-- 4.1 Well Construction 

- 

- 

The PITT injection and extraction wells will be 4 inches in diameter and constructed using a 
Schedule 40 PVC riser connected to 5 foot lengths of stainless steel wire wrapped screen at 
depth. The depth to the aquitard in the demonstration area is approximately 18 feet. The wells 
will be installed approximately 1 foot into the clay layer to ensure that the shallow 
aquifer/aquitard contact is spanned by the screened zone of each well. The well risers will be 
covered with flush mount bolt-down steel manholes. A silica sand will be placed around the well 
screens to act as a filter pack. The sand will be brought a minimum of 2 feet above the well 
screens, with the depth to the top of the filter packs being determined by measurement with a 
weighted calibrated tape. Approximately 2 feet of 1/” bentonite pellets will be placed on top of 
each filter pack and hydrated with potable water. The bentonite seal will be allowed to hydrate 
for a minimum of four hours before the well construction is continued. The annulus between the 
borehole and well will then be grouted to land surface. A careful inventory of each material will be 
kept during placement into the annulus to ensure that the well is properly installed. 

4.2 Hydraulic Control 

To provide positive hydraulic control during the water flood and tracer test, potable water mixed 
with calcium chloride will also be injected into the hydraulic control wells installed at the ends of 
the row of three injection wells. The injection and extraction rates, will be held constant 
throughout the demonrtration. The injection rate at each of the three injection wells and the two 
hydraulic control wells will be 0.36 gpm. The extraction rate at each of the six extraction wells 
will be 0.30 gpm. 

3 

Water levels will be monitored in selected demonstration wells and observation wells by means of 
electronic pressure transducers connected to a data acquisition system @AS). The DAS will be 
set to collect water level measurements. The water levels collected in this manner will be 
augmented and verified by manual readings. Both an interface probe capable of detecting non- 
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aqueous phase liquid (NDL) and a standard electric water-level meter will be used during 
testing. The manual measurements will be recorded to one-hundredth of a foot. 

4.3 Sample Collection, Documentation and Transport 

Samples of the effluent from each extraction well will be collected at diiering rates throughout 
the duration of the demonstration. In addition, monitor wells MW02 and MWO21, located 
approximately 70 feet distant and generally downgradient of the demonstration area, will be 
periodically monitored for tracer and contaminant concentrations throughout the demonstration. 
Monitoring well MW02 is installed in the shallow aquifer. Monitor well MWO21 is installed in the 
upper portion of the Castle Hayne aquifer. Table 7 shows the planned sampling schedule. 

Wells 

Extra&ion Wells EX-1 
tbrougbEx-6 

Influent 

Monitoring Wells MWa2 
and m-021 

Table 6. PJTT Sampling Schedule 

Sampling Frequency 
Day Days 

14 0.25 
7-12 0.5 
13-40 1.0 

O-2.5 0.25 

l-40 3 

Total Number 
of Samples 

144 
72 

168 

10 

28 

SUBTOTAL 

Quality hsurance Replicate 
Samples at five per cent 

422 

22 

PRE-Pm Water Plood 36 

TOTAL 480 

The samples will be co3ected in 40 ml VOA vials. The samples will be preserved on ice or kept in 
a refrigerator set to maintain the temperature at 4 degrees Celsius. The holding time for analysis 
will be 7 days. Each sample container will be properly labeled with the sample number, the 
project, the date and time, the well, the preservative, and the sampler’s initials.. The label will be 
covered with transparent tape. As a precaution, the sample number will also be marked on the 
cap of each vial. Field samples will be catalogued using a sample control log that will identity 
each sample collected, along with the date and time of collection, name of the sampler, and the 
sample name. An example of the sample control log form can be found in Appendix C. 
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Samples to be shipped off site will be packaged securely in coolers with ice and sent with a chain 
of custody form (COC) in the shipping container. An example of a COC form can be found in 
Appendix C. Field preserved soil samples will be carefully packed and shipped to INTEIU via 
ground freight using Department of Transportation approved packing materials and following the 
necessary transport requirements. 

4.4 Decontaminating Sampling Equipment I 

-- The possibility of cross contamination during sampling activities will be minimized by using a 
combination of newly purchased and unused equipment and sampling materials; the use of 
washable materials such as viton gloves for materials handling during the preparation and handling 
of samples, and the implementation of systematic cleaning procedures to clean contaminated 
equipment. 

Any sampling equipment and testing equipment requiring decontamination will be cleaned using 
the same step-by-step wash procedure used to decontaminate equipment after the test has been 
conducted. These steps will include: 

l Rinse equipment using tap water. A rinse with isopropanol may be used if necessary 
to remove DNAPL or oil and grease contamination. 

l Wash equipment with a detergent solution, followed with a tap-water rinse. 

l Rinse equipment with deionized water and air dry, or dry with clean disposable 
toweling such as Kim-wipesm. 

All soil and fluids resulting from this decontamination procedure will be placed in %-gallon 
drums. The drums containing fluids will be allowed to stand to allow sediments to settle and the 
fluid transferred to the tankers holding the demonstration effluent. 

4.5 Waste Handling 

3 All effluent and decontamination fluid developed during the PITT will be pumped into tanker 
trucks provided by the facility. The activity will be responsible for transporting the demonstration 
effluent to an air stripper for treatment before discharge. 

4.6 Field Demonstration 
m- The field work required to conduct the PITT is comprised of the following five tasks: 

l Task 1: Coordination and Planning 

l Task 2: Equipment Setup and Preparation 

l Task 3: Pre-PITT Water Flood 
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. Task 4: PITT 

l Task 5: Demobilization 

The following paragraphs provide a brief overview of each of these tasks. This discussion is 
followed by the methodology and procedures used to analyze a PITT. 

4.6.1 Task 1: Coordhation and Planning 

The planning and coordination phase of a project of this type is crucial to ensuring a 
technologically successful outcome that meets project objectives without exceeding the resources 
allocated to its completion. Careful logistical planning is required to avoid costly delays and 
minimiz the number of unforeseen circumstances in the field. 

;- Task 1 is comprised of the following: 

l Obtaining necessary work plan review from the EPA and the regulators in North 
Carolina. Their concurrence is required to assure that regulatory issues have been 
addressed. 

l Ensuring that the appropriate injection permits have been secured. 

l Coordinating with Camp Lejeune. 

l Coordinating with Baker Environmental. 

l Identifying and allocating labor resources for the duration of the field work. 

l Identifying and procuring equipment needed for the field demonstration. 

l Scheduling and coordinating housing, travel, and other personnel issues. 

l Allocating and scheduling analytical laboratory resources. 

l Mobilization of people and equipment. 

The equipment setup and conservative tracer test are to be conducted in December 1997. The 
water flood and ensuing PITT will begin in January and last through the end of February, 1998. 
A project schedule outlining the start date and duration of each phase can be found in Section 1. 

4.6.2 Task 2: Equipment Setup and Preparation 

I 

Task 2 activities will commence with the installation of the well array as described in Section 4.1. 
Well installation will be followed equipment assembly for the PITT. Field personnel will set-up the 
equipment required for the flood, including all plumbing, tanks, pumps, sampling devices, and 
instrumentation. Figure 9 is a schematic showing the major system components required for a 



PITT. High-densityp5lyethylene liners will be installed around mixing/retention tanks to provide 
secondary containment for any potential incidental spillage or leaks from the plumbing or the 
mixing and storage tanks. The area covered by secondary containment will also serve as the 
Exclusion Zone, should air monitoring results dictate. A tent will be erected over the 
demonstration area to protect the instruments from inclement weather. A general outline of the 
work to be accomplished during the PITT setup includes: 

l Installing the secondary containment liners, and erecting the tent 

l Installing and plumbing the injection system, including tanks, pumps, air delivery 
system, and injection well-head manifolds 

l Setting up the automatic sample collection system; and 

- 

- 

0 Installing the water-level monitoring system. 

Once the equipment is in place, a conservative tracer test will be performed to verity equipment 
operation and provide Irelii operational results under actual demonstration flow rates prior 
to the PITT. Based on these results, the design injection and extraction flow rates will be 
adjusted as needed to optimize the hydraulic integrity of the demonstration. For the test, a 
solution of 1,000 ppm calcium chloride will be injected into the shallow aquifer at the three 
injection wells and two hydraulic control wells. The injection rate will be 0.36 gpm at each well. 
Simultaneously, ground water will be extracted at the six extraction wells at a rate of 0.30 gpm 
per well. Effluent samples will be collected at each extraction well every 4 hours and the specific 
conductivity measured to determine the time required for breakthrough of the injectate at the 
extraction wells. Injection/extraction operations will continue for a period of three days or until 
breakthrough is noted at each of the extraction wells, whichever is shorter. 

4.6.3 Task 3: Pm-PITT Water Flood 

The purpose of performing a water flood prior to the PITT is to establish a forced-gradient flow 
field in the test zone and to remove as much free-phase DNAPL as possible via the extraction 
wells. Therefore, the DNAPL remaining in the shallow aquifer will be predominantly residual 
DNAPL. The water flood injection/extraction operations are scheduled to begin January 5, 1998. 
Potable (source) water mixed with 1000 ppm calcium chloride will be injected. The water flood is 
anticipated to last 12 days. 

Mixing calcium chloride with all solutions injected during the demonstration is necessary to 
prevent the mobilization of tines in the shallow aquifer. During soil column testing, it was 
discovered that if potable water were to be injected without the salt described above, fines in the 
sediment will be mobilized leading to a plugging of the effective pore space in the aquifer and the 
consequential reduction in hydraulic conductivity. 
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4.6.4 Task 4: PITT 

=- 

- 

- 

After the water flood has been completed and a steady-state flow field has been established, a 
PITT using non-partitioning (i.e., conservative) and partitioning tracers dissolved in source water 
will be conducted. The production of the tracers at the extraction wells will yield the tracer 
response or breakthrough curves which will be analyzed by DE&S to determine the spatial 
distribution and total volume of DNAPL in the demonstration area. Prior to the conduct of the 
surfactant flood, this information will be incorporated into a revised geosystem model of the 
DNAPL zone in the aquifer which defines the hydrogeological properties and DNAPL distribution 
in the subsurface. The tracers and salts to be injected are listed in Table 6. The quantities listed 
for calcium chloride reflect the total amounts required for the entire demonstration and not just 
the period of tracer injection. It is anticipated that 93 per cent of the tracers will be recovered 
during the demonstration. This will represent an average remaining tracer concentration in the 
shallow aquifer of between 1 and 5 ppm. Approximately 7 per cent of the tracers, primarily 
alcohols, will remain in the aquifer and biodegrade. 

A tracer batch solution of 6,600 gallons will be mixed containing the tracers listed in Table 6 as 
well as the calcium chloride. The tracer solution will be injected at wells IW-1, IW-2, and W-3 
(Figure 9). At the test design injection rate of 1.8 gpm, it will require 2.5 days to complete the 
injection of the tracer solution. Once the tracer injection is complete, injection will continue using 
potable water mixed with 1000 ppm of calcium chloride until the demonstration is finished. The 
period of water flooding, equal to 5 pore volumes, following the injection of tracers will transport 
the tracers through the demonstration area for capture at the extraction wells. A period of forty 
days is anticipated from the initiation of tracer injection to the end of the demonstration. 

-- 

- 

During the demonstration, injection and extraction pressures, rates, and volumes will be 
monitored to ensure that these parameters are maintained according to the test design. Fluid 
levels will be monitored electronically and manually to verify that hydraulic control over the test 
zone is maintained. Tracer concentrations will be monitored by periodically sampling the effluent 
of each extraction well, ground-water monitor wells, and the injectate. Contaminant 
concentrations will be monitored by periodically sampling the effluent streams from the extraction 
wells and the ground water monitor wells. 

4.6.5 Task 5: Demobilization 
- 

A demobilization and equipment maintenance period will follow the completion of the PITT. This 
time will be used to disassemble and store the demonstration equipment. The demobilization time 
will also be used to conduct maintenance on the PITT equipment, and to make minor 
modifications if necessary. 

- 
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Table 7. Injectate Quantities 

Tracer/Salt 
Quantity (lbs) 
(to be inJected) 

4- Iaethyl-2-pentanol 44 

l-z-kxallol 44 

l-Heptanol 44 

I-Propanol 55 

2,4-Dimethyl-3-pentanol 44 

2-Ethyl-l-hexanol 28 

Sodium bromide 66 

calcium chloride* 1,120 
, 

+ Quantity listed reflects the total amount required for the entire 
demonstration and not just the period of tracer injection. 
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5.0 LABORATORY OPERATIONS 

The ground-water samples will be shipped to an analytical laboratory where they will be anal@ 
for concentrations of PCE, TCE, DCE, VC, and the tracers used. The analytical method for 
detection of the contaminants listed and alcohol tracers will be SW846 8260. Bromide 
concentrations will be detected with an ion specific probe. In addition, the conductivity of select 
samples will be determined. 

33 



6.0 QUALITY ASSURANCE OBJECTIVES 

- 

- 

The ESTCP demonstration is being conducted as a field demonstration of a developing 
technology. As such, many of the requirements of this project are considered as belonging to Use 
Category III, according to EPA QAR-5 (July 1993). Category III studies involve projects which 
test research hypotheses and/or develop methods that are used to evaluate processes to provide 
data for decision making regarding future actions. In projects involving field work of this nature, 
it is anticipated that unexpected conditions will be encountered which will require the work plan 
to be altered. Thus, this plan must be flexible enough to allow rapid alteration to meet the 
required data objectives during the injection/extraction operations of the test. 

Sampling, analytical procedures, and laboratory methods will follow the methods presented in 
SW-846 where applicable. The overall quality assurance objective for the pre-surfactant flood 
PITT described in this work plan is to implement sampling, sample handling, and analytical 
procedures that will provide data that can be used to determine the quantity of residual DNAPL 
present in the demonstration area and provide additional data to support the surfactant flood 
design. 
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7.0 PITT DATA ANALYSIS 

- 

- 

The PITT data will be analyzed using the method of first temporal moment analysis. The 
theoretical foundation for the method of first temporal moment analysis of PITTs can be found in 
Jm et al. (1995) and Jm (1995). This method can be used to estimate the tracer swept volume 
(the volume of the aquifer through which the tracer solution has flowed), the average NAPL 
saturation in the tracer swept volume, and the total NAPL volume. 

The first step in the PITT data analysis process is a QA/QC evaluation of the data. To ensure the 
quality of the data used for NAPL volume estimation, tracer data that does not meet QA/QC 
criteria are eliminated from the data base. 

The second step is to evaluate the available field data and select a pair of non-partitioning and 
partitioning tracers to use for NAPL volume and saturation estimation. Theoretically, each pair of 
non-partitioning and partitioning tracers data can give an independent estimate of NAPL volume 
and saturation. Practically, however, the retardation factor should be greater than 1.2 in order to 
increase the estimation accuracy (Jin, 1995). 

The third step is to fit the tracer response data with smooth curves and estimate the NAPL 
volume and saturation as a function of tracer test duration. The estimated NAPL volume and 
saturation should approach a plateau as the tracer test approaches completion. Otherwise, the 
tracer data will need to be extrapolated using the exponential decline function described in 
Section 7.6.1 to increase the estimation accuracy. 

If the pumping rates in some of the extraction wells are not very stable during a PITT, a separate 
program is used to convert the tracer response data which are recorded as a function of time into 
a function of total volume of water. The program first reads in the actual cumulative volume of 
fluid injected/produced for each well as a function of time based on the information obtained from 
the injection extraction logs, even if the tracer concentration and the flow rate data were not 
recorded at the same time. These data are used as a lookup table. When the time for which 
tracer concentration is measured is read in as the input, the program interprets the corresponding 
volumes of water injected/produced from the lookup table. 
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8.0 REPORTINGANDDELIVERABLES 

At the conclusion of the field effort, DE&S will reduce, process, and analyze the data that is 
collected. Upon completion of the data analysis, a technical report will be prepared documenting 
the findings of the work. It will present the data in an easy to understand format, provide a 
discussion of the meaning of the data, and summarized the conclusions developed. 
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Genium Publishing Corporation 
1145 Catalyn Street 

Schenectady, NY 12303-1836 USA 
(518) 377-8854 

Material Safety Data Sheets Collection: 

Sheet No. 743 
Sodium Bromide 

1 Issued: 7/91 
,~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

. . . . . .A .a.. n.... ..s ,. ..,...........,.,.....,.....,.,.,.....,.,...,.....,.......,................ .,./ .,...,._ ,+:,;.:.: . . . . . . . ((. ,. 
/ Genium 
with bromine and water, dissolving the resulting ferrosoferric bromide in water, adding sodium carbonate, and filtering 
and evaporating that solution. Also by adding excess bromine to a sodium hydroxide solution, then evaporating it to k ; 

dryness and treating it with carbon to reduce the resulting bromate to bromide. Used in photography and preparing K 0 

bromides, and medicinally as an oral sedative, diuretic, and antiepileptic. 
Other Designations: CAS No. 7647-15-6; bromide salt of sodium; Sedoneural;* tisodium tribmmide. HMIS 

Manufacturer: Contact your supplier or distributor. Consult latest Chemical Week Buyers’ Guided for a suppliers list.. F i 
R 0 
PPG* 

1990 OSHA PEL 1990-91 ACGIH TLV 1990 NIOSH REL 1985-86 Toxlclty Data* 
None established None established None established Human, estimated oral, LD,,: 0.5 to 5 g/kg 

Rat, oral, LD,,: 3500 mg/kg; toxic effects not yet reviewed 
Rabbit, oral, LD,: 580 mg/kg; toxic effects not yet reviewed 
Rat, oral, TD,: 338 @kg administered for 90 days to pregnant female 
prior to mating produced maternal effects (ovaries and fallopian tubes; 

* See NIOSH, RI7X.S (VZ3150000), for additional reproductive and toxicity data. 

Melting Point: 1377 ‘F (747 ‘C) Density/Specific Gravity: 3.203 at 77 ‘F (25 ‘C) 
Index of Refraction: 1.64 12 
pH: 6.5 to 8.0 (aqueous solution) 

Water Solubility: Soluble; 1.16 kg/l water at 122 ‘F (50 ‘C), 1.21 kg/l water at 212 ‘F (100 “C) 

Appearance and Odor: White or colorless crystals, granules or powder with a bitter, saline taste. Sodium bromide is hygroscopic (absorbs 
moisture from air, becoming hard). 

Extinguishing Media: Sodium bromide is nonflammable. Use extinguishing media suitable for surrounding materials. Use dry chemical, water 
spray, or regular foam. 
Unusual Fire or Explosion Hazards: Sodium bromide may emit toxic bromide and sodium oxide fumes when involved in a fire; use caution. 
Avoid inhaling fire-produced vapors. 
Special Fire-fighting Procedures: Since fire may produce toxic fumes, wear a self-contained-breathing apparatus (SCBA) with a full facepiece 
operated in pressure-demand or positive-pressure mode. Be aware of runoff from fire control methods. Do not release to sewers or waterways. 

Stability/Polymerization: Sodium bromide is stable at room temperature in closed containers under normal storage and handling conditions. 
Hazardous polymerization cannot occur. Keep in a dry area since& is hygroscopic, absorbing moisture of any or&. 
Chemical Incompatibilities: Acids, alkaloidal and heavy metal salts (lead, silver, manganese, antimony, mercury, etc.), bromine trifluoride, and 
strong oxidizers (which liberate bromine). 
ConditiolLs to Avoid: Avoid contact with moisture, acids, alkaloidal and heavy metal salts and strong oxidizers. 
Hazardoti Products of Decomposition: Thermal oxidative decomposition of bodium bromide can produce toxic fumes of bromide (Br-) and 
sodium oxide @IsO). 



Summary of Risks: Sodium bromide is moderately toxic by inhalation and ingestion. As of this update, neither OSHA nor ACGIH has set any 
limits on occupational exposure. All currently available data is on toxicity by ingestion. Acute toxicity is rare since large amounts are needed b 

7 pmduce toxicity and these are usually purged immediately, preventing absorption. Readily absorbed through the lower part of the small intestine, 
small amounts of bromide salts build up in the body. Maximum accumulation takes about three months. The main effects of systemic poisoning 
are central nervous system (CNS) disturbances and development of skin rashes. 
Medlcal Conditions Aggravated by Long-Term Exposure: Alcoholism, dehydration, severe depression, preexisting neurological or psycho- 

-1 logical disorders. 
. Target Organs: Skin and CNS. 
_ 

j 

Prhnary Entry Routes: Ingestion, possibly inhalation. 
.Acute Effects: When large amounts of sodium bromide are ingested, acute toxicity may occur. Symptoms include listlessness, dizziness, 

: 
unsteady gait, impaired reflex movements, and profound stupor or coma. 
Chronic Effects: Incoordination and psychiatric disturbances such as depression and psychosis. 

1 
FIRSTAID 
Eyes: Gently lift the eyelids and flush immediately and continuously with flooding amounts of water until transported to an emergency medical 

1 facility. Consult a physician immediately. 
E Skin: Quickly remove contaminated clothing. Rinse with flooding amounts of water for at least 15 min. For reddened or blistered skin, consult a 

1 
physician. Wash affected area with soap and water. 
Iahalation: Remove exposed person to fresh air and support breathing as needed. 
Ingestion: Never giv.e anything by mouth to an unconscious or convulsing person. If ingested, have that conscious and alert person drink 1 to 2 
glasses of water, then induce vomiting. 

1 
After first aid, get appropriate in-plant, paramedic, or community medical support. 
Note to Physicians: Treatment includes hydration, mild diuresis, and possible hemodialysis. Consider ammonium chloride (10 to 15 g qd) in 

= divided doses with diuretic. 

Spill/Leak: Notify safety personnel. Isolate area and deny entry. Always stay upwind of spills. Cleanup personnel should protect against dust 

1 

inhalation and skin contact. Avoid generating dusty conditions. Carefully scoop spilled dry material into appropriate containers forlater disposal. 
For liquid spills, absorb with an inert material and place in appropriate containers for disposal. For large spills, dike far ahead of liquid to contain. 

_ Follow applicable OSHA regulations (29 CFR 19 10.120). 
Disposal: Contact your supplier or a licensed contractor for detailed recommendations. Follow applicable Federal, state, and local regulations. 

’ EPA Designations 

1 
RCRA Hazardous Waste (40 CFX 261.33): Not listed 
CERCLA Hazardous Substance (40 CFR 302.4): Not listed 
SARA Extremely Hazardous Substance (40 CFR 355): Not listed 

L 

I 

SARA Toxic Chemical (40 CFR 372.65): Not listed 
OSHA Designations 
AiiCoataminant (29 CFR 1910.1000, Subpart Z): Not listed 

contact lense use in industry is controversial, establish your own policy. 
Respirator: Seek professional advice prior to respirator selection and use. Follow.OSHA respirator regulations (29 CFR 1910.134) and, if 

1 

necessary, wear a NIOSH-approved respirator. 
Other: Wear impervious gloves, boots, aprons, and gauntlets to prevent skin contact. 
Ventilation: Provide general and local ventilation systems to maintain airborne concentrations that promote worker safety and productivity. Local 
:xhaust ventilation is preferred since it prevents contaminant dispersion into the work area by controlling it at its source.(‘m 

L 

Safety Stations: Make available in the work area emergency eyewash stations, safety/quick-drench showers, and washing facilities. 
Contaminated Equipment: Remove this material f?om your shoes and equipment. Launder contaminated clothing before wearing. 
Zommene Never eat, drink, or smoke in work areas. Practice good personal hygiene after using this material, especially before eating, drinking, 

netal salts, and strong oxidizers. Do not allow contact with any moisture. 
Xher Precautions: Consider preplacement medical exams for exposed workers that emphasize central nervous system function. 

+msportatioa Data (49 CFR 172.101, .102): Not listed 

‘ISIS Collccnion References: 73,101,103,124,126,127,132,136,159 
repared by: M Gannon, BA; Industrial Hygiene Review: DJ Wilson, CIH; Medical Review: MJ Upfal, MD, MPH; Edited by: JR Stuart, MS 
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**** MATERIAL SAFETY DATA SHEET **** ***+ MATERIAL SAFETY DATA SHEET *++* 

I-Propanol, p.a 
01356 

**** SECTION 1 - CHEMICAL PRODUCT AND COMPANY IDENTIFICATION l *** 

MSDS Name: 1-Propanol, p.a. 

Propyl alcohol 
Company Identification: Acres Organ& N.V. 

JanssenPharmaceuticalaau 3a 
2440 Geel, Belgium 

For information in North America, call: 800-ACROSal 
For information in Europe, call 0032(O) 14575211 
For emergencies in the US, call CHEMTMC: 800-424-9300 
For emergencies outside the US, call: 0032(O) 14575299 

**** SECI’ION 2 - COMPOSTION, INFORMATION ON INGREDIENTS **** 

+- 
1. 

1 CAM 1 ChemicalName 1 Gs 

1 71-23-g bQropylalcoho1 
+- ---+----+ 

Hazard Symbols: F 

l *** SECTION 3 -HAZARDS IDENTIFICATION +*++ 

EMERGENCYOVERVlEW 
Appearance: Clear colourkss liquid. Flash Point: 154L 
Warning! cam respiratory tract irritatioIL May cause skin 
irritation Causes eye irritation. May cause digestive tract 
irritation. Flammable liquid. May be harmful if swallowed. May cause 
central nervous system depression. Maybe absorbed through the skin. 
May cause liver and kidney damage. 
Target Organs: Kidneys, central nervous system liver. 

Potential Health Eflects 
Eye: 

Causes eye irritation. May result in comeal injury. May cause 
conjunctivitis. 

Skin: 
May cause mild skin irritation. May be absorbed through the skin. 
Propanol is not appreciably irritating to the skin of rabbits even after 
prolonged contact, but it can be absorbed in significant amounts if 
amfinedtotheskin. Mayproducedry,crackingskiu 

Ingestion: 
May cause gastroin~ irritation with nausea, vomiting and 
diarrhea May cause liver and kidney damage. May cause central 
nervous system depression, characterized by excitement, followed by 

=- 
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- 

headache,dizziness.drowsiness,andnausea,Artvanced stages =Y 
cause collapse, unconsciousness, coma and possible death due to 
respiratoryfiiilure.Maybeharmfidifswallowed. 

hhalation: 
hhalation of high concentrations may cause central nervous system 
e&c& characterized by headache, dizziness, unconsciousness and 
coma. causes lespiratoly tract irritation. May cause xlal-dc 
efEects. Aspiration may cause respiratoIy swelling aud pneumonitis. 
inhalation may produce B krdinatioq headache, confusion, 
stupor, coma. 

chronic: 
Chronic inhalation and ingestion may cause effects similar to those 
ofacuteinhaktionandingestion. 

-- 

++++ SECTION 4 -FIRST AID MEASURES *+** 

_ 

- 

Eyes: 
Immediately flush eyes with plenty of water for at least 15 minutes, 
occasionallyliftingtheupperaAdlowerlids.Getmedicalaid 

skin: 
Getmedicalaid.Flushskinwithplentydsoapandwaterforat 
least 15 minutes while removing contaminated clothing and shoes. 

Ingestion: 
Do NOT induce vomiting. Ifvictim is conscious and alert, give 2-4 
cupfirlsofmilkorwater.N~giveanythingbymouthtoan 
unconscious person. Possible aspiration hazard. Get medical aid 

InhalaGon: 
Remove from exposure to fresh air immediately. If not breathing, 
give artiiicial respiration. Ifbreathing is diflicult, give oxygen. 
Get medical aid 

Notes to Physician: 
Treat symptomatically. 

***+ SECTION 5 - FIRE FlGHTING MEASURES ++** 

General Information: 
containersarnbuilduppressureifexposedtoheatand/orfue.As 
inanyfire,wearaself+ontainedbnxthingapparatusin 
pressuredemand, MSHANOSH (approved or equivalent), and full 
protective gear. Vapors can travel to a source of ignition and flash 
back.Duringafite,irritatingandhighlytoxicgasesmaybe 
generated by thermal decomposition or combustion. Flammable Liquid 
Can release vapors that form explosive mktures at temperatures 
above the flashpoint. 

ExtinguishingMedk 
usewaterspraytocoo1fireexposed containers. Water may be 
ineffkctive. Use dry chemical, carbon dioxide, or alcohol-resistant 
f&m. 

Autoignition Temperature: 40X! ( 761.OO’F) 
Flash Point: 1YC ( 59.OO’F) 
NFPA Rating: health-l; flammability-3; reactivity-0 
Explosion Limits, Lower: 2.1% 

upper: 13.5% 

c 
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+++* SECTION 6 - ACCIDENTAL RELEASE MEASURES *+++ 

- 

-- 

- 

General information: use proper personal protective equipment as indicated 
in Section 8. 

SpilWLeaks: 
Absorb spill with inert mImii& (e.g., dly sand or earth), then 
place into 8 chemical waste container. Remove all sour03 of 
ignition, Provide ventilation. 

**+* sEc,‘ION 7 - HANDI.,lNG and STORAGE +*** 

Handling: 
Wash thoroughly after handling. Use only in a well ventilated area. 
Ground and bond containers when transferring material. Avoid contact 
with eyes, skh and clo@ing. Empty containers retain product 
residue, (liquid and/or vapor), and can be dangerous. Do not 
pmmrize, cut, weld, braze, solder, drill, grind, or expose such 
containerstoheat,sparksoropenflames.Keepcontainertightly 
closed. Avoid ingestion and ix&al&ion. 

storage: 
Keepawayfromheafsparks,andflame.Keepawayfromsourcesof 
ignition. Store in a tightly closed container. Store in a cool, dry, 
well-ventilated area away fi-om incompatible substances. 

++++ SECllON 8 - EXPOSURJZ CONTROLS, PERSONAL PROTECTION **** 

I  

- 

Engineering Controls: 
Use adequate gxeml or local exhaust ventilation to keep airborne 
concenttations below the pemissible expomre limits. 

FkposumLimits 
+---I 
1 ChemicalName 1 ACGlH 1 NIOSH PSHA -FinalPELsl 
IF------l-+ 
I n-Propyl alcohol 1200 ppm ; 492 I200 ppm TWA; 500 1200 ppm TWA; 500 I 

I 

ImgIm3; 250 ppm I mg/m3 TWA; 250 I mgMi TWA I 
1 STEL, 614 mgIm3 bprn STEL, 625 I I 
I== Imglm3== I I 

+- I I + 

0sHAvacatedPEJLs: 
n-Propyl alcohol: 
200 ppm TWA; 500 m&n3 TWA; 250 ppm S’IEL; 625 mg/m3 STEL 

Personal Protective Equipment 

Eyes: 
Wear appropriate protective eyeglasses or chemical 
safety goggles as described by OSHA’s eye and face 
protection regulations in 29 CFR 1910.133. 

SkinI 
Wear appropriate protective gloves to prevent skin 
-. 

Clothing: 



- 

.- 

-- 

Wear t,,propriate protective clothing to prevent skin 
e-. 

RCSpiK-AtOIK 
Follow the OSHA respirator regulations found in 29CFR 
1910.134. Always use a NIoSH-approved respirator when 
-* 

l *** SECTION 9 -PHYSICAL AND CHEMICAL PROPFWIES **** 

Physical State: Liquid 
Appearance: Clear d0ubs liquid 
odor: Akohol-like odor. 
PH: Not available. 
VaporPressme: 14.9 mm H-g @2oC 
Vapor Density: 2.07 (ah=l) 
Evaporation Rate: Not available. 
Viscosity: 2.2 mPas 2w 
EoiliIlg Point: 9x @! 76o.oommHg 
Freezing/Meting Point: -127’C 
Decomposition Tempcature: Not available. 
SOhlbilitJY soluble in water 
Specific Gravity/Density: .804Ogkm3 
Molecular Formula: C3HSO 
Molecular Weight: 60.10 

++** SECTION 10 - STABILITY AND REACTIVITY l *** 

Chemical Stability: 
Stable under normal temperatures and pressures. 

Cmditions to Avoid: 
Incompatible materials, ignition sources. 

Incompatibilities with Other Materials: 
Acid chlorides - acid anhydrides - oxidizing agents - akoholates - 
potassium-telt~utoxide - alkali metals - a.llahe earth metals - 
acids-bases-halogens-aluminum-somefo~ofplastic,lubber 
and coatings, altium, ahuninum isopropoxide + crotonaldehyde, 
2+utanone, hydrogen peroxide, and oxidants. 

Hazardous Decomposition Products: 
Carbon monoxide, carbon dioxide. 

Hazardous Polymerization: Will not occur- 

+**+ SECTION 11 -TOXICOLOGICAL INFORMATION +*** 

-- 

- 

RTECS#: 
CAS# 71-23-k UH8225000 

LD5o/Lc50: 
CAS# 71-23-8: Inhalation, mouse: LC50 -48 gm/m3; Oral, mouse: LD50 = 
6800 rug/kg; Oral, rabbit: LD50 = 2825 mgkg; Oral, rat: LD50 = 1870 
mgllqg Skin, rabbit: LD50 = 4060 mg/kg. 

chlcinogenicity: 
n-Propyl alcohol - 

Not listed by ACGIH, IARC, NIOSH, NTP, or OSHA. 
Epidemiology: 

No data available. 



- 
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- 

Teratogenicily: 
No data available. 

Reproductive EfFm: 
No data available. 

Neurotmicity: 
No data available. 

Mutagenicity: 
No data available. 

other studies: 
No data available. 

*+*+ SECJON 12 -ECOLOGICAL INFORMATION l *** 

ECOtOXiCitJY 
Water Danger/Pro&&on: WGK 1 
(fathead minnows): 4.63g/l/96H 
mgfl. 
minnow: 5000 mgN48H; LC50 paddy &hz 5900 mg/l/48H (Sloof, W. et 
al Aquat.. Toxicol. 1983,4,113-128). 
Daphnia pulex, Daphnia cucullata, Daphnia magna: 3025-7080 mg/l/48H 
(Canton, J-H et al Hydrobiologia 1978,59(Z), 135-140). 
Photobacterium phosphoremu: 9308 ppm/3Omin Microtox test &aiser, 
KL.E. et al Water Pollut. Res.J.Can. 1991,26(3), 361431). 

Enviromnental Fate: 
Nitrikation inhibition: 50% inhibition of NH3 oxidation-pure 
cultureNitrosomonaseuropaeaat20mg/l(Hooper,A.ctal 
JBacteriol. 1973, 115,480). 
(2.4g 02/g af l-propanol) @PCS Environmental Health criteria 102 
I-propanoll990, WHO, Geneva); Activated sludge with cxxnpound as sole 
carbon source COD 98.8%, 71 mg COD g dry/inocul~ (Pitter, P. Water 
Res. 1976,10,231-235); Degradationby activated sludge 13.9% of 
ThOD after 6 I&26.8% ofThOD afk 12 Hand 36.9% ofThOD after 24H 
(Gerhold, RM et al J.-Water Pollut. Control Fed., 1966,38(4),562) 

PhysicaKhemicalz 
Not available. 

Other: 
Not available. 

**+* SECTION 13 -DISPOSAL CONSIDERATIONS ++++ 

Dispose of in a manner consistent with federal, state, and local regulations. 
RCRA D-Series Maximum concentration of Contaminants: Not listed. 
RCRA D-Series Chronic Toxicity Reference Levels Not listed. 
RCRA F-Series: Not listed. 
RCRA P-Series: Not listed. 
RCRAU-Series: Not listed. 

***+ SEC-‘-ION 14 -TRANSPORT INFORMATION *+++ 

R 

US DOT 
Shipping Name: N-PROPANOL 
Hazard Class: 3 

UN Number: UN1274 



- 

Packing Group: II 

- 

- 

IMO - - 
Shipping Name: NORMAL-PROPANOL 
Hazard Class: 3.2 

UN Number: 1274 
Packing Group: II 

IATA 
Shipping Name: N-PROPANOL 
Hazardclass: 

UN Number: 1274 
Packing Group: II 

RTD/ADR 
Shipping Name: N-PROPANOL 

Dangerous Goods Code: 3(3B) 
UN Number: 1274 

CanadianTDG 
No information available. 

*+** SECTION 15 -REGULATORY INFORMATION **+* 

-- 

-- 

FBDBRAL 
TSCA 

CAM 71-23-8 ;: listed on the TSCA inventory. 
Health & Safety llqorting List 

NoneafthechemicalsareontheHealth&safetyReportingList. 
Chemical Test Rules 

None ofthe chemicals in this product are under a Chemical Test Rule. 
Section 12b 
None of the chemicals are listed under TSCA Section 12b. 

TSCA Significant New Use Rule 
None of the chemicals in this material have a SNUR under TSCA. 

SARA 
Section 302 (RQJ 
None of the chemicals in this material have au RQ. 

Section 302 (TPQ) 
None ofthe chemicals in this product have a TPQ. 

SAIucQdes 
CAS # 71-23-g: acute, flammable. 

Section 3 13 
No chemicals are reportable under section 3 13. 

Clean Air Act: 
This material dw not contain any hazardous air polh&ants. 
This material does not contain any Class 1 Ozone depletors. 
This material does not contain any Class 2 Ozone depletors. 

Clean Water Act: 
None ofthe chemicals in this product are listed as Hamdous 
Substances under the CWA. 
None ofthe chemicals in this product are listed as Priority 
PoMants under the CWA. 
None ofthe chemicals in this product are listed as Toxic Polh&nts 
under the CWA 

OSHA: 
None ofthe chemicals in this product are considered highly hazardous 
bye= 
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STATE 
n-Propyl alcohokan be found on the following state light to know 
lists: California, New Jersey, Florida, Pennsylvania, Mimeso@ 
Massachusetts. 
California No Significant Risk Level: 
Noneofthechemicalsinthisproductanli@d. 

INTERNATIONAL 
European Labeling in Accordance with EC Directives 

Hazard Symbols F 
RiskPhrases: 
Safety Phrases: 

S 16 Keepawayfromsources of ignition -No 
SlIlOlCiIlg. 
s 7 Keep container tightly closed. 

CAM 71-23-8 is listed on Canada’s DSUNDSL List. 
CAS# 71-23-g is listed on Canada’s Ingredient Disclosure List, 

ExposureLimits: 
CAS# 71-23-S:. OEL-AUSTMLWIWA 200 ppm (500 mgMJ);STEL 250 ppm;Ski 
n. OEL-BELGIUIWIWA 200 ppm (492 mgIm3);STEL 250 ppm;Skin. OEL-CZECHOSL 
OVAKWTWA 500 mgIm3;STEL 1000 mg/m3. OEL-DENMARKTWA 200 ppm (500 mg/ 
m3);Skin. OEL-l?INLAND:TWA 200 ppm (500 mgIm3);STEL 250 ppm;Skin. OEL-F 
RANcE:‘IWA 200 ppm (500 n@m3). OEL-HUNGARY:TWA 100 mgIm3;STEL 200 mg/m 
3. OEL-F’OLANJHWA 200 rngIm3.0~RUSSIA:STEL 10 mg/m3 
150 ppm (350 mgIm3);STEL 250 ppm (all isomers). OEL-SWTTZERLANDTWA 20 
0 ppm (500 mgIm3);Skin JAN9.0~TCJRKEY:TWA 200 ppm (500 mgIm3). OEL-U 
NlTED KINGDOMTWA 200 ppm (500 mgIm3);STEL 250 ppm;Skin. OEL IN BULGAR 
IA, COLOMBIA, JORDAN, KOREA check ACGIH TLV. OEL IN NEW ZEALAND, SINGA 
PORE, VIETNAM check ACGI TLV 

**+* SECTION 16 - ADDITIONAL INFORMATION *+++ 

Additional Information: 
No additional information available. 

MSDS Creation Date: 2/2g/19% Revision #O Date: Original. 

Theinformationaboveisbelievedtobeaccurakandrepresentsthebest 
information cunently available to us. However, we make no warmnty of 
merchantability’or any other warranty, express or implied, with respect to 
such irsormation, and we assume no liability resulting from its use. Users 
should make their own investigations to determine the suitability of the 
information for their particular purposes. In no way shall Fisher be liable 
for any claims, losses, or damages of any third party or for lost profits 
or any special indirect, incidental, consequential or exemplary 
damageghowsoever ari&g,evenifFisherhasbeenadvisedof 
the possibility of such damages. 
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*+*+ MATERIAL SAFETY DATA SHEET l *** l +** MATERIAL SAFETY DATA SHEET **** 

He@ alcohol, 98% 
96607 

***+ SECTION 1 - CXEMlCALPRODUCT AND COMPANYIDENTIFICATION ++** 

MSDS Name: Hexyl alcohol, 98% 

synorlyms: 
l-Hexanol 

Company Identification: Acres Orgauics N.V. 
JanssenPharmaceuticalaan 3a 
2440 Gee4 Belgium 

For information in North America, call: 800-ACROSOl 
For information in Europe, call: 0032(O) 14575211 
For emergencies in the US, call (zHmrmm: 800-424-9300 
For emergencies outside the US, call: 0032(O) 14575299 

l *** SECTION 2 - COMPOSlTION, INFORMATION ON INGREDIENTS **** 

I‘ CAM I- I ChemicalName 1 % 1 ElNEcS# 1 

i 111-27-3’ p!Iexylalcohol, 98% ’ I ‘I 203-85i3 1 

Hazard symbols: XN 
- 

l *** SECTION 3 -HAZARDS IDENTIFICATION +*** 

I  

-- 

.- 

EMERGENCYOVERVlEW 
Appearance: clear colourkss IiqLdd. 

Target Organs: None. 

Potential Health Effects 
The toxicological properties of this mate&l have not been 
investigated. Use appropriate procedures to prevent opportunities 
for direct contact vith the skin or eyes and to prevent inhalation. 

***+ SlXI’ION 4 -FIRST AlD MEASURES l *** 

Eyes: 
Flti eyes with plenty ufwater for at least 15 minuw 
occasionally lifting the upper and lower lids. Immediately flush eyes 
with plenty of water for at least 15 minutes, occasionally lifting 
the upper aud lower lids. Get medical aid immediately. 

Skin: 



least 15 mim&x while remov& contamkikd clothing and shoes. 
Remove contaminated clothing and shues. 

Ingest.ion: 
Ifvictimisco~~andalert,give2-4cupfulsofmilkorwater. 
Get medical aid immediately. DO NOT induce vomiting. Allow the victim 
torinsehismouthaMlthentodlink24cupfulsofwa&er,andseek 
medicaladvice. 

Inhalation: 
Getmedicalaidimmediately.Removefromexposuetofreshair 
immediately. If not breath& give artificial respiration. If 
breathing is diflicult, give oxygen. 

Notes to Physician: 
Treat symptomatically, 

++*+ SECiTON 5 - PIRE FlGHTING MEASURES ++++ 

General Information: 
Asinanyfire,~.earaself-containedbrWhingapparatusin 
pIWuredeman~ MSHAINIOSH (approved or equivalent), and full 
protective gear. Plammable Liquid. 

Extinguish.ingMe&z 
Incaseoffire,lisewater,drychemical&emicalfoam,or 
alcohol-resistant foam. Use agent most appropriate to extinguish 
fire. 

Autoignition Tempera&x 292’C ( 557.6O’P) 
Plash Point: WC ( 14O.m 
NFPA Rating: health-l; flammability-~ reactivity4 
Explosion Limits, Lowet: 1.20 ~01% 

upper: 7.70 vol % 

++++ SECTION 6 - ACCIDENTAL RELEASE MEASURES *+** 

General Information: Use proper personal protective equipment as indicated 
in Section 8. 

spills/Leaks: 
Absorb spill with inett material, (e.g., dry sand Or earth), then 
place into a chemical waste container. Clean up spills immediately, 
obsexving precautions in the Prote&ive Equipment section. 

l *** SECTION 7 -HANDLING and STORAGE **** 

Handling: 
Empty contain&s retain product residue, (liquid and/or vapor), and 
canbe dangerous. Do not pressurk, cut, weld, braze, solder, 
drill,grind,orexposesuchcontainerstoheat,sparksoropen 
ftames. Avoid contact with heat, sparks and flame. 

Storage: 
Keepawayfkomhe&sparks,andflame. 

++++ SECTION 8 -EXPOSURE CONTROLS, PERSONAL PROTECTION **** 

Engineering Controls: 
U~adequategeneralorlocalexhaustventilationtokeepai&orne 
amce.ntrations below the permissible m limits. Use process 
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.-  

enclosure, local exhaust ventilatioq or other engineering controls 
to control airborne levels. 

ExpomueLimits 
+---- 
I ChemicalNamc 1 ACGlH 1 NIOSH /OSHA-FinalPELsj 
k-----l----l 
1 Hexyl alcohol, 98% Inone listed x---+ lnonelisted 1 
+r I + 

OSHAVacatedPEL& 
Hexyl alcohol, 98%: 
NoOSHAVacatedPELsarelistedfixthischemical. 

- 

PersonalProtediveEquipment 

? 

P 

.- 

Eyes: 
Wear chemical goggles. Wear safety glasses and 
chemical goggles if splashing is possible. 

Skin: 
wear appropriate protect+ glow atKl clothing to 
prevent skin exposue. wear appropriate protective 
gloves to prevent skin w. 

Clothing: 
wear appropriate protective clothing to miknize 
contact with skin. 

Respiratom: 
A respiratory protection program that meets OSHA’s 29 
CFR 11910.134 and ANSI 288.2 requirements must be 
followed whenever workplace conditions warrant a 
respirator’s use. Wear a NIO SIUMSHA-approved (or 
equivalent) full-facepice airline respirator in the 
positive pressure mode with emergency escape 
provisions. 

*+** SECTION 9 -PHYSICAL AND CHEMICAL PROPERTIES +**+ 

Physical State: Not available. 

i!iirt-= 
Not available. 

None reported. 
pH: Not available. 
Vapor-: 1.3mbar@2OC 
Vapor Density: Not available. 
Evaporation Rate: Not available. 
Viscosity: 5.3 mPas 2oy: 
Boii Point: 156.4’C @ 76O.OOmm H.g 
Freezi@Melting PO@: -52.O’C 
Decomposition Temper-due: Not available. 
SOhlbilitJY 5.8 g/l (20 c) 
Specific Gravity/Density: .814Ogkm3 
Molecular Formula: C6H140 
Molecular Weight: 102.18 

**++ SECTION 10 - STABILITY AND REACTIVITY l *** 



Chemical Stability. 

- 

- 

Stable under youal temperatures and pmssures. 
Conditions to Avoid: 

Incompatiile materials, strong oxidants. 
Iucompatiiilities&thotherMaterials: 

Strong oxidizing agents - strong acids. 
Ha2ardous Decompo&ion Products: 

Carbon monoxide, irritating and toxic fumes and gases, carbon 
diOXi&. 

Hizardous Polymerization: Has not been reported. 

**+* SECTION 11 -TOXICOLOGICAL INFORMATION *+** 

RTECS#: 
CAS# 11 l-27-3: MQ402SOM 

LDso/Idao: 
CAS# 111-27-3: Oral, mouse: ID50 = 1950 m&g Oral, rat: LD50 = 720 
mgflrg, skin, rabbit: ID50 = 3100 mgkg. 

-genicity: 
Hexyl alcohol, 9:, ,6 - 

Not listed by ACGlH, IARC, NIOSH, NTP, or OSHA. 

*+*+ SECTION 12 -ECOLOGICAL, INFORMATION **++ 

ECCUOXiCi~: 
Not available. 

+*** SECTION 13 -DISPOSAL CONSIDERATIONS +*** 

Disposeofina manner coIlsisterlt with t&led state, and local regulations. 
RCRA D-Series Maximum Concentration of Contaminants: Not listed, 
RCRA D-Series Chror~& Toxicity Reference Levels: Not listed. 
RCRA F-Series: Not listed. 
RCRA P-Series: Not listed. 
RCRA U-Series: Not listed 
Notlistedasamaterial’~~mlanddisposalacoordingtoRCRk 

i 
+++* SECTION 14 - TMNSPORT INFORMATION +*** 

USDOT 
Shipping Name: HEXANOLS 
Hazardclass: 3’ 

UN Number: UN2282 
Packing Group: III 

IMO 
Shipping Name:!HE?XANOLS 
Hazard Class: $3 

UN Number:, 2282 
Packing Group:;III 

IATA 
Shipping Name! HEXANOLS 
Hazardclass: 

UN Nun&r: 2282 

- 



.- 

.- 

I  

Packing Group: Ill 
RlD/ADR 

Shipping Name: HEXANOLS 
Dangerous Guods Code: 3(3 1C) 

UN Number: 2282 
CanadianTDG 

Shipping Name: HEXANOLS 
Hazardclass: 

UN Nuder UN2282 
other Infolmation: PLAsHPolNT 60 c 

+*+* SECTION 15 -REGULATORY INFORMATION ++*a 

- 

- 

- 

FEDEluL 
TSCA 

CAM 11 l-27-3 is listed on the TSCA inventory. 
Health&saf~RepoltingList 

Noneafthechemicalsareon~Health&safetyReportingList. 
ChemicalTest Rules 
None ofthe chemicals in this product are under a Chemical Test Rule. 

section 12b 
None of the chemicals are listed under TSCA section 12b. 

TSCA Significant New Use Rule 
None of the chemicals in this material have a SNUR under TSCA. 

SARA 
Section 302 (RQ) 

NoneofthechemicalsinthismaterialhaveanRQ. 
Section 302 (TPQ) 
NoneofthecheqnkalsinthisproducthaveaTPQ. 

SARAcodes 
CAS # 111-27-k acute, flammable. 

Section 313 
No chemicals are reportable under Section 3 13. 

Clean Air Act: 
This material does not cm&tin any hazardous air pollutants. 
This material does not contain any Class 1 Ozone depletoxs. 
This material does not contain any Class 2 Ozone depletors. 

Clean Water Act: 
NoneafthechemicalsinthisproductarelistedasHamlous 
substances under the CWA. 
Noneafthechemicalsinthisproductarelistedaspriority 
Pollutants under the CWA 
None of the chemicals in this product are listed as Toxic Pollutants 
under the CWA. 

OSlW 
None ofthe chemicals in this product are considered highly hazardous 
bye= 

STATE 
He@ alcohol, 98% canhe found on the following state right to know 
lists: New Jersey, Ib.nsylvania. 
California No Signikant Risk Level: 
Noneofthechemicalsinthisproductarelisted. 

INTERNATIONAL 
EuropeanMxlinginAccordancewithEcDirectives 



- 

- 

-- 

- 

-- 

Hazard Symbols: XN 
RiskPhrases: 
safety Phrases: 

S 24/25 Avoid contact with skin and eyes. 

CAS# 11 l-27-3 Is listed on Canada’s DSLJNDSL List. 
CAW 11 l-27-3 is listed on Canada’s Ingredient Disclosure List. 

rkposuELimits: 

++++ SECTION 16 -ADDITIONAL INFORMATION **** 

Additional lnformatioxl: 
No additional information available. 

MSDS Creation Date: 2&l/19% Revision #I Date: Original. 

Theinformationaboveisbelievedtobeaccurateandrepresentsthebest 
information currently available to us. However, we make no warranty of 
meKhantability or any other warranty, expss or implied, with respect to 
such information, and we assume no liability resulting from its use. Users 
should make their own invistigations to de&mine the suitability ofthe 
infoxmation fat their particular purposes. In no way shall Fisher be liable 
foranyclaims,losses,ordamagesofanythird~mforlostptafits 
or any special indins& incidenta& consequential or exemplary 
damages,ho~;rarising,evenifFisherhasbeenadvisedof 
the possibility of such damages. 
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*+*+ MATERIAL SAFETYDATA SHEET l ++* ++++ MATERIAL SAFETYDATA SHEET **** 

2,4-Dimethyl-3-pentanol, tech., 94% 
32180 

**** SECTION 1 - CHEMICAL PRODUCT AND COh4PANYIDENTIFICATION **** 

h@iDS Name: 2,4-Dimethyl-3-pentanol, tech., 94% 

Diisopropylcarbinol 
Company Identifkation: Acres Organ& N.V. 

JanssenPhamuceuticalaan3a 
2440 .kel, Belgium 

For information in Nor& America, call: 800-ACROSal 
For information in Europe, call: 0032(O) 14575211 
For emergencies in the US, call -c: 800-424-9300 
For emergencies outside the US, call: 0032(O) 14575299 

++** SECTION 2 - COMPOSITION, INFORhdATION ON INGREDIENTS **** 

+- + 
I CAs# I ChemicalName 1 y.IEINEcs#.I 
l--------1-1---l-l 
1 600-36-2 12,4-Dimethyl-3-pentanol, 99+% 1 99+ 1209-993-7 1 

I :-- 

*I+++ SECTION 3 -HAZARDS IDENTIFICATION *+++ 

EMeRGENcyOVERVIEW 
Appearance: clear colourless liquid 

Target Organs: None. 

- 

.- 

- 

3 

PotentialHealthE&cts 
The toxicQlogical properties ofthi nwelial have not been 
investigated Use appropriate procedures to prevent opporhmities 
for direct contact with the skin or eyes and to prevent inhabtion. 

*++* SECTION 4 -FIRST AID MEASURES *+** 

Eyea: 
Flush eyes with plenty of water for at least 15 minutes, 
occasionally lifting the upper and lower lids. Iuuwktely flush eyes 
with plenty ofwater for at least 15 minutes, occasionally lifting 
the upper and lower lids. Get medical aid immedkMy 

Skin: 
Getmedicalaid.Flushskinwithplentydsoapandwaterforat 
least 15 minute: while removing awamb@l clothing and shoes. 
Removecontan&atedclothingandshofx 

- 



- 

Ifvictimisconsciousand~~give2-4cupfulsafmilkorwater 
Get medical aid immediately. DO NOT induce vomiting. Allow the victim 
torhlWhismouthandthentodrink24alpfi&ofwater,aAdseek 
medical advice. 

Inhalation: f 
Getmedicalaidimmedk&y.RemoveRemovemexposumtofkeshair 
immediately. Ifzot breathing, give artificial respiration. If 
breathing is difkult, give oxygen. 

Notes to Physician: 
Treat symptomatically. 

l +++ SECTION 5 - FIRE FIGHTING MEASURES +*+* 
c 

Genelal Information: 
Asinanyfire,wearaselfxontainedbre&bingapparatusin 
P=s=-e-demand, MSHNNIOSH (approved or equivalent), and Ml 
protective gear. Plammable Liquid 

ElcthgdmMedia: 
Incaseaffire~usewater,drychemical,chemicalfoam,or 
alcohol-resistant fo;M. Use agent most appropriate to extinguish 
fire. 

- 
Autoignition Tempera-: 39W ( 748.4O‘F) 
Plash Point: 3% ( 95.OCW) 
NPPARating: health+, flammability-2; reactivity-0 
Explosion Limits, Lower: Not available. 

- Upper: :Tot available. 

+++* SECTION 6 - ACCIDENTAL RELEASE MEASURES +*++ 

- General Information: Use proper personal protective equipment as indicated 
in Section 8. 

spill&e&s: 
-- Absorb spill with inert mate- (e.g., dq sand or earth), then 

place into a chemical waste container. Clean up spills immediately, 
observing precautions in the Pmtective Equipment section. 

l *** SECTION 7 - HANJXING and STORAGE **+* 

Handling: 
- Empty containers retain product residue, (liquid and/or vapor), and 

canbe dangerous. Do not presuize, cut, weld, braze, solder, 
drill,grind,orexposesuchcontainerstoheat,sparksoropen 

C flames. Avoid contact with heat, sparks and flame. 
storage: 

- 
++++ SECTION 8 -EXPOSURE CONTROLS, PERSONAL PROTECTION **** 

- 
Engineering Controls: 

Use adequate general or local exhaust ventilation to keep *me 
conwntmtions below the permissible exposure limits. Use process 
enclosure, local exhaust ventilation, or other engineering controls 
to control ah&-tie levels. 



ExpcsureLimits 

-- 

-- 

- 

1 ChemicalName 1 ACGIH I NIOSH JOSHA-FinkPELsl 
I----------I-----l I 
I2,4-Dimethyl-3-pen+o~ listed lnonelisted 1 
1 ano& 9% I I I I 
+-- .+ 

0sHAvacatedPELs: 
2,4-Dimethyl-3qentano1, 9% 
NoOSHAVacatedPELsarelistedforthischemical. 

Personal Pm&dive Equipment 

Eyes: 
wear chemical goggles. wear safety glasses and 
chemical goggles if splashing is possible. 

skin: 
wear appopliate protective gloves and clothing to 
prevent &in exposue. wear appropriate protective 
glOWStOpreventSkhl~. 

Clothing: 
Wear appropriate protective clothing to minim& 
contact with skin. 

Respimtors: 
A respiratory protection program that me&s OSHA’s 29 
CFR 11910.134 and ANSI 288.2 requirements must be 
followed whenever workplace conditions warrant a 
respiratork use. Wear a NIOSH&ISHA -slpproved (or 
equivalent) full-&epiece airline respirator in the 
positivz pmssurc mode with emergency escape 
provisions. 

***+ SECTION 9 -PHYSICAL AND CHEMKAL PROPERTIES **++ 

Physical State: Not available. 

ilEF=: 
Not available. 

. None reported. 
pE Not available. 
vaporpressure: Not available. 
Vapor Density: Not available. 
Evaporation Rate: Not available. 
Viiscosi~: Not available. 
l3oiling Point: 139 - 14oY.Y @ 76o.oomm Hg 
Free&&Melting Point: -7m 
Decomposition Temperature: Not available, 
Sohlbility: soluble in ethanol and ethyl ether 
Specific Gravity/Density: .829Og/cm3 
Molecular Formula: C7H160 
Molecular Weight: 116.20 

l +** SECTION 10 - STABLITY AND REACTIVITY l *** 



_ 

I  

chemical stability: 
Stableundernormaltempemtwsandpressures. 

Conditions to Avoid: 
Incompatible materials, strong oxidants. 

Incompatibilities with Other Materials: 
Strongacids-strongo~~ogents-acidchlorides-strong 
reducing agents - acid anhydr. - phosphorus halides. 

HazardousDecompositionproducts: 
hiMiIlglUAdtOXiCfilUWSUldgases. 

HazardousPolymerizatioll: Has notbeenreporkd. 

l *** SECT’IJN 11 -TOXICOLOGICAL INFORMATION l *** 

RTECS#: 
CAS# 600-36-2 unlisted. 

LD50/Lc50: 
Not available. 

Carcinogenicity: 
2,4-Dimethyl-3-pentanol, 99+% - 

Not listed by ACGIH, IARC, NIOSH, NTP, or OSHA. 

**c++ SECTION 12 - ECOLQGXXL INFORMATION *a** 

ECOtOXid@: 
Not available. 

++++ SECTlON 13 -DISPOSAL CONSIDERATIONS +*+* 

Disposeafina manner consistent withfedera& state, and local regulations. 
RCRA D-Series Maxhum Chcentration of Contaminants: Not listed. 
RCRA D-Series Chronic Toxicity Reference Levels: Not listed 
RCM F-Series: Not listed. 
RCRA P-Series: Not listed. 
RCRA U-Series: Not listed. 
NotlistedasamaterialbannedfromlanddisposalaccordingtoRCRk 

*+a+ SECTLON 14 - TRANSPORT INFORMATION *+*+ - 

- 

US DOT 
Shipping Name: ALCOHOLS, N.O.S. 
Hazardclass 

UN Number: UN1987 
Packing Group: II 

lM0 
Shipping Name: ALCOHOLS, N.O.S. 
Hazard class: 3.3 

UN Number: 1987 
Packing Group: III 

IATA 
Shipping Name: ALCOHOLS, N.O.S.+ 
HazardClass: 

UN Number: 1987 
Packing Group: III 

RlD/ADR 



Shipping Name: ALCOHOLS, FLAMMABLE, N.O.S. 
Dangerous Goods code: 3(3 1C) 

UNNumher: 1987 
CanadianTDG 

No information available. 

+*++ SEC!TlON 15 -REGULATORY INFORhJATION ++** 

FEDEXAL 
TSCA 

CAS# 600-36-2 is listed on the TSCA imxntory. 
Health&SafetyRepoltingList 

NoneofthechemicalsareontheHealth&SafetyReportingList. 
Chemical Test Rules 
None of the chemicals in this product are under a Chemical Test Rule. 

section 12b 
None of the chemicals are listed under TSCA Section 12b. 

TSCA Significant New Use Rule 
None of the chemicals in this material have a SNUR under TSCA. 

SARA 
section 302 (RQ 
Noneofthec~-?licalsinthismaterialhaveauRQ. 

Section 302 m 
NoneofthechemicalsinthisproducthaveaTPQ. 

section 3 13 
NochemicalsareqxutableunderSection313. 

CleanAirAct: 
This mated does not contain any hazardous air pollutants. 
This material does not contain any Class 1 Ozone depletors. 
This material does not contain any Class 2 Ozone depletors. 

Clean water Act 
None oftbe chemicals in this product are listed as Hazardous 
Substancea under the CWA 
NoneofthechemicalsinthisproductaxelistedasPriority 
Pollutants under the CWA 
None ofthe chemicals in this product are listed as Toxic Pollutants 
under the CWA 

OSHAZ 
None ofthe chemicals in this product are considered highly hazardous 
by OSHA. 

STATE \ 
Not present on stat& lists lium CA, PA, MN, MA, I%, or NJ. 
California No Significant Risk Level: 
None of the chemicals in this product are listed. 

INTERNATIONAL 
EuropeauMeling’in AccordancewithECDirectivea 

HazardSymhol~Notavailahle. 
RiskPhrases: 
Safety Phrases: 

S 16 Keepawayfkomsources of ignition - No 
SlUOkhlg. 

CAS# 600-36-2 is listed on Cauada’s DSLMXL List. 
CAS# 600-36-2 is not listed on Canada’s Ingredient Disclosure List. 



Exposure Limits: 

- 

-  

3 

-- 

-- 

- 

+++* SEC.!TlON 16 - ADDITIONAL INFORMATION *+*+ 

Additional lnfolmation: 
No additional information available. 

MSDS Creation Date: 310111994 Revision #l Date: 3/04/19% 

Theinfo~onaboveisbekvedtobeaccumteandrepresentsthebest 
information currently available to us. However, we make no wananty of 
merchantabilityoranyother warrauly, express or implied, with respect to 
such inf0rmati0~ and we assume no liability resulting Corn its use. Users 
should make their own investigations to dewmine the suitability ofthe 
information for th.i particular purposes. In no way shall Fisher be liable 
for any claims, losses, or damages of any third party or for lost pro&s 
or any special, indire& incidena consequential or exemplary 
dZUIXtge&hoWSoeVertKiSiI&~enifFisherhasbeenadvisedaf 
the possibility of such damages. 

=- 



- I--------I-I I 111-704 ~1-HEPTAN0L 1203-897-9 1 

- 

**+* MATERIAL SAFETY DATA SHEET l *** +**+ MATERIAL SAFETY DATA SHEET **** 

l-Heptanol, 98% 
36897 

**+* SECTION 1 - CHZMICAL PRODUCT AND COMPANY IDENTlFICATION l *** 

MSDS Name: l-Heptanol, 98% 

Heptyl alcohol 
Company Identification: Acres Organics N.V. 

JanssenPharmaw~ticalaan3a 
2440 Geel, Belgium 

For Mormation in North America, talk 800-ACROS-01 
For information in Europe, call: 0032(O) 14575211 
For emergencies in the US, call m: 800-424-9300 
For emergencies outside the US, talk 0032(O) 14575299 

**** SECTION 2 - COMPOSITION, INFORMATION ON INGREDIENTS **** 

I cAs# I ChemicalName 1 % IEINEC!S#I 

++*+ SECTION 3 -HAZARDS lDENTIFIC!ATION l *** 

Not available. 
EMERGEM!YOVERVIEW 

Appearance: Not available. Flash Point: 73’c. 
Not available. 
Target Organs: None known. 

PotentialHealthEZkcts 
Eye: 

c4luseseyeirritation. causesrednessaudpain. 
skin: 

HlUUlfdifabS@~throughtheSkiIl. 

Ingestion: 

Harmful if swallowed. May cause headache. 
Inhalation: 

Maycauserespiratotytractirritation.Maycausedrowsin~ . 
unconscio~ and central nervous system depression. 

chronic: 
Not available. 

3 

*+++ SECTION 4 -FIRST AID MEASURES +++* 

Eyes: 



-- 

c- 

m 

- 

=- 

- 

- 

nusheyeswithplentyaf~foratleast1sminutes, 
tlaasionallyliftingtheupperandlowerlids.~medicalaid 

skin: 
GetmedicaldFlushdrinwithplentyafsoapandwaterforat 
least 15 minutes while remov& contaminated clothing and shoes. 

Ingestion: 
Do NOT in&e vomiting. Get medical aid Wash mouth out with water. 

Inhalation: 
Remove.fi-omexposmztofkshairimmediafely.Ifnotbreath& 
give artificial respiration. Ifbreathing is difIicult, give oxygen. 
Get medical aid 

Notes to Physician: 
Treat symptomatidy and supportively. 

++++ SECTION 5 -FIRE PlGHTING MEASURES **+* 

General hlformati.“l: 
Asinanyfire,wzaraself~ntainedbreathkgapparatusin 
Pressure-demand, lvfSWNIOSH (approved or equivalent), and full 
protective gear. Will burn if involved in a fke. Combustible 
Liquid. 

ExtinguishingMedia: 
Dondusewaterdirectlyonfire.Usewaterspraytooool 
flmxposed containers. Use foam, dry &mica& or carbon dioxi&. 

Autoignition Tempera-: 3SO’C ( 662.OO’F) 
Flash Point: 73’c ( 163.4O’P) 
NFPA Rating: Not published. 
Explosion Limits, Lower: Not available. 

Upper:. Not available. 

***+ SECTION 6 - ACCIDENTAL RELEASE MEASURES **** 

General Information: Use proper personal protective equipment as indicated 
in Section 8. 

spill&%&s: 
Absorb spill WA inert matea (e.g., dry sand or earth), then 
place into a chemical waste container. 

**** SECTION 7 -HANDLING and STORAGE +a+* 

‘ Handling: 
Avoid breathing dust, vapor, mist, or gas. Avoid contact with skin 
and eyes. 

storage: 
Keep away from sources of ignition. Store in a cool, dry place. 
Store in a tightly closed container. 

**** SECTION 8 - EXPOSURE CONTROLS, PERSONAL PROTECTION **** 

Engineer@ ConUols: 
Use adequate ventilation to keep airborne concentrations low. 

ExposureLimits 



P 

- 

- 

1 ChemicalName -1 ACGIH 1 NIOSH JOSHA - Final PELsl 

OSHAVacatedPELs: 
l-HEPTANOL: 
NoOSHAVa&tedPELsa.relistedforthischemical. 

Personal protective -quipment 

Eyes: 
wear appropriate protective eyeglassw or chemical 
safety goggles as described by OSHA’s eye and face 
protection reglllations in 29 CFR 1910.133. 

Skin: 
wear appropriate protective gloves to prevent skin 
wrpomue. 

Clothing: 
wear appropriate plwxtive clothing to prevent skill 
-- 

RCSpiGltOrS: 
Follow the OSHA respirator regulations found in 29CFR 
1910.134. Always use a NIOSH-approved respirator when 
==w. 

**+* SECTION 9 -PHYSICAL AND CHEIMCCAL PROPERTIES +*** 

Physical State: Liquid 
4-: Not available. 
odor: slight pleasant 
PH: Not available. 
VaporPressure: 0.5 mbar @ 2oLc 
VaporDensity: Not available. 
Evaporation Rate: Not available. 
Viscosity: Not available. 
&ding Point: 176’C @ 76O.OOm.m Hg 
Freezing/Melting Point: -35’C 
Decomposition Temperature: Not available. 
Sohlbility: soluble in ethanol, ether and usual orga 
Specitic Gravity/Density: .822Oglcm3 
Molecular Formula: C7H160 
Molecular Weight: 116.20 

l *** SECTION 10 - STABILITY AND REACTIVITY ***+ 

Chemical Stability: 
Stable under normal tempemtuw and pressmes. 

Conditions to Avoid: 
Incompatiblematerhk 

Incompatibilities with Other Materials: 
Strong oxidizing agents - strong acids - acid chlorides - acid 
itUh+kkS. 

Hazardous Decomposition Products: 



Carbon monoxi b, carbon dioxide. 
Hazardous Polymefization: Has uot been reported, 

++++ SECTION 11 - TOXICOLQGICAL INFORMATION **** 

P 

RTEX.!S#: 
c!As# 111-706: MKo35oooo 

LDso/Lc50: 
CAS# 111-706: Inhalation, mouse: LC50 =6600 mg/m3/2H; OraZ mouse: 
ID50 = 1500 m.g/& Oral, rabbit: LD50 = 750 mg& oral, rat: LD50 = 
500 mg& Skin, rabbit: I950 = 2 gmkg. 

carcin0genicit.y: 
I-HEETANOL - 

Not listed by ACGIH, IARC, NIOSH, NTP, or OSHA. 
Epidemiology: 

No data available. 
Teratogenicity: 

No data available. 
ReproductlveEffects: 

-- 

- 

No &ta avail& :. 
Neurotoxicity: 

No data available. 
Mutagenicity: 

Mutation: 
other studies: 

No data available. 
- 

l *** SECTION 12 - ECOLQGICAL INFORMATION **** 

ECOtOXiCitJ? 
Not available. 

Environmental Fate: 
Not available. 

Physical/Chemical! 
Not available. 

Other: 
Not available. 

**++ SECXON 13 -DISPOSAL CXlNSIDERATIONS ++++ 

Disposeofinamanner consistent with federal, stab, and local regulations. 
RCRA D-Series Maximum Concentration of Contaminauts: Not listed. 
RCRA D-Series Chronic Toxicity Reference Levels: Not listed. 
RCRA F-Series: Not listed. 
RCRA P-Series: Not listed. 
RCRA U-Series: Not listed. 
NotlistedasamaterialbannedfkomlanddkposalaawdingtoRCRA. 

+*++ SECTION 14 -TRANSPORT INFORMATION +**+ 

US DOT 
No information available 

Ih40 
Shipping Name: ‘IYXIC LIQUID, ORGANIC, N.O.S. 



-- 

-- 

Hazard Class: 6.1 
UN Number: 2810 

Packing-Group: III 
IATA 

Shipping Name: TOXIC LIQUID, ORGANIC, N.O.S.’ 
Hazard Class: 6.1 

UN Number: 2810 
Packing Group: III 

RID/ADR 
Shipping Name: TOXIC LIQUID, ORGANIC, N.O.S. 

Dangerous Goods code: 6.1(2X) 
UN Number: 2810 

CanadianTDG 
No information available. 

*+** SECTION 15 - ReGuLAToRY INFORMATION **** 

FEDERAL 
TSCA 

CAS# 11 l-70-6 is listed on the TSCA inventory. 
Health & Safety Reporting List 

NoneafthechemicalsateontheHeatth&safetyReportingList. 
Chemical Test Rules 
None ofthe chemicals in this product are under a Chemical Test Rule. 

Section 12b 
None of the chemicals are listed under TSCA Section 12b. 

TSCA Significant New Use Rule 
None of the chemicals in this material have a SNUR under TSCA. 

SARA 
section 302 (RQ) 
None of the chuicals in this material have an RQ. 

Section 302 (I’PQj 
None ofthe chemicals in this product have a TPQ. 

SARAcodes 
CAS # 111-70-6: acute, flammable. 

sectioIl3 13 
No chemicals 8te reportable under Section 3 13. 

CleanAirActz 
This matelial does not contain any hazardous air polhltam. 
This material does not contain any Class 1 Ozone depletors. 
This material does not contain any Class 2 Ozone depletors. 

Clean water Act: 
NoneofthechemicalsinthisproductarelistedasHazardous 
substances under the CWA. 
None ofthe chemicals in this product are listed as Priority 
Polh~tants under the CWA. 
None of the chemicals in this product are listed as Toxic PoMants 
under the CWA. 

OSHAI 
None of the che&als in this product are considered highly hazardous 
byOSJ= 

STATE 
NotpresentonstatelistsfkomCA,?A,h4N,M&PL,orNJ. 
California No Significant Risk Level: 



- 

- 

None ofthe chemicals in this pnxkct are listed. 
INTJZRNATIONAL 

EuropeanLabelingin AccordanccwithECDirectives 
Hazard Symbol;: XN 
RiskPhrases: 
Safety Phrases: 

s26 Incaseofamactwithcyes,rinse~ 
withplentyofwaterandseekmedicaladvice. 
S 36/37/39 Wear suitable protective cloth& gloves 
and ey-ehce protection. 

CAS# 11 l-70-6 is listed on Canada’s DSLINDSL List. 
CA!% 11 l-704 is not listed on Canada’s Ingredient Disclosure List. 

ExposueLimits: 
CAS# 111-704:. OEL-RUSSIA:SlEL 10 m&n3;Skin 

l ++* SECTION 16 - ADDJTIONAL INFORMATION +++* 

Additional information: 
No additional infiwmation available. 

MSDS Creation Date: 3/01/1994 Revision Ul Date: 10/10/19% 

TheinformatonaL~veisbelievedtobe aticmteandrepresentsthebest 
information currently available to us. However, we make no warraniy of 
merchantability or any other warmnty, express or implied, with respect to 
such information and we assume no liability resulting from its use. Users 
should make their own investigations to de&mine the suitability of the 
information for their particular pqoses. In no way shall Fisher be liable 
forauy~losses,ordamagesofanythirdpartyorforlostprofits 
or any speck& indire& incident consequential or exemplary 
da=iF%b- ari&g,evenifFisherhasbeenadvisedof 
the possibility ofsuchdamages. 



- 

- 

- 

+*+* mw SAFETY DATA SHEET +++* ++** hMIERbU SAFETY DATA SHEET **** 

2-Ethyl-l-hexanol, 99% 
59765 

***+ SECTION 1 - CHlBlICAL PRODUCT AND COMPANY IDENTIFICATION **** 

MSDS Name: 2-Ethyl-1-hexanol, 9% 

Company Identificatiu~ Acres Organ& N.V. 
JanssenPhammceu tkalaan3a 
2440 zeel, Belgium 

For information in Nor& America, call: MO-ACROSal 
For information in Ehrope, talk 0032(O) 14575211 
For emergencies in the US, call CHEMTREC: 800-424-9300 
For emergencies outside the US, cak 0032(O) 14575299 

**** SECTION 2 - COMPOSITION, INFORhJATION ON INGREDIENTS **** 

I cAs# I ChemicaIName I % 1-1 

i 104-76-7’ P-Ethyl-l-hexanol, 9% ’ I ’ I203-2;4-3 I 

**** SECTION 3 -HAZARDS IDENTIFICATION *+a* 

3 EMERGENCY OVERVIEW 
Appearam: cl&r col&rless liquid 

- 

Target Organs: None. 

Potential Health Effects 
The toxicological properties ofthis materhl have not been 
investigated use appropriate procedures to prevent opportunities 
for direct contact with the skin or eyes and to prevent hhalation. 

**++ SECTION 4 -FIRST AID MEASURES +*+* 

Eyes: 
Immediately flush eyes with plenty of water for at least 15 minutes, 
occasionally lifting the upper and lower lids. 

skirt 
Flushdrinwith~lentydsoapandwatetforatleast 15minutes 
while removhg contambted clothing and shoes. 

@e&on: 
DO NOT induce vomiting. Allow the victim to rinse his mouth and then 
todrink2-4cupfulsofwate.r,d6eekmedicaladvice. 



Inhalation: 
Removefkom~toikshairimmediately. 

Notes to Physician: 
Treat symptomatically. 

+*++ SECTION 5 - PIRE PIGHTING MEASURES +*** 
- 

3 

P 

- 

P 

- 

General lnformatioL: 
Asinanyfire,wearaselfcontainedbrea&ingapparatusin 
Pressure-demand, MSHA/NIOSH (approved or equivalent), aud full 
protective gear. During a m irritating and highly toxic gases 
may be generated by thermal decomposition or combustion. 

l!kbguishiIlgMedia: 
Incasedfire,usewater,drychemicaJchemicalfoam,or 
alcohol-resistant foam. 

Autoignition Temperature: 27O’C ( 518.o(yF) 
Flash Point: 7X ( 17O.m 
NFPA Rating: health-2; flammability-Z reactivity-0 
Explosion Limits, Lower: 1.10 ~01% 

upper: 7.40 vol % 

+++* SECTlON 6 - ACCIDENTAL RELEASE! MEASURES **** 

General Information: Use proper personal protective equipment as indicated 
in Section 8. 

spills/k&: 
Absorb spill with inert material, (e.g., dry sand or earth), then 
place into a chemical waste container. Clean up spills immediately, 
observing precautions in the Protective Equipment section. 

++++ SECTlON 7 - HANDLlNG and STORAGE +*+* 

l-hldlillg: 
Wash thoroughly after handling. Remove contaminated clothing and 
wash before reuse. Avoid contact with eyes, skin, aud clothing. Avoid 
ingestion and inhalation. 

storage: 
Store in a cool, dry place. Keep container closed when not in use. 

+++* SECTION 8 -EXPOSURE CONTROLS, PERSONAL PROTECTION **** 
- 

Engineering Cont.&s: 
Use adequate gekral or local exhaust ventilation to keep airborne 
concentrations klow the permissible w limits. Use process 
enclosure, local exhaust ventilation or other engineering controls 
to control ahborne levels. 

E?cpoMeLimits 
+- A I 
1 Chemical Name 1 ACGIH 1 NIOSH )osHA-FinalPELs, 

------I-- 
brie listed Jnonelisted 1 

199% I I I I 
+ I +-I 



0SHAvacatedPELs: 
2-Ethyl-l-hexano4 9% 
NoOSHAVacatedPl?J..sarelistedforthischemical. 

Personal Protective Equipment 

Wear safety ghuses and chemical gogglea ifsplashing 
is possible. 

Skin: 
wear appropriate protective gloves and clothing to 
prevent skinexposw 

Clothing: 

. 

- 

wear appropriate prokctive clothing to minimk 
contact with skin. 

Rk?SpiratorS: 
wear L ~xIoSlwMSHA-approved (or equivalent) 
fidl-fkqkce airline respirator in the positive 
pressure mode with emergency escape provisions. 

**++ SECTION 9 -PHYSICAL AND CHEMICAL PROPERTIE% **+* 

-- 

Physical State: Not available. 

2”““: Not available. 
. None reported. 

pH: Not available. 
vapor Pressme: 0.36 hPa @J 20 C 
Vapor Density: Not available. 
Evaporation Rate: Not available. 
Viscosity: lOmPas2OY! 
Boiling Point: 183.0 - 186.0% @ 76O.Oomm Hg 
Freezing/Melting Point: -76.O’C 
Decomposition Temperature: Not available. 
Sohlbility: 0. lg/lOOml(20 c) 
Specific Gravity/Density: .833Ogkm3 
Molecular Formula: C8H180 
Molecular Weight: 130.23 

l *++ SECTION 10 - STABILI’IY AND WACTIVITY **++ 
-- 

_ 

.- 

Chemical Stability: 
Stable under normal temperatures and presswes. 

Conditions to Avoid: 
Incompatible materials, strong oxidants. 

Incompatibilities with Other Materials: 
Strong oxidizing agents - strong acids. 

HazardousDecompositionProducts: 
Carbonmonoxide,irritatingandtoxicfumesandgase44~n 
dioxide. 

lkxdousPolymelization:Hasmtbeenreported. 

*+++ SECTION 11 - TOXICOLUGICAL INFORMATION +*** 
- 



- 

- 

-- 

-- 

- 

- 

RTECW 
CAM 104-76-7: MPo35oooO 

LD5O/LC5O: 
CAM 104-76-7: Oral, mouse: LDSO = 2500 mgkg OmI, rabbit: LD50 = 
1180 mg& Ora& rat: LD50 = 2049 mg/kg, !5kiq rabbit: LD50 = 1970 
mg/kg. 

carcinogenicity: 
2-Ethyl-1-hexanol, 99?h - 

Not listed by ACGIH, IARC, NIOSH, NTP, or OSHA. 

+*+* SECTON 12 -ECOLOGICAL INFORMATION ++*+ 

lkOtOXiCi@: 
Not available. 

+*++ SECTION 13 -DISPOSAL CONSIDERATIONS +*+* 

Dispose of in a manner consistent with federal, state, and local regulations. 
RCRA D-Series Maximum Concentration of Contamimmts: Not listed. 
RCRA D-Series Chronic Toxicity Refkrence Levels: Not listed. 
RCRA F-Series: Not listed. 
RCRA P-Series: Not listed. 
RCXA U-Series: Not listed. 
NotlistedasamaterkIbannedfromlanddiqosalaccordingtoRCRA. 

l +++ SECTION 14 - TRANSPORT INFORMATION ++++ 

USDOT 
No information Jvailable 

IMO 
Not regulated as a hazardous material. 

IATA 
Not regulated as a hazardous material. 

RIDMDR 
Notreguktedasahazudousmakrial. 

CanadianTDG 
No information available. 

l *** SECTION 15 -REGULATORY INFORMATION **** 

FEDERAL 
TSCA 

CA&Y 104-76-7 is listed on the TSCA inventory. 
Health & Safety Reporting List 

CAM 104-76-7: Effective Date: June 1,1987 
Chemical Test Rules 
CAM 104-76-7. Testing required by: manufkturexs; p -lS(4OCFR 

Section 12b 
CAS# M-76-7: export notilication required - Section 4 

TSCA Significant New Use Rule 
None of the chemicds in this materid have a SNUR under TSCA. 

SARA 
Section 302 (RQ) 
NoneafthechemicalsinthismaterialhaveaaRQ. 



-- 

section 302 (TPQ) 
NoneofthechcnicalsinthisproducthaveaTPQ. 

sAlucJ43des 
CAS # 104-76-7: acute, chronic, flammable. 

section 3 13 
No chemicals are reportable under Section 3 13. 

Clean Air Act: 
This nlamial does not contain any hazardous air pollutants. 
Thismakrialdoesnotc4xtainanyClasb-1Ozonedepletors. 
This nx-mial does not contain any Class 2 Ozone depletors. 

Clean Water Act: 

-- 

None of the chemicals in this product are listed as Hazardous 
substances under the CWA. 
NoneofthechemicalsinthisproductarelistedasPriority 
Pollutants under the CWA. 
None of the chemicals in this product are listed as Toxic Pollutants 
under the CWA. 

OSSW 

- 

- 

None of the chemicals in this product a~ considered highly hazardous 
bye- 

STATE 
2-Ethyl-I-hexano~ (!+9?! can be found on the following state right to 
know lists: Florida, Pennsylvania, Massachusetts. 
California No Significant Risk Level: 
None ofthe chemicals in this product are listed. 

INTERNATIONAL 
- EuropeanLabelingin AccordancewithECDirecti= 

~SplbOlS:XN 
RiskPhrases: 
Safety Phrases: 

S23 Donotinhale e@mY. 
S 24/25 Avoid contact with skin and eyes. 

CAM 104-76-7 is listed on Canada’s DSIJNDSL List. 
CAM M-76-7 is listed on Canada’s Ingredient Disclosure List. 

lkposureLimits: 

+*+* SECTION 16 - ADDITIONAL INFORMATION +*** 

Additional Inforrzkn: 
No additional tiormation available. 

MSDS Creation Date: 3/01/1994 Revision #l Date: 3/04/19% 

Theinfonnationaboveisbelievedtobeaccurateandrepresentsthebest 
information currently available to us. However, we make no warranty of 
merchantability or any other warmnty, express or implie with respect to 
such information, and we assume no liabilily nzsulting fi-om its use. Users 
should make their own investigations to determine the suitabiity ofthe 
information for their particular puqoses. In no way shall Fisher be liable 
foranyclaims,losses,ordamagesofanythirdparQorforlostprofits 
or any specia& indirect, incidenta& amsequential or exemplary 
d-w=b- 8riSh&cVenifFisherhaSbeenadSkdaf 
thepossibilityofsuchdamages. 
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l *++ MATERIAL SAFETY DATA SHEET ++*+ +*+* MATERIAL SAFETY DATA SHEET **** 

calchlm chlori& dihydrate 77 - 80% cad2 flakes for dlying purposes 
95445 

**+* SECTION 1 - CHEh4ICAL PRODUCT AND COMPANY IDENTIFICATION **** 

MSDS Name: Calcium chloride dihydrate 77 - 80% cad2 flakes for drying puqoses 

None. 
Company liientification: Acres Organic N.V. 

Janssen Phammce&calaau 3a 
2440 Gee4 Eelgium 

For information in North America, calt 800-ACROS-01 
For information in Europe, call: 0032(O) 14575211 
For emergencies in the US, call CHEMTREC: 800-424-9300 
For emergencies outside the US, call: 0032(O) 14575299 

**+* SECTION 2 - COMPOSlTlON, lNFOl&fATlON ON lNGREDlENTS **** 

I’ CAs# I’ Chemical Name I’ % I&Ecs#~I 

Hazard &bols: XI 

**** SECilON 3 -HAZARDS IDENTIFICATION **+* 

-- 

- 

- 

- 

EMERGENCYOVER.VlEW 
Appearauce: White hygroscopic platelets. 
Caution! Causes respiratory tract irritation. May cause digest& 
tract irritation. Hygroscopic. May be harmful if swallowed. Causes 
eye and skin irritation. 
Target Organs: None. 

Potential Health EfEixts 
Eye: 

Causes eye irritation. 
Skin: 

Causes skin irritation. 
Ingestion: 

May cause severe gastrointestinal tract irritation with nausea, 
vomiting and possible bums. May be harmful if swallowed. 

Inhalation: 
May cause sex. : irritation of the upper respiratoxy tract with 
pain, bums, and Mammation. 

chronic: 
No information found. 



*++* SECTlON 4 -FIRST ATD MEASURES +*** 

Immed&ely flush eyes with plenty of water for at least 15 minutes, 
occasionally lif-ng the upper and lower lids. Get medical aid 
immediately. 

Skin: 
Get medical aid Immediately flush skin with plenty of soap and 
water for at least 15 minutes while removing contamkakd clothing 
and shoes. 

Ingestion: 
Do NOT induce vomiting. Ifvictim is conscious and alert, give 2-4 
cupfutsd~orwslter.Nevetgiveanythingbymouthtoan 
unconscious person Get medical aid immediately. 

hhalation: 
Getmedicalaidimmed&ely.Removefkom~tofkshair 
. uumeddcly. If not breathiq give artificial respiration. If 
breath@ is dil&ult, give oxygen. 

Notes to Physician: 
Treat symptomatically and supportively. 

Antidote: 
None reported 

l *** SFCJON 5 -FIRE FIGHTING MEAS~ *+*+ 

General Information: 
Substance is noncombustible. 

l&thgUiShillgMedia: 
Do not use water directly on fire. S&stance is noncombustible; use 
agent most apphpriate to extiquish surrounding fire. 

Autoignition Tkmperature: Not available. 
Flash Point: Not available. 
NFPA Rating: Not published. 
Explosion Limits, Lower: Not available. 

Upper: Not available. 

+*++ SECFION 6 - ACCIDENTAL RELEASE MEASURES ***+ 

General Information: Use proper personal protective equipment as indicated 
in Section 8. 

spill&e&s: 
Vacuum or swe-p up material and place into a suitable disposal 
container. Clean up spills immedkkly, observing precautions in the 
Protective Equipment section. 

+*** SECTlON 7 - l&UJDLlNG and STORAGE **** 

wash thoroughly after handling. wash hands before eating. use with 
adequate ventilation. Avoid breath@ dust, vapor, mist, or gas. Do 
not get on skin or in eyes. Avoid ingestion and inhalation. 

storage: 
Store in a coo& dry place. Store in a tightly closed container. 



-- 
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*+** SECTION 8 -EXPOSURE CONTROLS, PERSONAL PROTECTION **** 

I’ ChemicalNani 1 ACGM‘ 1 NIOSH . @SH.A-FinalPa 
l-------l 
1 Calcium chloride dilnone listed -yiizz?- lnonew I 
1 hydrate, 77-80% CaCl I I I 
112,flakesfordryil 
IngPurposes I 1’ I I 
+ I --t-r 

OSHAVacatedPEk 
calcium chloride dihydrate, 77-80% cam, ilakes for drying purposes: 
No OSHA Vacated PE!Ls are listed for this chemical. 

PersonalProtectiveE!quipment 

Eyes: 
Wear appropriate protective eyeglasses or chemical 
saktygogglesasdescribedbyOSHAbeyeandfhce 
protection regulations in 29 CFR 1910.133. 

skin: 
Wear appropriate gloves to prevent skin eqosure. 

Clothing: 
wear appropriate protective clothing to minimize 
contact with skin. 

RespiratorS: 
Follow,& OSHA respirator regulations found in 29CFR 
1910.134, Always use a NIOSH-approved respirator when 
-,W 

*++* SECTION 9 -PHYSICAL AND CHEMICAL PROPERTIES **** 

Physical State: Solid 
Appearance: White hygroscopic platelets 
Odor: Odorless. 
pH: Not available. 
VaporPressm: O.OlmmHg@2OC 
Vapor Density: Not available. 
Evaporation Rate: Negligible 
viisity: Not available. 
Boiling Point: Not available. 
Freezing/Melting Point: 17X 
Decomposition Temperature: Not available. 
SOhlbilitJY 326 G/lOOML (6O’C) 
Specific GravityiDensity: .835O&m3 
Molecular Formti cacl2.2H20 
Molecular weight: 147.02 

. 
**++ SECTION 10 - STABILlTY AND REACTIVITY ++** - 



chemical stability: 
- 

- 

- 

=- 

- 

Stable under normal tempemtwes and presswes. 
Conditions to Avoi& 

Incompatiile materia& exposme to moist air or water. 
Incompatibilities with Other Materiak 

Boric oxide + c&huu oxide, bromine trifkorik, react with zinc to 
form explosive 4ydrogen gas; catalyzes exo&xmic polymekation of 
vinyl ether, explules at roomtemperature when added to 
furan-2-peroxyczubolic acid; and undergoes an exohlmic 
(heat-producing) reaction with water. 

Haze-dous DecompositionProducts: 
Hydrogen chloride. 

Hazardous Polymerization: Will not occur. 

**+* SECTION 11 - TOXICOLOGICAL INFORMATION +**+ 

RTEES#: 
CAs# 1003544-8: Ev981oooo 

LD5oLC50: 
Not available. 

carcinogenicity: 
calciuIn chloride dihydrate, 7740% cam, flakes for drying purposes 
- 
Not listed by ACGlH, IARC, NIOSH, NTP, or OSHA. 

Epidemiology: 
No data available. 

Teratogenicity: 
No data available. 

ReprodwtiveEffects: 
No data available. 

Neurotoxicity: 
No data available. 

Mutagenicity: 
sin-smc 200 mx@/L dns-rat-ipr 2500 @al/kg cyt-rat/a& 3500 mgkg 

other studies: 
No data available. 

++++ SECTION 12 -ECOLOGICAL. INFORMATION *+** 

- 

1 

EkOtOXiCitJY 
Not available. 

Environmental Fate: 
Not available. 

PhysicalKhemical~ 
Not available. 

Other: 
Not available. 

*+++ SECTION 13 -DISPOSAL CONSIDERATIONS **** 

Disposedinamanner consistent withf&ra& state, and local regulations. 
RCIU D-Series Maximum Concentration of Contaminants: Not listed. 
RCRAD-Series Chronic Toxicity Ref” Levels: Not listed. 



RCRA F-Series: Not listed. 
RCRA P-Series: Not listed. 
RCRA U-Series: Not listed. 
NotliskdasamakrialbannedfiomhtnddisposalaccordingtoRCRA 

++++ SECTION 14 -TRANSPORT INFORMATION +*** 
C 

I  

- 

C 

- 

usm 
No information available 

IMO 
Not regulated as a hazardous material. 

IATA 
Not regulated as a hazardous material. 

RID/ADR 
Not regulated as a hazardous material. 

CanadianTDG 
No information available. 

**+* SECJON 15 -REGULATORY INFORMATION +*** 

FEDERAL 
TSCA 

CAS# 10035-04-8 is not on the TSCA Inventory. It is a hydrate and 
exempt from TSCA Inventory requirements (4OCFR270.3(~)(2)). 

Health & Safety Reporting List 
None of the chemicals are on the Health & safety Reporting List 

Chemical Test Rules 
No~d~chemicalsinthisproductareunderaChemicalTestRule. 

Section 12b 
None of the chemicals are listed under TSCA Section 12b. 

TSCA Sign&ant New Use Rule 
None ofthe chemicals in this material have a SNURunder TSCA. 

SARA 
Section 302 (RQ) 
None ofthe chemicals in this material have anRQ. 

Section 302 (TPQ) 
None of the ck?cals in this product have a TPQ. 

SARAcQdes 
CAS # 10035-04-8: acute. 

Section 313 
No chemicals are reportable under Section 3 13. 

Clean Air Act: 
This material does not contain any hazardous air pollutants. 
This materbl does not contain any Class 1 Ozone depletors. 
This mate&l does not contain any Class 2 Ozone depletom. 

Clean Water Act: 
None of the chemicals in this product are listed as Hazardous 
Substances under the CWA 
Noneofthechemicalsinthisprodudarelistedaspriority 
Pollutants under the CWA 
None of the chemicals in this product are listed as Toxic Pollutants 
under the CWA 

OSHA: 
None of the cheinicals in this product are considered highly hazardous 



Ic 

- 

C 

by0SI-W. 
STATE 

Not present on state lists fi-om CA, PA, MN, MA, FL, or NJ. 
California No Significant Risk Level: 
Noneofthechemicalsinthisproductarelisted. 

INTERNATIONAL 
EUKB~LiklingillACColIlanCCwithECDiXWiVeB 

Hazard Symbo”: XI 
RiskPhrases: 
safety Phrases: ’ 

s22 L~notinhaledus& 
S 24 Avoid contact with skin. 

None of the che@cals in this product are listed on the DWNDSL list. 
CAM 10035-04-8 is not listed on Canada’s Ingredient Disclosure List. 

ExposureLimits: 

+*** SECTION 16 - ADDITIONAL INFORMATION l *** 

Additional Information: 
No additional information available. 

MSDS Creation Date: Y19/19% Revision #l Date: 3/04/19% 

Theinformationaboveisbelievf3dtobeaccuate andrepresentsthebest 
information currently available to us. Howevez, we make no warranty of 
merchantability or any other wmanty, express or imp&x& with respect to 
such information, and we assume no liability resulting from its use. Users 
should make their bwn invest.igqions to determine the suitability ofthe 
information for their particular purposes. In no way shall Fisher be liable 
for any claimq loss:& or damages of any third parly or for lost profits 
or any speck& indirect, incidenta& consequential or exemphuy 
damages, howsoever arking,evenifFisherhasbeenadvisedof 
the possibility of such damages. 

-- 
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10-14-1997 3:48PM 

h$ ride: diethyloxide) 

ledd synthesis; industrial solvent; 
CO! -I denaturant 

116/- 123°C; b.p. 35°C; d.p. 442 
2:;. 0.7 ] 35 at 20/4”C; solub. 69,060 
j tug/l at z&C; THC 652 kcallmole, 

J p n, 1 ppm 3 3.03 m8/cu m 
gerr& ether odor 

t;f-~67];678;709;774:775;804) 
(316) 

(269) - 
(256) 

(301 
(301 

(181) 

feed; 200-l ,000 rig/l, acclimation: 
(93) 

4 PPm (1833) 
frri water at 23”C, mild aeration 

bear fit 96 hr LC,o 
I 96 br rwm 

1 .- LOO > 
100 

10,000 
, 
e-tic seawater at 2i9C, mild aeration 

best fit 96 hr Lc50 

r 96 tu ppm 
90 > to,000 

(352) 
42--30 ppm, 3 hr 

FROM CTR PETR/GEOSYS ENG. 512 471 9678 P. 4 

Z-ETHYL-1MEXANOL 657 

rat: inhalation: lethal: 64,000 .ppm 
dog; inhalation: lethal: 106,000 ppm 

. monkey: inhalation: lethal: 71,600-l 92,500 ppm 
-Man: severe toxic effects: 8,006 ppm = 24,624 mg/cu m, 60 min 

symptoms of illness: 2,000 ppm = 6,i 56 mg/cu.m 
unsatisfactory: >500 ppm = 1,539 mglcu m 
nose irritetion: 200 ppm 

ethylethyfans see ebutylene 

(211) 

(18s) 
(211) 

S-ethyIet)lylEvdohexylthiwrbamele see Ro-Nect 

ethylformato (ethylmcthanoate) 
CH,CHaOCHO 
A PROPERTIES: colorless liquid; m.w. 74.08; m.p. -79/-80°C: b.p. 54°C; v.p. ]g2 

mm at ZCl°C, 300 mm at 3O*C; v.d. 2.55; sp.gr. 0.924 at 25/4*C: solub. ]QS,OO(J 
ms/l at ZO”C, 118,000 me/l. at ZS’C!; THC 392 kca]/mole, L.HC 369 kcaJ/mo]e; 
satsonc. 774 g/cu m at 20°C. 1,170 g/w m at 3O*C 

B. AIR POLLUTION FACTORS: 1 mg/cu m = 0.33 ppm. I ppm = 308 mg/cu m 
-Odor threshold: recognition: 54-6 1 mgjcu m (6101 

C. WATER POLLUTION FACTORS: 
--WaSte water treatment: 

NFC,BOD, 20-C. l-10 days otirved, feed: ZOO-] ,000 mg/l, acclimation; 365 + 
P: 30% removed (93) 

-Impact on biodegradation processes: 
BObto test is not affected at 1 g/l (30) 

-Odor threshold: detection: 17 mg/kg (908) 
D. BIOLOGKXL EFFECTS: 

-Mammnlia: rat: inhalation! no deaths: conc.v?p., 5 min 
S/6: 8,000 ppm. 4 hr 

car: inhalation; no deaths; 4,060 ppm, 4 hr 
rat: single oral LDse: 4.3 g/kg 

-Man: eye and nose irritation: 330 ppm 
(21.1) 
(211) 

athylglyool see ethyleneglycolmonoethylcther 

e~y]glycdacetate see ethy]eneglyco]moootthy]etheracctate 

ethylgW.hion see atinphosethyl 

S-c~hylhrxahydr~‘lH-azrpirw-lcerborhio~ set molinate 

Methyl-1-hrxmd 
CH3(CHa),CH(C1Hr)CHtOH 

Uses: plasticitem for PVC resins; defoaming agent; wetting agent; organfc synthesis; 
solvent InkhUeS for nitroce]]dose, paints lacquers, baking fiijshts; text& fini&n8 
compounds; plasticizers: inks; rubber; paper; lubricants; photography; dry cleaning 



10-14-1997 3:49PM FROM CTR PETR/GEOSYS ENG. 512 471 9678 P. 5 

668 Z-ETHYL-I-HEXANOL 

A. PROPERTIES: colorless liquid; m-w. 130,23; m.p. -76°C; b.p. 183,S’C; v,p. 0.05 
- mm at 20°C; v.d. 4.49; sp.gr. 0.834 at 20/20°C; solub. 1,000 mg/l at 20°C; 

B. AlR POLLUTION: 1 mg/cu m = 0.18 ppm, 1 ppm = 5.41 mg/cu m 
-Odor: characteristic; quality: musty 

hedonic tone: unpleasant to pleasant 
T.O.C.: abs.psrc.lim.: 0.075 ppm 

SO% rtcogn.: 0.138 ppm 
100% recogn.: 0.138 ppm 
0.1. 100% recogn.: 949 (19) 

C. WATER POLLUTION FACTORS: 

-Impact on biodegradation processes: 
effect on respiration of glucose by mixed culture derived from activated sludge: 

concentration - increase in lag period respiration rate 
m/l hours % 

1 0 100 

1:: 
13 68 

110 0 
1,000 > 200 d (997) 

-water quality: 
Kanawhariver(USA): 13.11.1963: raw: 110 ppb 

- sand filtered; 8 ppb 
21.11.1963: raw: not detectable 

after aeration; 7 ppb 
carbon filttrod: not dctcctablc 

Delaware river (U.S.A.); cone. range: winter: 3-5 ppb 
summer: n.d. 

-Waste water treatment: 

(S9) 

(JO311 

-- 
AC.: adsorbability: 0.138 g/g; 98.5% reduction, infl.: 700 mg/i, cffl. 10 rng/l 

(32) 
conventional municipal treatment: infl. 0.110 mg/l; effl. 0.008 mg/l;86%remod 

(4W 
Biodegradation at 0.1 mg/l: 

normal sewage adapted sewage 
after 24 ht 0% 100% 
after 135 hr 100% 100% (997) 

-Reduction of amenities; T.O.C. e 0.27 mg/l (297)W) 
T.O.C. in water at room temp.: 1.3 ppm, range! 0.58-2.08 ppm, 13 judges 
20% of population still able to detect odor at (1.61. ppm 
IO!% of population still able to detect odor at 0.42 ppm 

1% of population still able to detect odor at 0.12 ppm 
0.1% of population still able to detect odor at 0.035 ppm (321) 

. 
D. BlOLOCICAL EFFECTS: 

-Fish: rainbow trout: 96 ht LCso (S): 32-37 mg/l (1500~ Cl. 
- -Mammals: 

TN! single Okd LDso: 3.2-6.4 g/kg 
‘$ 

mouse: single oral LDse: 3.2-6.4 g/kg 
rat: inhalation: nb deaths: 235 ppm, 6 lu (211) 

- 

kthythsxylrmine 
CH,-(CHds- 

k. BIOLOGICAL EFFECTS: 
-Toxicity threshold (cell multiplicatio 

bacteria (Pseudomonas pu tida): 
algae (Mycrocystti Ue~@Ios& 
green algae (Scenedesmus guadn’cati~l 
protozoa (Enroriphon nrierrtum): 
protozoa (Uronema pcrrducri Charm 

l-ethylherylglycidylether ( 1 -glYddylox: 

CFo-/H-CH,-O- 

L PWSWU~ES; b.p. 11 S-120°C at 20 n 
3. WATER POLLUTION FACTORS: 

-BOD5: 0.14 NEN 3235-5.4 
-COD: 2.46 NEN 3235-5.3 

b. BIOLOGICAL Ef FECTS: 

Fish: goldfish: LDso (24 hr): 14 mg 

Fylhydrosulfide see ethyimercaptad 

irhyiidenechloride see l,l-dichloroetha! 

Bdlylidenasyanohydrin see lactonitrilc 

tiylidenedichloride see 1.1.dichloroet: 

tiylisoamylketane see ethyl-see-amylk 

orhylisobutylw&mne ree I-methylhe*. 

:nh#etone B.V diethylketone 

‘~athyllacramidecarbsnila~ see carh 

rdrvlmercaptan (cthanethiol; cthylhyd 
!C&,SH 

User: LpG odorant; adhesive stabgi; 
li PROPERTIES: m.w. 62.13; m.P. - 1 

( 640 mm at 30°C; v.d. 2.14; Solub 

2,093 g&u m at 30°C 

Lb- AIR POLLUTION FACTORS: 1 m&J 



.( 
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902 n-PENTANOL 

I 
odor thresholds mglcu m 

detection 

recognition 

not 
specified 

(19; 278; 279; 307; 602;610; 613;676; 704; 709; 749; 788; 828) 
0.1. at 20°C = 368 

C. WATER POLLUTION FACTORS: 

-Oxidation parameters: 
BODS: 46% ThOD 

: 0.1265 
: 1.50; 1.61 
: 1.59 at 1,000 ppm, Warburg, sew. 
: 1.10 at lo-20 ppm. std. dil. sew 

BODzo: 0.1732 
COD: 81% ThOD (0.05 n K&O,) 
KMnO.+: 0.070 

0% ThOD (0.01 n KMn04) 
ThOD: 2.727 

(2-W 
(30) 

(258)(260) 
(267) 
(269) 

(30) 
(274 

(274 

-Waste water treatment: A.C.: adsorbability: 0.155 g/g C; 71.8% reduction, 
infl.: 1,000 mg/l, effl.: 282 mg/l (32) 

air flotation after chemical addition: 89% removal (173) 
anaerobic lagoon: lb COD/day/l ,000 cu ft: infl. mg/l; effl. mg/l 

22 315 70 
48 315 100 (37) 

A.S.: after 6 hr: 16.4% of ThOD 
12 hr: 25.4% of ThOD 
24 hr: 28.0% of ThOD (88) 

reverse osmosis: 40% rejection from 0.01 M solution (221) 
A.S., BOD, 20°C, l-5 days observed, feed: 333 mg/l, 30 days acclimation: 84% 

removed (93) 
D. BIOLOGICAL EFFECTS: 

-Toxicity threshold (cell multiplication inhibition test): 
bacteria (Pseudomonas putida): 220 mg/l 
algae (Microcystis aeruginosa): 17 mg/l 
green algae (Scenedesmus quadricaudu): 260 mg/l 
protozoa (Entosiphon sulcaium): 17 mg/l 
protozoa (Uronema parduczi Chatton-L woff ): 144 mg/l 

(1900) 
(329) 

(1900) 
(1900) ; 
(1901) / 

-Bacteria: E. coli: no effect at 1 g/l 
-Algae: Scenedesmus: toxic: 280 mg/l 
-Arthropod: Daphnia: toxic: 440 mg/l (m30) .:: 
-Fish: creek chub: LDe: 350 mg/l, 24 hr in Detroit river (243) ; 

LDtoo: 500 mg/l, 24 hr in Detroit river (243) ! 
,’ * . . . . . n< $,-T, m. 17n-4Ql-l ?nPll nt 1 OY! 1451) 

I 

2-pentanol see see-act-amylalcohol 

3-pentanol 
CHs-CH2-CHOH-CH1-CHs 
A. PROPERTIES: m.w. 88.15; b.p. 1 14- 

culated) 
D. BIOLOGICAL EFFECTS: 

-Fish: 
guppy (Poecilia reticulata): 7 d L( 

tert-pentanol see 2-meihyl-2-butanol 

1-pentanolacetate see prim-amylacetat, 

2-pentanone (methyl-n-propylketone, 
CHsCOCsH, 
A. PROPERTIES: colorless liquid; m.w. 

at 20°C, 16 mm at 2S°C, 21 ml. 

solub. 43,000 mg/l; sat. cont. 52 g 
B. AIR POLLUTION FACTORS: 1 mg/cu 

odor thresholds 

detection 

recognition 

not 
specified 

0.1.: at 20°C = 2,000 
-Manmade sources: in exhaust of 

ketone) 
C. WATER POLLUTION FACTORS: 

-Waste water treatment: 
AS.: after 6 hr: 0.4% of ThOD 

12 hr: 0.8% of ThOD 
24 hr: 1.8% of ThOD 

A.C.: adsorbability: 0.139 g/g C, 
w/l 

D. BIOLOGICAL EFFECTS: 

-Mammalia: guinea pig: inhalation 

3-pentanone see diethylketone 

4-pentenal 
CHXH(CH,)XHO 



.,I,I, ,, 
I I ““1 ‘I 

HC cons.: “ranking: <O.O 1 
(Jlbj 

NO ox.: ranking: 0.2 (63) 

: 0.08-3 ppb 
O%ile: 8 ppb 

gverage: 21 ppb 
‘0% ile: 35 ppb 
ge: 0.05-0.35 ppm 
emitted HC.s 
<0.6-<0.7 ppm 

(101) 

(64) 
(102) 
(72) 

(196) 

6.9-8.6 vol.% of total evaporated HC’s 
1 J-9.9 vol.% of total evaporated HC’s 

(398; 399; 400; 401; 402) 
.lr survey: 2.5 vol.% of total exhaust HC’s 

(391) 

groundwater-in presence of the other com- 
00 pi/l); biodegradation: 70% after 192 hr at 

(956) 
leous medium at 5O’C: 3 1.4% degradation to 

(1628) 
6 hr: 0.7% of ThOD 
2 hr: 0.5% of ThOD 
4 hr: 0.7% of ThOD (88) 

s up to 100 ppm after 96 hrs in artificial sea 

(317) 
Omin (211) 

IS; b.p. 239.4’C; specgr. 0.994 at 20/20°C; 

std. dil. sew (256) 

*served, feed: 200-l ,000 mg/l, acclimation: 
(93) 

2&pentanedione (acetylacetone; acetylmethane) 
CHaCOCH#OCHa 
A. PROPERTIES: colorless liquid; m.w. 100.11; m.p. -23.2OC; b.p. 139’C at 746 mm; 

spgr. 0.976; solub. 125,000 mg/l at 20°C, 5 15,000 mg/l at 8O’C; THC 616 kcal/ 
mole; log Pact 1.90/2.25 (calculated) 

B. AIRPOLLUTIONFACTORS: 
-Odor: characteristic: quality: sour rancid 

hedonic tone: unpleasant 
absolute perception limit: 0.010 ppm 
50% recogn.: 0.020 ppm 

100% recogn.: 0.024 ppm 
0.1.: 384.166 

c. WATERPOLLUTIONFACTORS: 
-Oxidation parameters: 

BODs: 5.6% of ThOD 
BODro: 40.0% of ThOD at 2.5 mg/l 
BODrs: 62.8% of ThOD 
BODso: 69.6 

D. BIOLOGICALEFFECTS: 

(405) 

-Toxicity threshold (cell multiplication inhibition test): 
bacteria (Pseudomonas putida): 67 mg/l 
algae (Microcystis aeruginosa): 8.5 mg/l 
green algae (Scenedesmus quadricauda): 2.7 mg/l 
protozoa (Entosiphon sulcatum): 11 mg/l 
protozoa (Uronema parduczi ChattonZwoff): 5.9 mg/l 

(1900) 
(329) 

(1900) 
(1900) 
(1901) 

pentanenitrile see valeronitrile 

ptanethiol see pentylmercaptan 

pentanoic acid see n-valeric acid 

npentanol (n-butylcarbinol, ptim-n-amylalcohol) 
CsHllOH 

Users and formulation: solvent mfg. of petroleum additives; urea-formaldehyde 
plastics processing; organic chemicals mfg.; raw material for pharmaceutical prep 
arations. (347) 

A. PROPERTIES: colorless liquid; m.w. 88.2; m.p. - 78.9OC; b.p. 138’C; v.p. 2.8 mm at 
2O’C; v.d. 3.04; spgr. 0.824 at 20/20’; solub. 27,000 mg/l at 22’C; THC 795.7 
kcallmole; LHC 745 kcal/mole; log Pact 1.40 

a AIR POLLUTION FACTORS: 1 mg/cu m = 0.278 ppm, 1 ppm = 3.60 mg/cu m 
-Odor: characteristic: quality: sweet 

hedonic tone: pleasant I 



630 ETHYLBUTANOATE 

-Fish: 
fatheads: soft water: TLm (25-96 hr): 48.5 mg/l 
fatheads: hard water: TLm (25-96 hr): 42.3 mg/l 
bluegills: soft water: TLm (25-96 hr): 35.1-32.0 mg/l 
goldfish: soft water: TLm (25-96 hr): 94.4 mg/l 
guppies: soft water: TLm (25-96 hr): 97.1 mg/l 
young Coho salmon: in artificial sea water at 8OC; mortality: 

30/30 at 50 ppm after 24 hrs 
2/30 (not significant) at 10 ppm after 24 up to 96 hrs 

-Mammals: 
ingestion: rat: single oral LDse: in the range of 3500 mg/kg 

(158) 

(317) 

(1546) 

ethylbutenoete see ethylbutyrate 

2-ethyl-I-butanol (3-methylolpentane; pseudohexylalcohol) 
CHsdH2(C3Hs)CHCH10H 
A. PROPERTIES: colorless liquid; m.w. 102.2; m.p. -5O’C; b.p. 150°C; v.p. 1.8 mm at 

2O’C: v.d. 3.54; sp.gr. 0.8328 at 20/20°C; solub. 4,300 mg/l at 20°C, 6,300 mg/l 
at 24°C; 

B. AIR POLLUTION FACTORS: 1 mg/cu m = 0.24 ppm, 1 ppm = 4.17 mg/cu m 
-Odor: characteristic: quality: musty, sweet 

hedonic tone: neutral 
T.O.C.: abs. pert. lim.: 0.07 ppm 

50% recogn.: 0.77 ppm 
100% recogn.: 0.77 ppm 
0.1. 100% recogn.: 1,701 

C. WATER POLLUTION FACTORS: 

-Waste water treatment: 

(19) 

A.C.: adsorbability: 0.17 g/g C; 85:5% reduction, infl.: 1,000 mg/l, effl.: 145 

-Rez!tion of amenities: T.O.C. = 0.2 mg/l 

(32) 
(299)(894) 

D. BIOLOGICAL EFFECTS: 

-Mammalia: rat: single oral LDs0: 1.85 g/kg 
inhalation: no deaths: sat. vap.: 8 hr (211) 

ethylbutyrate (ethylbutanoate) 
CHjCHzCHzCOOCzHs 

.> ~~... 11L IL.- n -930~; b.p. 12i°C;v.p. 11.3 mm 
1 mg/l at 2SaC A. PROPERTIES: COlOrleSS 1ky.m; m.w, ‘ 10.10, ,,I.~. _ _ 

at 2O’C; v.d. 4.00; sp.gr. 0.88 at 20/4’C; solub. 6,8OC 
B. AIR POLLUTION FACTORS: 1 mg/cu m = 0.193 prm 1 

-Odor: T.O.C.: 0.039 mg/cu m = 7.5 ppb 
detection: 0.28 mg/cu m 

\---, 
(840) ., 

Y..,, . ppm = 5.184 mg/cu m 
13071 

recognition: 0.13-0.23 mg/cu m 
0.1. at 20°C = 1,982,OOO 

C. WATER POLLUTION FACTORS: 

-Odor threshold: detection: 0.001 mg/kg 
. . ,  -_. .._ *__ ._^  ̂ l ---*. 

(610) 
(316) j 

lS89) : 

-waste water IrCalm=llk, 
ion exchange: adsorption on Amberlite X AD-2: 100% retention, infl.: I@ 

.-. 

A. PROPERTIES: colorless liquid; 
0.787 

c WATER POLLUTION FACTORS: 

-Biodegradation: 
incubation with natural flora ; 

merits of high-octane gas01 
I+ ,1OP I:..... * 

D. BIOLOGICAL EFFECTS: 

-Toxicity threshoId (cell II 
bacteria (Pseudomonas pl 
algae Wicrocystis aerugit, 
green algae (Scenedesmus 
Protozoa (Entosiphon SUI, 
ProtoZoa (Uronema pardlf 

ethylchloride (monochloroet~ 
CsH,CI 

&S: manufacture of TE 
alkylating agent; refrigeratio 

A. PROPERTIES: colorless liq u, 
457 mm at O’C, 700 mm : 
w.gr. 0.92 at 0/4Y; solui 
(calculated) 

B. AIR POLLUTION FACTORS: 1 
-Odor: characteristic; qualil 

threshold: 
-Manmade sources: 

recogni t 1 

glc’s in rural Washington DC 
C. WATER POLLUTION FACTORS 

-Waste water treatment: 
evaporation from water at 2 

50% after 21 min 
90% after 79 min 

D. BIOLOGICAL EFFECTS: 

-Mammalia: 
guinea pig: inhalation: hist, 

ppm, 540 min 
mmal: 1,000 ppm, 8 IO n 

-Man: after 30 set quickly ink 
weak analgesia after 12 min: 
s&ht symptoms of poisoning 

MhYlcyclohexane 

&es: organic synthesis 



(226)(243) 
1% soln) (211) 

24 hr 48 hr 
2.6 1.2 
5.5 2.2 (331) 

(226) 

it of silver sensitized films and 
(1828) 

J tical: 
79.9% recovery 
4.6% recovery 

0.167 
Ited) = 0.554 
D due to chemical oxidation. 
ically occur with substituted 
.stimated this demand to be 

effect 
inhibitory 
inhibitory 

lacclimakI S&em ’ I ,l,, ‘I I 
.I,, I 1 ozodegrauaule 

The compound proved to be strongly inhibitory to an unacclimated system at 
concentrations as low as 50 mg/l. Acclimation of the biomass to the compound 
eliminated any inhibitory effects. The data indicated biodegradation of 4- 
methylaminophenol sulfate proceeded at a moderate rate. (1828) 

D. BIOLOGICAL EFFECTS: 
-Algae: Selenustncm capricornutum: 0.1 mg/l: no effect 

1 .O mg/l: no effect 
10.0 mg/l: no effect 

-Crustacean: Daphnia magna: LCse : 0.019 mg/l 
-Fish: Pimephales promelas: LCss: 0.25 mg/l 

(1828) 
(1828) 
(1828) 

mathylamylalcohol (methylisobutylcarbinol; 4-methyl-2-pentanol; MIBC) 
(CHs)aCHCHaCHOHCHa 

Use: solvent for dyestuffs, oils, gums, resins, waxes, nitrocellulose and ethylcel- 
lulose; organic synthesis; froth flotation; brake fluids 

A. PROPERTIES: colorless liquid; m.w. 102.2; m.p. -9O’C; b.p. 132’C; v.p. 5 mm at I 

I 

2O”C, 13 mm at 33”C, 27 mm at 45°C; v.d. 3.52; spgr. 0.81 at 20/2O’C; solub. 
17 g/l at 2O’C; satconc. 25 g/cu m at 20°C, 45 g/cu m at 30°C 

8. AIRPOLLUTION FACTORS: 1 IT&U m = 0.239 ppm, 1 ppm = 4.17 mg/cu m 
-Odor: characteristic: quality: sweet, alcohol 

hedonic tone: unpleasant to pleasant 
absolute perception limit: 0.33 ppm 
50% recogn.: 0.52 ppm 

100% recogn.: 0.52 ppm 
0.1.: 12,634 (19) 

c. WATERPOLLUTIONFACTORS: 
-Oxidation parameters: BODs : 2.12 NEN 3235 5.4 

COD: 2.60 NEN 3235 5.3 (277) 
D. BIOLOGICALEFFECTS: 

-Fish: goldfish: LDse (24 hr): 360 mg/l modified ASTM D 1345 
-Mammalia: rat: single oral LDse : 2.59 g/kg 

inhalation: 5/6: 2,000 ppm, 8 hr 

methyl-n-amylketone see 2-heptanone 

(277) 

(211) 

Nmethylaniline 

CH3 

JJH 

Use: organic synthesis; solvent; acid acceptor 
A. PROPERTIES: yellow liquid; m.w. 107.15; m.p. -57OC; b.p. 195.7’C v.p. 0.3 mm 

at 20°C, 0.65 mm at 3O’C; v.d. 3.70; sp.gr. 0.986 at 20/4’C; sat. cont. 1.8 gjcu 
m at 20°C, 3.7 g/cu m at 3O’C; log Pact 1.66/l .82 

B. AIRPOLLUTION FACTORS: 1 mg/cu m = 0.23 ppm, 1 ppm = 4.45 mg/cu m 
-Odor threshold cont.: recognition: 6.9 - 8.6 mg/cu m (610) 



I 

734 1.HEXANETHIOL 

1 CHJ(CH&&N 
A. PROPERTIES: colorless liquid; m.w. 

at 20/4OC 
C. WATERPOLLUTIONFACTORS: 

-Waste water treatment: 
A.S.: after 6 hr: 1.5% of ThOD 

12 hr: 2.9% of ThOD 
24 hr: 5.1% of ThOD 

‘I ” ‘I ‘I ‘I I 

97.16; m.p: - 79.4’C; b.p. 163’C; spgr. 0.809 

(89) 

2.03 
a AIR POLLUTION FACTORS: 1 mg/cu m = 0.24 ppm, 1 ppm = 4.25 mg/cu m 

-Odor: characteristic: quality: sweet alcohol 
hedonic tone: pleasant 

odor thresholds mgicu r-n 

I-hexanethiol see prim-n-hexylmercaptan 

hexanoic acid see caproic acid 

n-hexanol (n-hexylalcohol; amylcarbinol) 
CH3(CH&CH20H 

Use: pharmaceuticals; solvent; plasticizer; intermediate for textile and leather 
finishing agent. 

A. PROPERTIES: colorless liquid; m.w. 102.2; m.p. -5 l/-44’C; b.p. 158’C; v.p. 0.98 
mm at 20°C; v.d. 3.52; spgr. 0.82 at 20/4’C; solub. 5,900 mg/l at 2O’C; log Pd 

detection 

recognition 
I 

not 
specified 

C. WATERPOLLUTIONFACTORS: 
-BODs: 28% of ThOD 
-COD: 94% of ThOD 
-KMn04: acid: 8% of ThOD; alkaline; 2% of ThOD 
-TOC: 100% of ThOD 

odor thresholds mglkg water 

~1 ” I 
,/,, ,,, 

1 
,.,,,, 
I 

-Waste water treatment: 
A.C.: adsorbability: 0.191 g/g C; ‘I 

W/l 
reverse osmosis: 47% rejection from 
anaerobic lagoon: lb COD/day/l ,OO( 

22 
48 

ion exchange: adsorption on amberli 
retention efficiency: 

NFG, BOD, 20°C, l-PO days observe 
acclimation: 365 + P: 5 

D. BIOLOGICALEFFECTS: 
-Toxicity threshold (cell multiplicatio 

bacteria (Pseudomonas pufidu): 
algae (Microcystis aeruginosa): 
green algae (Scenedesmus quadricaud 
protozoa (Entosiphon sulcatum): 
protozoa (Uronema parduczi Chatrot, 

kxanol (butylmethylcarbinol) 
CH,CHOH(CH&ZH, 
b PROPERTIES: colorless liquid; m.w. 

20/4OC 
h MRPOLLUTIONFACTORS: 

-Odor threshold cont.: detection: 50 
c WATERPOLLUTIONFACTORS: 

detection 

recognition 

not 
specified 

-A.S. after 6 hr: 3.4% of ThOD 
12 hr: 2.9% of ThOD 
24 hr: 3.7% of ThOD 

BIOLOGICALEFFECTS: 
-Toxicity threshold (cell multiplicatior 
bacteria (Pseudomonas putida): 
algae (Microcystis aeruginosu): 
green algae (Scenedesmus quadricaudt. 
protozoa (Entosiphon sulcatum): 
protozoa (Uronema parduczi Chatton 

Lhexanol (ethylpropylcarbinol) 
BjCHzCHOHCHICHzCH, 

PROPERTIES: colorless liquid; m.w. 10: 
WATERPOLLUTIONFACTORS: 
-Waste water treatment: 

A.S.: after 6 hr: 2.2% of ThOD 
12 hr: 2.4% of ThOD 
24 hr: 2.7% of ThOD 

BIOLOGICALEFFECTS: 
-Toxicity threshold (cell multiplicatiorl 

bacteria (Pseudomonas putidu): 



” “I “‘I “’ 1 “‘I 
1.w. 97.16im.p. -79.4’C; b.p. 163°C;sp.gr. 0.809 

)D 
)D 
ID 

(8% 

,aptan 

binol) 

)lasticizer; intermediate for textile and leather 

w. 102.2; m.p. -51/-44’C; b.p. 158’C; v.p. 0.98 
.82 at 20/4OC; solub. 5,900 mg/l at 2O’C; log P, 

LU m = 0.24 ppm, 1 ppm = 4.25 mg/cu m 
:weet alcohol 
me: pleasant 

rng/cll m 
10-J 10-2 10-l 1 10 10' 10' 

(307; 6 10; 627; 643; 676; 76 1; 787; 828) 

dine; 2% of ThOD 

mglkg water 

(326; 883; 888; 889; 894; 900) 

“ I  

‘1 #, ,  

-Waste water treatment: 
A.C.: adsorbability: 0.191 g/g C; 95.5% reduction, infl.: 1,000 mg/l, effl.: 45 

mg/l (32) 
reverse osmosis: 47% rejection from a 0.01 M solution (221) 
anaerobic lagoon: lb COD/day/l ,000 cu ft infi. mg/l effl. mg/l 

22 140 20 
48 140 30 (37) 

ion exchange: adsorption on amberlite X AD-2: infl.: 200 ppm 
retention efficiency: 85% effl.: 30 ppm (40) 

NFG, BOD, 20°C, l-10 days observed, feed: 200-l ,000 mg/l 
acclimation: 365 + P: 57% removed (93) 

D. BIOLOGICAL EFFECTS: 

-Toxicity threshold (cell multiplication inhibition test): 
bacteria (Pseudomonas pufida): 62 mg/l 
algae (Microcystis aeruginosu): 12 mg/l 
green algae (Scenedesmus quadricauda): 30 mg/l 
protozoa (Entosiphon sulcatum): 75 mgll 
protozoa (Uronema parduczi Chatton-Lwoff): 93 mg/l 

2-hexanol (butylmethylcarbinol) 
CHsCHOH(CHa)sCHs 

(1900) 
(32% 

(1900) 
(1900) 
(1901) 

A. PROPERTIES: colorless liquid; m.w. 162.17; m.p. 136/140°C; spgr. 0.809 at 
20/4OC 

8. AIR POLLUTION FACTORS: 

-Odor threshold cont.: detection: 50 mg/cu m (643 
C. WATER POLLUTION FACTORS: 

-A.S. after 6 hr: 3.4% of ThOD 
12 hr: 2.9% of ThOD 
24 hr: 3.7% of ThOD 

D. BIOLOGICAL EFFECTS: 

038) 

-Toxicity threshold (cell multiplication inhibition test): 
bacteria (Pseudomonas pu tidu): 63 mg/l 
algae (Microcystis ueruginosa): 32 mg/l 
green algae (Scenedesmus quudrfcuudu): 72 mg/l 
protozoa (Entosiphon sulcatum): 116 mg/l 
protozoa (Uronema parduczi Chutton-Lwoff ): 335 mg/l 

3-hexanol (ethylpropylcarbinol) 
CHaCHsCHOHCH2CHsCHs 

(1900) 
(32% 

(1900) 
(1900) 
(1901) 

A. PROPERTIES: colorless liquid; m.w. 102.17; b.p. 135’C; spgr. 0.8 188 at 20/4OC! 
C. WATER POLLUTION FACTORS: 

-Waste water treatment: 
A.S.: after 6 hr: 2.2% of ThOD 

12 hr: 2.4% of ThOD 
24 hr: 2.7% of ThOD 

D. BIOLOGICAL EFFECTS: 

G38) 

-Toxicity threshold (cell multiplication inhibition test): 
bacteria (Pseudomonas putida): 105 mg/l 

I 
(1900) 

.,_,, ,, 
I I “‘I 



nheptanoic ecid see enanthic acid 

l-heptanol (n-heptylalcohol) 
CHs(CHa)sCHaOH 
A. PROPERTIES: colorless liquid; m.w. 116.20; m.p. -34’C; b.p. 176’C; v.p. 1 I 

42OC; v.d. 4.03; sp.gr. 0.82 at 20/4’C; solub. 900 mg/l at 18’C, 2,000 s# 20°C, 2,800 mg/l at 100°C; log Poet 2.4 1 (calculated) 2: 

B. AIR POLLUTION FACTORS: 1 mg/cu m = 0.2 1 ppm, 1 ppm = 4.83 mg/cu m ,;: 
odor thresholds mglcu m “i 

1n-’ llr6 11T5 10-4 10-3 10-z 10-l 1 10 102 101 

0.1. at 20°C = 23,100 

(307;610;634;739;780;787;824;825 

C. WATERPOLLUTIONFACTORS: 
-BODs : 30% of ThOD 
-COD 92% of ThOD 
-KMnOa value: acid: 7% of ThOD, alkaline: 2% of ThOD 
-Waste water treatment: 

AS.: after 6 hr: 7.9% of ThOD 
12 hr: 20.4% of ThOD 
24 hr: 28.9% of ThOD 

reverse osmosis: 52% rejection from a 0.0 1 M solution 
D. BIOLOGICALEFFECTS: 

-Toxicity threshold (cell multiplication inhibition test): 
bacteria (Pseudomonas putida): 67 mg/l 
algae (Microcystis aeruginosa): 3.5 mg/l 
green algae (Scenedesmus quadricauda): 17 mg/l 
protozoa (Entosiphon sulcatum): 31 mg/l 
protozoa (Uronema parduczi Chatton-Lwofn: 17 mg/l 
mexican axolotl(3-4 w after hatching): 48 hr LCse : 52 mg/l 
clawed toad (3-4 w after hatching): 48 hr L&e: 44 mg/l 

Zheptanone (namylmethylketone; methyl-n-amylketone) 
CHsCOCsHr, 
A. PROPERTIES: colorless liquid; m.w. 114.18; m.p. -35/;27’C; b.p. 1 

2.6 mm at 20°C; v.d. 3.94; sp.gr. 0.82 at lS/4’C; solub. 4,300 mg/l; I 
6.8 g/cu m at 20°C, 13 g/cu m at 30°C 

‘1.. 

B. AIR POLLUTION FACTORS: 1 mg/cu m = 0.2 14 ppm, 1 ppm = 4.66 mg/ar I‘ 

holds I 

’ 0.1. at 20°C = 171,000 
ATER POLLUTION FACTORS: 
Waste water treatment: 
NFG, BOD, 20°C, l-10 days obsel 

365 + P: 17% removed 
BODre : 0.50 std. dil. sew. 
Odor threshold: detection: 0.14 mg/kP 

recognition: 3.0 mg/k! 
OLOGICALEFFECTS: 
Mammals: 

E. 

Iuinea pig: inhalation: irritation of the 
death: 4,800 ppm after a fc 

bnOlla (butylethylketone) 
CWH, )J CHs 

&ROPERTIES: colorless liquid; m.w. 114 
b 1.4 mm at 2S’C;v.d. 3.93: spgr. 0.818 , 

tPOLLUTION FACTORS: I mg/cu m = ( 
hATERpOLLUTION FACTORS: 
PWaste water treatment: 
6 AS.: after 6 hr: 1.2% of ThOD 

12 hr: 2.1% of ThOD 
24 hr: 3.7% of ThOD 

dor threshold: detection: 0.0075 mg/k! 
'LOGICALEFFECTS: 
‘ammals: 
t: single oral LDse : 2.79 g/kg 

inhalation: no deaths: 2,000 ppm, 
k deaths: 4.000 ppm, 

IIMXM (dipropylketone; butyrone) 
p)z co 
MPERTIES: colorless liquid; m.w. 114. I 
+rn at 25’C; v.d. 3.9; sp.gr. 0.8 17 at 201~ 

POLLUTION FACTORS: 1 mg/cu m = 0. 
bTER POLLUTION FACTORS: 

-‘ater treatment: 



‘1 I 
&jr thresholds 

- - - . 
1 I I ‘1 1 “I “’ 

mglcu m 

recognitioc 

01 
specified 

0.1. at 20°C = 17 1,000 
C,WATERPOLLUTIONFACTORS: 

-Waste water treatment: 

(307; 772; 822; 842) 
(316) 4.83 mg/cu m 

NFG, BOD, 20°C, l-10 days observed, feed: IOO-1,000 mg/l, acclimation: 
365 t P: 17% removed (93) 

-BODia: 0.50 std. dil. sew. (256) 
-Odor threshold: detection: 0.14 mg/kg (882) 

recognition: 3.0 mg/kg (914) 
D. BIOLOGICAL EFFECTS: 

-Mammals: 
guinea pig: inhalation: irritation of the mucous membrane: 1,500 ppm I-. _. death: 4,800 ppm after a few exposures (2111 

&heptanone (butylethylketone) 
C~HSCWHZ)JCH~ 
h PROPERTIES: colorless liquid; m.w. 114.18; m.p. -37/-39’C; b.p. 148.5’C; v.p. 

I .4 mm at 25°C; v.d. 3.93; sp.gr. 0.8 18 at 20/4’C; solub. 14,300 mg/l at 2O’C 
a AIR POLLUTION FACTORS: 1 mg/cu m = 0.2 14 ppm, 1 ppm = 4.66 mg/cu m 
C.WATERPOLLUTION FACTORS: 

-Waste water treatment: 

(1900). 
(19011 

AS.: after 6 hr: 1.2% of ThOD 
12 hr: 2.1% of ThOD 
24 hr: 3.7% of ThOD 

-Odor threshold: detection: 0.0075 mg/kg 
0. BIOLOGICALEFFECTS: 

-Mammals: 
rat: single oral LDse : 2.79 g/kg 

inhalation: no deaths: 2,000 ppm, 4 hr 

(88) 
(89% 

. -I 
41 
:/I (1823) 

‘C; b.p. 150°C; v.p. 
1,300 mg/l; sat. cont. 

4.66 mg/cu m 

deaths: 4,000 ppm, 4 hr 

Cheptanone (dipropylketone; butyrone) 

(211) 

GH7)2CO 

A. PROPERTIES: colorless liquid; m.w. 114.18; m.p. -32.6’C; b.p. 143’C; v.p. 1.2 
mm at 25’C; v.d. 3.9; sp.gr. 0.8 17 at 20/4OC 

B. AIRPOLLUTION FACTORS: 1 mg/cu m = 0.2 14 ppm, 1 ppm = 4.66 mg/cu m 
c. WATERPOLLUTION FACTORS: 

-Waste water treatment: 



932 n-OCTANE 

I n-octane 
CH3tCHdriCH3 

Manufacturing source: petroleum refining. (347) 
Users and formulation: organic synthesis; solvent; rubber industry; paper process- 
ing ind. (347) 
Nafural sources (wafer and air): constituent in paraffin fraction of petroleum. 

(347) 
A. PROPERTIES: m.w. 114.23; m.p. -56.5’C; b.p. 125.7’C; v.p. 11 mm at 2O’C; 18 

mm at 3O’C; v.d. 3.93; sp.gr. 0.70 at 25/4OC; solub. 0.66 mg/l at 20°C (242) 
in distilled water: 0.7 mg/l at 20°C W-9 
in salt water: 2.5 mg/l at 2O’C; 
sat. cont. 62 g/cu m at 20°C, 108 g/cu m at 30°C 

B. AIR POLLUTION FACTORS: 1 mg/cu m = 0.21 ppm, 1 ppm = 4.75 mg/cu m 
odor thresholds mglcu m 

detection 

10-7 10-e 10-e 10-4 lo-’ 10-a 10-l 1 10 102 103 104 

recognition 

not 
specified 

0.1. at 20°C = 100 
C. WATER PPLLUTION FACTORS: 

(73: 210; 278; 307; 708; 737; 749) 
(316) 

-BODi$ f: 2.33 in seawater/inoculum: enrichment cultures of hydrocarbon 
oxidizing bacteria (521) 

-ThOD: 3.50 
-Biodegradation: 

incubation with natural flora in the groundwater-in presence of the other com- 
ponents of high-octane gasoline (100 pi/l): biodegradation: 54% after 192 hr 
at 13’C (initial cont. 0.34 /A/l) (956) 

-Reduction of amenities: T.O.C. = 10 mg/l (299 
-Control methods: calculated half life time based on evaporative loss for a water 

depth of 1 m at 25’C: 5.55 hr; 0.124 m/hr (330) 
rotating disk contact aerator: infl. 214.6 mg/l, effl. 0.3 mg/l; elimination: >99% 

or 17,687 mg/m2/24 hr or 4,776 g/m”/24 hr (406) 
D. BIOLOGICAL EFFECTS: 

-Fish: young Coho salmon: no significant mortalities up to’ 100 ppm, in artificial 
sea water after 96 hrs at 8’C (317) 

-Mammalia: mice: inhalation: 
narcosis: 6,600-l 3,700 ppm, 30-90 min 
no deaths or convulsions: 13,700 ppm (211) 

octane dioic acid see suberic acid 

octanethiol see octylmercaptan 

octanoic acid see caprylic acid 

l-octanol (heptylcarbinol) 
CWX&OH 
A. PROPERTIES: colorless liquid; m.w. 1 I 

54OC; v.d. 4.48; spgr. 0.824 at 2014’ 
B. AIR POLLUTION FACTORS: 1 mg/cu m 

odor thresholds 

detection 

recognition 

not 
specified 

0.1.: at 20°C = 33,000 
(3( 

C. WATER POLLUTION FACTORS: 

-Oxidation parameters: 
BODs: 38% ThOD 

1.088 
1.1 std. dil. 
3 3% ThOD 

BOD::: 1.45 in seawater/inoculum: , 
ing bacteria 

COD: 98% ThOD 
82% ThOD (0.05 n K2CrZ07 j 

KMnO, value: 0.110 
acid: 6% ThOD 
alkaline: 1% ThOD 

ThOD: 2.95 
-Reduction of amenities: T.O.C. = 0.13 

taste and odor threshold: (tentative): 1 
range: 0.008 

T.O.C. in water: 0.13 ppm 
-Waste water treatment: reverse osmosi? 

D. BIOLOGICAL EFFECTS: 

-Toxicity threshold (cell multiplication i 
bacteria (Pseudomonas putida): 
algae (Microcystis aeruginosa): 
green algae (Scenedesmus quadricauda): 
protozoa (Entosiphon sulcatum): 
protozoa (Uronema parduczi Chatton-L 

-Fish: sea lamprey: no effect at 5 mg/I, 

hctanol (methylhexylcarbinol, caprylalcol 
CHsCHOH(CH,)sCH3 



m refining. (347) 
synthesis; solvent; rubber industry; paper process- 

(347) 
constituent in paraffin fraction of petroleum. 

(347) 
p. -56.5’C; b.p. 125.7’C; v.p. 11 mm at 2O’C; 18 
J.70 at 25/4”C; solub. 0.66 mg/l at 20°C (242) 
2o”c (228) 
JO?; 
IO8 g/cu m at 30°C 
i~/cu m = 0.21 ppm, 1 ppm = 4.75 mg/cu m 

mgtcu m 

’ 10-J 10-a 10-l 1 10 102 103 104 

(73; 210; 278; 307; 708; 737; 749) 
(316) 

Iinoculum: enrichment cultures of hydrocarbon 
I (521) 

in the groundwater-in presence of the other com- 
Jine (100 pi/l): biodegradation: 54% after 192 hr 
!/l) (956) 
” = lOmg/l .,. (295) 
half life time based on evaporative loss for a water 
hr; 0.124 m/hr (330) 
infl. 214.6 mg/l, effl. 0.3 mg/l; elimination: >YY% 

.776 g/m’/24 hr (406) 

0 significant mortalities up to 100 ppm, in artificial 
(317) 

30-90 min 
700 ppm (211) 

I ‘II I “’ 1 
,’ ‘1 

1 I I 
Soctanol (heptylcarbinol) 

I 

CWCH2WH 
h PROPERTIES: colorless liquid; m-w. 130.23; m.p. - 17OC; b.p. 195’C;v.p. 1 mm at 

54’C; v-d. 4.48; sp.gr. 0.824 at 20/4OC; solub. 300 mg/l at 2O’C; log POd 3.15 
B. AIR POLLUTION FACTORS: 1 mg/cu m = 0.19 ppm, 1 ppm = 5.4 1 mg/cu m 

odor thresholds m&u m 

lo-’ 10-b 10-s II-J-’ 10-3 10-Z to- 1 10 16 103 10’ 

detection 

recognition 

not 
specified 

0.1.: at 20°C = 33,000 
C. WATERPOLLUTIONFACTORS: 

(307; 610; 627; 663; 761; 786; 787; 795; 827) 

\ -Oxidation parameters: 
BODs: 38% ThOD (274) 

1.088 (30) 
1.1 std. dil. (27) 
33% ThOD (220) 

BOD;:: 1.45 in seawater/inoculum: enrichment cultures of hydrocarbon oxidiz- 
ing bacteria (521) 

COD : 98% ThOD (220) 
82% ThOD (0.05 n KaCrs07) (274) 

KMn04 value: 0.110 (30) 
acid: 6% ThOD 
alkaline: 1% ThOD cm) 

ThOD: 2.95 (30) 
-Reduction of amenities: T.O.C. = 0.13 mg/l (294) 

taste and odor threshold: (tentative): 0.13 mg/l (27) 
range: 0.0087-0.56 mg/l (30) 

T.O.C. in water: 0.13 ppm (326) 
-Waste water treatment: reverse osmosis: 68% rejection from a 0.01 M solution 

(221) 
D. BIOLOGICALEFFECTS: 

-Toxicity threshold (cell multiplication inhibition test): 
bacteria (Pseudomonas putida): >50 mg/l (1900) 
algae (Microcystis aeruginosn): 1 .Y mg/l (32% 
green algae (Scenedesmus quadricuud~): 6.3 mg/l (1900) 
protozoa (Entosiphon sulcatum): 44 mg/l (1900) 
protozoa (Uronema parduczi Chatton-Lwoff ): 23 mg/l (1901) 

-Fish: sea lamprey: no effect at 5 mg/l, 24 hr (30) 

2-octanol (methylhexylcarbinol, caprylalcohol) 
CHsCHOH(CH2)sCHs 

I 
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Serial No. SV 

SITE VISITOR LOG SHEET 

REPRESENTING 



- 

- 

FLOW RATE DATA 
Page - of 

Project Name: Project No.: 

Well: Meter: 



- 

- 

- 

P 

- 

PAGE of 

WATER LEVEL DATA 

PROJECT NAME: PROJECT NO.: 

WATER LEVEL INSTRUMENT: 

Note: 
1. All water-level measurements listed are assumed to be indicative of static water-level conditions. If there is a possibility of 

any water level being influenced by development, purging, InJection, etc., this should be noted as a comment. 

2. When electric water tapes are used to measure the total depth of a well, the distance from the bottom of the probe to where 
the probe is able to detect water should be added to the total depth measurement. 

l Total depth, weather conditions, previous purging, Injection, etc. 



Page - of 

WATER QUALITY DATA 

PROJECT NAME: 
-WATl% QUALll-Y INSTRUMENT: 

PROJECT NO.: 

I 

i 

Note: Water quality readings listed ape assumed to be final water quality readings obtained at the end of developtnent/ 
re-devebment, al he he of ground-water sampling, or at any other time he well was sufficiently purged. 



.- 

PROJECT NO.: 

DATE: 

SAMPLE SHIPMENT CONTROL CHECKLIST 

Are all sample labels properly completed? 

Are all Sample Control Logs properly completed? 

- Are. all COCs properly completed? 

Are all duplicates, replicates, equipment blanks, and trip blanks recorded on 

- the Sample Control Logs and the COCs? 

Is a trip blank included with the sample shipment? 

Have samples been checked against the Sample Contro Log and the COC? 

Are analyses specified on COCs? 

_ Are analysis turnaround times specified on COCs? 

Has courier signed COCs? 

Are COCs packaged with samples? 

- Have copies of the COCs been retained for the project file? 

_ Are the samples properly preserved? 

Is the shipping container properly sealed with custody seals? 
- 

Is the airbill properly completed? 

Yes 

0 

0 

q 

q 

cl 

cl 

q 

cl 

cl 

q 

q 

cl 

q 

q . 
- Has a copy of the airbill and/or courier receipt been retained for the project file? q 

Is the delivery data specified (particularly if weekend delivery is required)? 0 

Is the address for the laboratory correct? q 

Has the laboratory been notified of a weekend delivery? 0 

No 

I7 

q 

Cl 

Signature: 



‘I’ 1 ‘I ‘1 ‘I ‘1 
BA[--;‘LE ““-NT;-‘“L L,-“‘-, . “‘, ,’ I , ,,) 1 u 

-- -- 

SAMPLE MEDIA = 01 - SURFACE WATER, 02 - POND BOTTOM WATER, 03 - POND BOTTOM SLUDGE 

04 - SOIL, UNDERLYING SOIL, 05 - SURFACE WASTE, 06 - GROUND WATER, 

07 - TANK WASTE, 08 - TRIP BIANK, 09 - FIELD BLANK. 
REPLICATE/ 

FIELD SAMPLE NO. LAB I.D. 
SAMPLER’S DATE TIME SAMPLE DUPLICATE CORRESPONDING p;iy;7 

INITIALS COLLECTED COLLECTED MEDIA SAMPLE? FIELD SAMPLE NO. 
COMMENTS 

MN) WN) 

CTRL-LOG.XLS ctrl log 



lCompany Name: lProject Name: 

Address: Billing Address ( H different): 

city: State: Zip Code: 

Telephone: FAX #: P.O. #: . . . ,. 

ReporVTo: Sampler: 

Turnaround Tim8: Ci 10 Working Days 0 4 Working Days Cl 24 Hours 

0 7 Working Days Cl 3 Working Days Q 2 - 8 Hours 

1. 

2. 

3. 
: 

4. 

5. 

6. 

7. 

8. 

9. 

Relinqulshed By: Date: 

ReMquished By: Date: 

Relinquished By: Date: 

Time: 

Time: 

Time: 

Received By: 

Recefved By* 

Recetved By: 

Date; 

Date: 

Date: 

Time: 

Time: 

Time: 

&nples Received in Go,ocl Condition? P Yes 0 No 
SampkS Pr8-Pres8w8d? Cl Y8S 0 No 0 N/A 

Samples Cold? 0 yes 0 No ’ ,_ Met)7t,of SI?!pment Page - of - 
Custody Seal Intact? Q Yes Cl No Q N/A 

.< a, 



- -  

Page of 

WELL FLUID PRODUCTION/INJECTION LOG 

Project No. 
Site 

Client 



Conversation Record 

Call to: 

Date: 

Subject: 

Call from: 

Project Name and Number: 

Conversation: 



Page - of 

PHOTOGRAPH LOG 

Date: Time: I 

Roll No.: I Photograph No.: 

Photographer: 

Location: 

Subject 

Distance/Direction: 

Purpose: 

Reference Point: 

Remarks: 

Date: 

Roll No.: 

Photographer: 

Location: 

Subject: 

Distance/Direction: 

Purpose: 

Reference Point: 

Remarks: 

Time: 

Photograph No.: 

- - 
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