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Ab s tract 

Certain ethers may have potential for reducing the emissions from diesel engines. A project 
was initiated to evaluate candidate ethers' for their solubility in water and other environmental 
characteristics. The concern is that the candidate ether does not pose a similar contamination 
problem to that shown by methyl tert-butyl ether (MTBE). MTBE has been shown to cause 
contamination as a result of its high solubility in water, its high volatility, and its subsequent 
pungent taste in drinking water. 

The tests described in this report include: water solubility, aquatic toidcity and degradation 
potential. These test results will allow ethers to be screened as potential fuel additives. 

In summary, 10 ethers were tested for solubility and 8 for aquatic tœdcity and biological 
oxygen demand. The results show that properties, toxicity, and degradation of the ethers vary 
widely. The solubility of the ethers correlates strongly with the structure of the ethers - di and 
tri-ethers are very soluble and any methyl ether also has high solubility. The biological oxygen 
demand (BOD) of all the ethers tested is very low, indicating a very low breakdown with 
typical bacterial cultures. The aquatic tœdcity of the ethers varies and correlates inversely 
with the solubility-. The higher the solubility, the lower the toxicity. 

A database of the properties of many different potential ethers was developed and is 
provided iri the Appendix of this report. 



iv 

Résumé 

Certains éthers peuvent offrir des possibilités intéressantes pour réduire les émissions des 
moteurs Diesel. Un projet a été lancé polir évaluer des éthers que l'on pourrait ainsi utiliser 
pour leur hydrosolubilité et d'autres caractéristiques environnementales. On souhaite que 
chacun de ces éthers ne pose pas de problème de contamination semblable à celui du 
méthyltertiobutyléther (MTBE). Ce dernier s'est révélé contaminer l'eau en raison de son 
hydrosolubilité et de sa volatilité élevées et de la saveur irritante qu'il confère ensuite à l'eau 
potable. 

Les essais décrits dans le rapport incluent : la solubilité dans l'eau, la toxicité pour les 
organismes aquatiques et le potentiel de dégradation. Les résultats de ces essais permettront 
de sélectionner des éthers qui pourront servir d'additifs aux carburants. 

En résumé, 10 éthers ont été examinés pour leur solubilité et 8 pour leur toxicité pour les 
organismes aquatiques et leur demande biologique d'oxygène (DBO). Les résultats montrent 
que les propriétés, la toxicité et la dégradation des éthers varient considérablement. La 
solubilité des éthers est fortement corrélée à leur structure — les di- et triéthers sont très 
solubles, et tous les éthers méthyliques possèdent également une grande solubilité. La DBO 
de tous les éthers examinés est très faible, signe d'une très faible dégradation dans les cultures 
bactériennes typiques. La toxicité des éthers pour les organismes aquatiques est variable et est 
inversement proportionnelle à la solubilité. 

On a construit une base de données des propriétés de beaucoup d'éthers susceptibles d'être 
employés. On la reproduit dans l'annexe du rapport. 
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1 Introduction 

Concern about diesel particulate emissions has been ongoing for the past two decades. A 
number of agencies have shown that adding ethers to diesel engines can reduce these 
particulates (Naegeli et al., 2001). The exact mechanism is not known and is in fact puzzling 
since diesel engines have an excess of oxygen for combustion (about 7:1). Despite this, there 
are several studies that show a decrease in particulate emissions as well as in other emissions 
when ethers are added, while sometimes  NOx  emissions increase. Other studies show only 
moderate improvements (Noseworthy and Graham, 1999). Other authors have suggested 
that the differences arise because of the structure of the oxygenate and some suggest that 
they arise because of differences in structure of the ethers or perhaps the type of diesel 
engine (Naegeli et al., 2001). 

Ethers have long been found to improve combustion in gasoline engines. MTBE has been 
used for several years to improve the performance of gasoline engines (Powers et al., 2001, 
Johnson et al., 1999). MTBE is very soluble in water and leaches out of the gasoline into 
groundwater very rapidly. It then poses a taste problem and concern about other potential 
effects to the users of the groundwater. 

For these reasons, MTBE is being phased out due to problems with groundwater 
contamination. The major problems with MTBE are its water solubility, its volatility which 
enables it to move through the soil pores, and its pungent odour and taste. Because of -these 
concerns, this study is focussed on screening potential diesel ethers for a variety of 
acceptability criteria: solubility, aquatic toxicity, and degradation potential. 
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2 	Solubility Measurement Methods 

A survey of the literature revealed two major methods for preparing aqueous solutions of 
sparingly soluble compounds in.cluding: the generator-column method and the water-
accommodated fraction (WAF) method (Blenkinsopp et al., 1996, 1997). The generator-
column method works very well in conjunction with high-pressure liquid chromatography 
(HpLq analysis, the most common detector for which is ultraviolet fluorescence. The 
generator column method was therefore dropped from consideration because of the limited 
fluorescence of ethers, in conjunction with its higher equipment costs. The WAF preparation 
of Blenldn.sopp et al.,  1996, 1997 was adopted as the basis of the analytical method to be 
developed over the course of this project. 

Several classic studies have been conducted on solubility methodology. Billington et al. 
(1988) review various methods of solubility studies and conclude that a generator colutrin is 
best for sparingly soluble compounds. Coyle et al. (1997) describe the use of a generator 
column to conduct solubility-  studies on sparingly soluble compounds. The American 
Petroleum Institute recommended the use of bulk equilibration method for oils in a method 
similar to that adopted here (API, 1985). Similar methods were also used to measure the 
partitioning of gasoline into water (Cline et al., 1991). The OECD (1981) method describes 
both methods for preparing fractions. 

The following experimental parameters were identified as concerns for this project: container 
choice, sample loading ratios, mhdrig energy, mixing duration, and extraction of the ethers 
from water for analysis by gas chromatography (GC). Blenkin.sopp et al.,  1996 found 
essentially no difference between glass and Teflon-lined containers. Similarly, they found that 
a 10:1, water:solute loading ratio was sufficient to ensure saturation of the aqueous phase in 
all cases. However, the appropriate mixing period, mixing energy, and extraction techniques 
required further  investigation in order to develop a protocol for repeatable analysis of the 
aqueous solubilities of petroleum ethers. 

2.1 Development of Solubility Method 
2.1.1 Materials and Instrumentation 
Four unbranched, symmetric monoethers were obtained from Sigma-Aldrich: dibutyl ether, 
dipentyl ether, dihexyl ether, and dioctyl ether. Two branched monoethers were also ordered: 
tert-pentyl methyl ether and isobornyl methyl ether. All were reagent grade or better, 97% to 
99.3% pure. Samples of four m.ulti-oxygen ethers were provided by the project sponsor: two 
diethers, dirnethoxy hexane and diethoxy butane; and two tri-ethers, 2-methoxyethyl eth.er 
and 2-ethoxyethyl ether (Table 1). 

All chromatography was performed on an HP 5890 FID with a splitless injector (50°C), 
through a DB5 column, 0.35 i.tm ID, 0.25 1...tm film thickness, using helium as a carrier gas at 
a flow rate of 2.5 mL/minute. A flame ionization detector (FID) was used to detect the 
analytes. The oven temperature program used was: hold at an initial temperature of 50°C for 
2 minutes, followed by a rise of 6°C/minute to a final temperature of 230°C, then held for a 
final 8 minutes for a total run time of 40 minutes. 



Aqueous Solubilities of the Target Paraffinic Ethers Table 1 

Ether Molecular 
Formula 

Molecular 	Molecular 
Structure 	Mass 

Solubility 
(p.g/mL) 

186 

242 

tert-pentyl methyl 
ether 

isobornyl methyl 
ether •  

C6H140  

C1 1  H20 
o 

102 	4600 ±1000 (n=4) 

168 	23 

3 

dibutyl ether 

dipentyl ether 

dihexyl ether 

dioctyl ether 

C811180 

C101122 
o  
C12H26 
0 

C16H34 o  

[CH3(CH2)4120  

[cH3(0-12)5]20 

pH3(cH2)6]20 

[cH3(cH2) al 20 

130 	130 ±30 (n=4) 

158 	8 

< 5b  

< 5b  

1,4-diethoxybutane 

1,6-dirriethoxyhexane 

C8F1180 C2H5-0-(CH2)4-0-C2H5 
2 

C81-1180 	CH3-0-(CH2)6-0-CH3 

7700 ±600 (n=4) 

10000 ±2000 (n=4) 
2 

bis(2-methoxyeth.y1) 
ether 

bis(2-ethoxyethyl) 
ether 

C6F1140 
3 

C8H180  
3 

CF13-0-C2H4-0-C2114-0-  
CH3  

C2H5-0-C2H4-  0-. C2114-  
0- C 2H5  

134 	> 9 x 105  

162 	> 9 x 105  

a single measurement 
b  not detectable 

completely miscible 

2.1.2 Linearity Study 
Linearity studies were completed for all of the mono- and di-ether compounds. This 
consisted of triplicate injections of 5, 10, 25, 50, 100, 250, 500, 1000, and 5000 ppm 
solutions in dichloromethane. The FID response was found to be very linear in all cases; r2  
for all compounds was apprœdmately 0.997. The detection limit of dibutyl ether is estimated 
to be at least 1 pprn for the present instrument. A sample linearity study is shown in Figure 1 
for dibutyl ether. Note that error bars on Figure 1 represent 95% confidence limits as 
determined from the residuals of a linear least-squares regression of the data points. All 
points are shown  with  error bars, however, the error limits are only visible for the 5000 ppm 
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Figure 1 	Linearity Study for Dibutyl Ether 

2.1.3 Solubility Study 
As a screening test, a drop of each of the ten compounds was shaken with appro]dmately 
10 mL of water. For all the mono- and diethers tested, a clear phase separation was visible in 
the test flask, indicating limited aqueous solubility for those compounds. For the two 
triethers, however, no phase separation was observed. Both compounds, 2-methoxyethyl 
ether and 2-ethoxyethyl ether, were found to be completely miscible in water up to 90% 
ether:10% water. Further measurements of the solubilities of the two tri-ethers were not 
attempted. 

Saturated aqueous solutions of each of the six mono- and di-ether compounds were prepared 
using a procedure based on the water-accommodated fraction (WAF) method developed by 
Blenlçinsopp et al., 1996. To limit costs, 950-mL Septa-Jar wide-mouth glass botdes from 
Fisher Scientific (cat. # 05-719-469) were used. These are brown glass botdes with a large 
mouth that is approximately 3 cm in diameter. The botde caps have a bonded Teflon septum 
through which samples can be injected and withdrawn easily. 

To prepare a saturated solution, 900 mL of distilled, deionized water was measured into a jar, 
with a small, 1.5 cm stir-bar. The jar was capped and inverted. A syringe was then used to 
inject a 9-mL load of a single ether. The inverted jar was stirred at low energy, apprmdmately 
2-3 revolutions per second, for 24 hours at 20°C. 

After the solution was prepared, 100 mL of the aqueous phase was removed from the still- 

1000 



200 

150 H 
130 ppm 

100 H 

50 H 

5 

inverted jar by syringe, in two aliquots. The combined aliquots were -then extracted three 
times with 25 rriL of dichloromethane. The dichloromethane fraction was made up to 
100 mL, resulting in a 1:1 extraction. Small aliquots of this dichloromethane solution were 
used for injection into the GC/FID for determination of the ether concentration. 

2.2 Effects of Mixing Energy and Mixing Duration on Solubility 
Blenkinsopp et al, 1996, recommend examining mixing energy and duration for each new 
compound of interest. A simple test of various mixing energies showed that there was little 
difference between a slowly stirred solution (2-3 revolutions per second) with almost no 
visible vortex and a vigorously stirred jar (approximately 200 revolutions per second) with a 
vortex several centimetres long. To minimally disturb the solutions, the low-energy range was 
used in this procedure. Mixing duration was examined by preparing solutions of dibutyl ether 
with 12-, 24-, and 48-hour mhdng times. All three solutions were found to have the same 
concentration of dibutyl ether within experimental error. Results are shown in Figure 2. A 
24-hour mildng period was chosen for convenience. 

e"'".■ 

1-à 

• 

0 
C/D 

12 	 24 	 48 
Mixing Time (hours) 

Figure 2 	The Effect of Mixing Duration on the Aqueous Solubility of Dibutyl Ether 

2.3 	Solubility Results 
Table 1 surnmarizes the results of the solubility studies for all compounds tested. 

Solutions of 500 1.1,g/I, (ppm) in dichloromethane of each of the eight mono- and diethers in 
ESIll's possession were prepared and the retention times of each determined. Figure 3 
shows a representative chromatogram of a 500-ppm calibration standard of six ethers. It can 
be seen that all six are easily resolvable. Note that peaks for tert-pentyl methyl ether and 
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isobornyl methyl ether are not shown in Figure 3. Their retention times were 3.8 and 12.2 
minutes respectively. 
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Figure 3 	GC/FID Chromatogram of a 500-ppm Calibration Standard for Six 

Ethers 

After developing the an.alytical protocol, screening the compounds for aqueous miscibility, 
ensuring chromatographic separability, and calibrating the detector response, preliminary 
measurements of the aqueous solubilities of all six compounds were made. The unbranched 
mono ethers were found to have very low aqueous solubilities. The solubilities of the dihexyl 
and dioctyl ethers were not measurable by our procedure and were conservatively judged to 
be no greater than 5 ppm. The aqueous solubility of the dipentyl ether was found to be just 
above the detection limit of the method. Only the solubility of the dibutyl ether was judged 
to be determinable by the method developed in the current work. See Table 1 for the 
detailed solubility results. 

Of the branched single ether compo -unds, the tert-pentyl methyl ether was found to have a 
significant solubility in distilled water, however, the much larger isobornyl methyl ether was 
just above the detection limit for the method. See Table 1 for the single result for isobornyl 
methyl ether. 

Both of the diether products, the clibutyl ether and the tert-pentyl methyl ether, were foun.d to 
have sufficient aqueous solubility to warrant further measurement. A second round of 
triplicate solutions of each were prepared and averaged with the initial single measurements. 
The results for all four compounds are included in Table 1. Note that the values on the table 
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for these four compounds are the average of four measurements with a simple standard 
deviation given for error. 

It can be seen from Table 1 that there was some variability in the measurements. The 
standard deviations in the repeated measurements are approximately 20%, except for 1,4- 
diethoxybutane, which is 10%. The source of this large variability is unclear, but it is 
probably related to evaporation of standards and samples in the dichloromethane extracts 
prior to GC analysis. 

2.4 Prediction of Solubility from Available Data 
This study has produced limited data on the solubility of ethers. Since there are few data 
points and several different structural features among the ethers measured, it is difficult to 
achieve an accurate estimation. There are four symmetrical ethers and the solubility data 
from these was used to perform a simple prediction. The solubility data was correlated with 
the carbon number to yield an equation where solubility = -0.59 + 386000*e-#c. Figure 4 
shows the fit and the accompanying statistics. 
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Figure 4 Simple Prediction Scheme for Solubility of Aliphatic Ethers 

A more complex prediction scheme was attempted that also input the structural parameters. 
The model achieved is: 

Solubility = exp((7.39 + b*15 + c)/20) - 143 

where: b= 1.8*g 
c = number of oxygens 
g= e+f 
e = 2.5 x 106  x exp-(#c + #H/#c) 
#c= number of carbons in the structure 
#H = number of hydrogens 
f = 27.3 * Structure 
Structure = 1 if normal, 3.3 if tert, 1.4 if neobornyl 
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Table 2 shows the actual values and those predicted by the above formulation. 

Table 2 	 Predicted and Measured Solubility Values 

Name 	 Structure Measured Solubility 	Predicted 
(PPm) 

dibutyl ether 	 C8H180 	130 	 71 
dipentyl ether 	 C10H220 8 	 15 
dihexyl ether 	 C12H260 5 	 7 
dioctyl ether 	 C16H320 5 	 5 
tert-pentyl methyl ether 	C6H140 	4,600 	 4,357 
isobornyl methyl ether 	Cl 1H200 23 	 8 
1,4-diethoxybutane 	C8H1802 	7,700 	 3,161 
1,6-dimethoxyhexane 	C8H1802 	10,000 	 3,161 
bis(2-methoxyethyl) ether 	C6H1403 	550,000 	 34,013,346 
bis(2-ethoxyethyl) ether 	C8H1803 	500,000 	 8,143,659 

2.5 Alternative Prediction Scheme 
An alternative prediction scheme was developed using a multiple regression model maker 
from Oakdale Engineering. This program enables correlation of up to dozens of 
independent variables with a parameter. This model was applied and the following equation 
resulted: 

Solubility = exp(4.0*a - 0.65*b + 0.27*c + 1.3*cl + 0.13*e - 0.47) 

where: a = number of oxygens 
b = number of carbons 
c -= number of hydrogens 
d = Structure parameter -= 1 if normal, 3.3 if tert, 1.4 if neobornyl 
e -= symmetry factor = number of carbons more on one side of the oxygen 

The regression coefficient (r2) was 0.999. Table 3 shows the parameters and the predicted 
values. 
Table 3 	 Allternative Prediction Scheme 

Measured Solubility Predicted 
Name 	 Structure 	(PPm) 	Solubility Oxygens Carbons Hydrogens Structure Symmetry 
dibutyl ether 	 C8H180 	 130 	 132 	1 	8 	18 	1 	0 
dipentyl ether 	 C10H220 	 8 	 105 	1 	10 	22 	1 	0 
dihexyl ether 	 C12H260 	 5 	 83 	1 	12 	26 	1 	0 
dioctyl ether 	 C16H340 	 5 	 53 	1 	16 	34 	1 	0 
tert-pentyl methyl ether 	C6H140 	 4600 	 4440 	1 	6 	14 	3.3 	3 
isobornyl methyl ether 	Cil H200 	 23 	 69 	1 	11 	20 	1.4 	2 
1,4-diethoxybutane 	C8H1802 	7700 	 7401 	2 	8 	18 	1 	0 
1,6-dimethoxyhexane 	C8H1802 	10000 	 9600 	2 	8 	18 	1 	2 
bis(2-methoxyethyl) ether C6H1403 	550000 	523000 	3 	6 	14 	1 	0 
bis(2-ethoxyethyl) ether 	C8H1803 	500000 	474700 	3 	8 	18 	1 	1 

2.6 Comparison to Other Measures 
No reliable solubility data (e.g., specific values) could be found to compare these measured 
values. The typical sources of prediction equations (Lyman et al., 1990) do not contain 
information on prediction of solubility. 
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3 	Aquatic Toxicity and Degradation Potential 

Aquatic toxicity is an important facet of the environmental acceptability of any potential new 
ethers. MTBE, the classic case of an ether, did not have a high aquatic twdcity. The aquatic 
tœdcity of MTBE is given in Table 4 as a comparison to the diesel ethers measured here. 

Table 4 	 Summary of the Aquatic Toxicity of MTBE 
(Werner et al., 2001) 

Inverterbrates 	 mg/L 
Brachnionus calyciflorus 	LC50  (24 hours) 	 960 

Daphnia magna 	 LC50  (96 hours) 	 680 

Neomysis mercedis 	LC50  (96 hours) 	 240 

Mysidopsis bahia 	LC50  (96 hours) 	 140 

Amphibia 
Rana tempora  ria 	 LC50  (48 hours) 	 2,500 

Fish 
Pimephales promelas 	LC50  (96 hours) 	 710 

Lepomis macrochirus 	LC50  (96 hours) 	 1,050 

Albumus albumus 	LC50  (96 hours) 	 >1,000 

Onchoryhynchus mykiss LC 50  (96 hours) 	 890 

Onchoryhynchus mykiss LC 50  (96 hours) 	 1,200 

The concern about the issues of health and safety of diesel ethers also extends to the human 
health and safety (Murphy, 1999). 

Degradation of a substance in the environment is a concern. Unless a material can degrade, 
biologically or chemically, it may accumulate in the environment. On the other hand, the 
degradation products have a potential to be more tœdc than the starting compounds. 
There are several newly developed protocols for measuring biodegradation (ISO 1998-2000 
as referenced). 

The aquatic toxicity and degradation of the candidate ethers were measured by the 
Environment Canada Laboratory in Moncton, New Brunswick. 

3.1 Test Procedure for Rainbow Trout 
From October 25 to December 10, 2001, 96-hour static bioassays were started on the 
samples using fingerling rainbow trout. Testing was conducted according to the 
Environment Canada test method for rainbow trout (Environment Canada, 1990). 

Test solutions were prepared using various procedures depending on the solubility of the 
samples. Two samples, the `tri- ethers', were miscible with water and had solubilities 
exceeding 95%. For these samples, weighed quantities of the chemical were added directly to 
the test containers containing control/dilution water. For samples of moderate solubility, 
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stock solutions of the test chemical were prepared in distilled water and volumes of this 
stock were transferred to the test tanks. The 1,6 clirnethoxyhexane ether was analyzed in this 
manner. The remaining samples were not very soluble; a stock solution was prepared by 
weighing an appropriate amount of sample and adding to a blender with distilled water. This 
solution was blended at high speed for 1 minute before transfer to a volumetric flask. The 
blender was rinsed with additional distilled water and blended again for 15 seconds and this 
rinsate was transferred to the volumetric flask. The flask was then brought to the desired 
volume  with  additional distilled water. 

Twenty-litre volumes of the test concentrations were prepared for most samples in 
dechlorinated municipal -water frorn the City of Moncton. The same water was used for 
holding the rainbow trout. When not enough sample was available to perform 20-L tests, a 
sample volume of 10 L was used. All test solutions were pre-aerated for 30 minutes and 
initial water quality measurements were performed. Ten fish were randomly introduced into 
each test concentration. The tests were checked for mortalities frequently on the first day, 
then once a day thereafter until 96-hour termination. Any dead fish were removed when 
observed. Water quality measurements were performed daily. 

After 96-hours, any surviving fish were euthanized. The length (cm) and weight (g) of the 
control fish were measured and the loading density was calculated. The LC50, the 
concentration estimated to cause mortality in half the fish, was estimated and the 95% 
confidence limits determined from statistical analysis using Toxstat statistical software (West 
Inc., 1996). 

A reference toxicant test was conducted with phenol once a calendar month. Using the 
mortality data at each test concentration, the 96-hour LC50  (concentration calculated to cause 
50% mortality after 96-h exposure) was calculated using the methods of Stephan (1977). 
These values were entered into the control chart to ensure normal operating conditions were 
maintained and that the population of fish used in the test was of normal sensitivity. 

3.2 Test Procedure for Microtox 
From November 9 to November 20, 2001, 15-minute static bioassays were started on the 
samples using the luminescent bacteria Vibrio fischeri (previously known as Photo  bacterium 
phophoreum). Testing was conducted according to the Environment Canada test method for 
this bacteria (Environment Canada, 1992). 

This method exposes the bacteriurn to concentrations of the sample for 15 minutes. If toxic 
materials are present, they interfere with the cellular respiration of the organism. This 
interference is measured as a decrease in light output by the bacterium, Vibrio fischeri 

reviously Photobacterium phoehoreum). The IC50, the concentration that causes inhibition of 
light by 50%, is calculated using the Microtox Omni operating software. 

Freeze-dried bacterial reagent was reconstituted and held at 5 ± 0.5°C. A series of salinity-
adjusted concentrations of the test samples are prepared and acclimated to the test 
temperature of 15 ± 0.5°C. Stock solutions are prepared in a similar manner to those in the 
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rainbow trout tests. Stocks were prepared directly in volumetric flasks or blended and then 
transferred to a volumetric flask for final preparation. Dilutions of this stock are prepared in 
the test cuvettes as per the test procedure. Bacterial reagent is added to dilution water and an 
initial light reading recorded. Aliquots of the test concentrations are then added to these 
samples of dilution water. After 15 minutes, the light reading is again recorded. The IC50  is 
estimated from these light readings and 95% confidence limits are determined. The basic test 
format was used, which utilizes a top concentration of 45%. 

A reference tœdcant test was conducted with zinc sulphate for each batch of tests. The IC50  
calculated by the operating software was entered into the control chart to ensure that normal 
operating conditions were maintained and the population of bacteria used in the test was of 
normal sensitivity. 

3.3 BOD Measurement Procedure 
Based on the IC50 values derived from the Microtox tests, a series of three dilutions for each 
ether were prepared. These dilutions were equal to the IC50  value, 1/5 of the IC 50  value, and 
1/50 of the IC50  value. These concentrations were chosen to avoid tœdcity to the bacterial 
seed, which would give the false appearance of the test substance not being degradable. 
Preliminary BOD measurement of 1/5 of the IC50  value showed no  BOL)  activity at these 
concentrations. To determine if there was sufficient organic material for microbial activity, 
some samples were also measured for BOL)  activity at 1000 mg/L and the least tœdc sample 
at 100 mg/L. 

The method consists of filling to overflowing a 300-mL airtight bottle with sample and/or 
dilution and incubating for 5 days at 20°C. Dissolved oxygen (DO) is measured initially and 
after 5 days and the  BOL)  is computed from the difference between initial and final DO. The 
difference in the dissolved oxygen values represents the am.ount of oxygen used by micro-
organisms in breaking down organic material in the sample. 

The seed used for these tests was Polyseed BOD 5  Seed Inoculurn. It is a blend of specialized 
bacteria with a broad spectrum, which is formulated to degrade both municipal and industrial 
wastes. 

3.4 Results of Toxicity and BOD Testing 
The results are shown in Table 5. 

The toxicity results can be compared to those for MTBE in Table 4. The Onchoghynchus 
mykiss in Table 4 is rainbow trout. MTBE shows a toxicity of 890 to 1280 mg/L (96 hours 
LC50), whereas some of the ethers tested here show a much higher aquatic tmdcity. Only the 
%is ethers show a lower aquatic toxicity. 

The BOL)  is very low for all ethers tested here, ranging from 0.5 to 3.5 mg/L. This indicates 
a very low oxygen demand and a very low degradation potential with the culture used. 



Table 6 

Name 

1 	 8 
1 	10 
1 	 6 

10 	 1 	11 

970 
390 
5500 

18 	 1 
22 	 1 
14 	3.3 

20 	1.4 

18 	 1 
18 	 1 
14 	 1 

347 
170 
550 

1720 	3 	8 	18 	 1 

0 
0 
3 

2 

0 
2 
0 

1 

8 
8 
6 

2 
2 
3 

Table 5 

All values in mg/L 

Name 
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Results of Toxicity and BOD Testing 

Toxicity Results 
Microtox Rainbow Biological Oxygen 

Structure 	IC50 	Trout LC50 	Demand 
53.3 
7.7 
8.7 
7.2 
212 
95 

1,230 
335 

dibutyl ether 
dipentyl ether 
tert-pentyl methyl ether 
isobornyl methyl ether 
1,4-diethoxybutane 
1,6-dimethoxyhexane 
bis(2-methoxyethyl) ether 
bis(2-ethœwethyl) ether 

C8H180 
Cl OH220 
C6I-1140 
Cl 1H200 
C8H1802 
C8H1802 
C6H1403 
C8H1803 

56.6 
17.9 
566 
17.9 
1,000 
400 

5,660 
1,770 

0.7' 
1.5 
0.5 
0.6 
2.3 
1.5 
0.6 
3.5 

3.5 Development of Prediction Equations 
A prediction scheme for the aquatic toxicity to rainbow trout was developed using a multiple 
regression procedure, DataFit', from Oakdale Engineering. This model was applied and the 
following equation resulted: 

Rainbow trout toxicity (LC50 in mg/L) = exp(1.0*a - 1.2*b + 0.45*c + 0.49*d - 0.46*e + 
6.3) 

where: a = number of oxygens 
b = number of carbons 
c = number of hydrogens 
d = structure parameter = 1 if normal, 3.3 if tert, 1.4 if neobornyl 
e = symmetry factor = number of carbons more on one side of the oxygen 

The regression coefficient (r2) was 0.999. The actual and predicted values along with the 
input parameters are shown in Table 6. 

Prediction of Toxicity to Rainbow Trout 

Structure Rainbow Predicted 	Oxygens 	Carbons Hydrogens Structure Symmetry 
Trout LC50 LC50 (mg/L) 

• dibutyl ether 	C8H180 56.6 
dipentyl ether 	C1 0H220 17.9 
tert-pentyl methyl 	C6H140 566 
ether 
isobornyl methyl 	Cl 1H200 17.9 
ether 
1,4-diethoxybutane C8H1802 1000 
1,6-dimethoxyhexane C8H1802 400 
bis(2-methoxyethyl) C6H1403 5660 
ether 
bis(2-ethoxyethyl) 	C8H1803 1770 
ether 
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A prediction scheme for the aqua -tic tœdcity of Microtox was developed using a multiple 
regression procedure, 'DataFit', as noted above. This model was applied and the following 
equation resulted: 

Microtox tœdcity (LC50 in mg/L) --= exp(0.85*a - 0.75*b + 0.15*c - 0.88*d - 0.40*e + 7.8) 

where: a = number of oxygens 
b = number of carbons 
c = number of hydrogens 
d = structure parameter  = 1 if normal, 3.3 if tert, 1.4 if neobornyl 
e = symmetry factor = nurnber of carbons more on one side of the oxygen 

The regression coefficient (2) was 0.999. The actual and predicted values along with the 
input parameters are shown in Table 7. 
Table 7 	 Prediction of Microtox Toxicity 

Microtox 	Predicted 
Name 	 Structure 	1050 	1050 (mg/L) Oxygens Carbons Hydrogens Structure Symmetry 
dibutyl ether 	 C8F1180 	53.3 	100 	1 	8 	18 	1 	0 
dipentyl ether 	 C10H220 	7.7 	40 	1 	10 	22 	1 	0 
tert-pentyl methyl ether 	C6H140 	8.7 	10 	1 	6 	14 	3.3 	3 
isobornyl methyl ether 	Cl1H200 	7.2 	5 	1 	11 	20 	1.4 	2 
1,4-diethoxybutane 	C8H1802 	212 	260 	2 	8 	18 	1 	0 
1,6-dimethoxyhexane 	C8H1802 	95 	120 	2 	8 	18 	1 	2 
bis(2-methoxyethyl) ether 	C6H1403 	1230 	1660 	3 	6 	14 	1 	0 
bis(2-ethoxyethyl) ether 	C8H1803 	335 	450 	3 	8 	18 	1 	1 

A prediction scheme for biological oxygen demand (BOD) was developed using a multiple 
regression procedure, DataFit', as noted above. This model was applied and the following 
equation resulted: 

BOD ( in mg/L) = exp(0.85*a - 0.75*b + 0.15*c - 0.88*d - 0.40*e + 7.8) 

where: a -= number of oxygens 
b = number of carbons 
c = number of hydrogens 
d = Structure parameter = 1 if normal, 3.3 if tert, 1.4 if neobornyl 
e -= symmetry factor = number of carbons more on one side of the oxygen 

The regression coefficient (2) was 0.96. The actual and predicted values along with the 
input parameters axe shown in Table 8. 

All three of these prediction schemes yield values that correlate highly with the input 
values. 
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Table 8 	 Prediction of Biological Oxygen Demand 

BOO 	Predicted 
Name 	 Structure 	mg/L 	BOD (mg/L) Oxygens Carbons Hydrogens Structure Symmetry 
dibutyl ether 	 C8H180 	0.7 	- 1.3 	1 	8 	18 	1 	0 
dipentyl ether 	 C101-1220 	1.5 	7.5 	1 	10 	22. 	1 	0 
tert-pentyl methyl ether 	C6H140 	0.5 	 0 	1 	6 	14 . 	3.3 	3 
isobornyl methyl ether 	Cl 1H200 	0.6 	0.6 	1 	11 	20 	1.4 	2 
1,4diethoxybutane 	C8H1802 	2.3 	2.3 	2 	8 	18 	1 	0 
1,6-dimethoxyhexane 	C8H1802 	1.5 	1.5 	2 	8 	18 	1 	2 
bis(2-methoxyethyl) ether C6H1403 	0.6 	0.7 	3 	6 	14 	1 	0 
bis(2-ethoxyethyl) ether 	C8H1803 	3.5 	3.5 	3 	8 	18 	1 	1 

3.6 	Intercorrelation of Data 
The solubility, aquatic toidcity, and BOD data were cross-correlated to ascertai n  their 
interrelationship. The correlation matti.x is given in Table 9. The high correlation 
coefficients between aquatic toxicity to rainbow trout and Microtox indicate that these 
values are related directly and that one could be used as the predictor of the other value. 

Table 9 	 Cross-Correlation of Measured Parameters 

Microtox Rainbow 
IC50 	Trout LC50 BOD 	Solubility 

Microtox IC50 	 - 	 0.99 	none 	0.91 
Rainbow Trout LC50 	 - 	none 	0.92 
BOD 	 - 	0.19 
Solubility 	 - 

all values are correlation coefficients, r 2 ,  of the best fit curve 
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4 	Conclusions 

The solubility, aquatic tcodcity, and biologiçal oxygen demand (BOD) of several candidate 
ethers have been measured. These measurements are summarized in Table 10. These 
results show that properties, tœdcity, and degradation of the ethers vary widely. The 
solubility of the ethers correlates strongly with the structure of the ethers - di and tri-
ethers are very soluble and any methyl ether also has high solubility. The BOD of all  the 
ethers tested is very low indicating a very low breakdown with typical bacterial cultures. 
The aquatic todcity of the ethers varies and correlates inversely with the solubility. The 
higher the solubility, the lower the tœdcity. 

Table 10 	 Summary of Measurements on Selected Diesel Ethers 

Environmental Properties (mg/L) 

Name 
dibutyl ether 
dipentyl ether 
dihexyl ether 
dioctyl ether 
tert-pentyl methyl ether 
isobornyl methyl ether 
1,4-diethoxybutane 
1,6-dimethoxyhexane 
bis(2-methoxyethyl) ether 
bis(2-ethoxyethyl) ether 

Structure 
C8H180 
Cl 0H220 
Cl 2H260 
Cl6H340 
C6H140 
Cl1H200 
C8H1802 
C8H1802 
C6H1403 
C8H1803 

Microtox 
IC50 
53.3 
7.7 

8.7 
7.2 
212 
95 

1,230 
335 

Rainbow 
Trout LC50 

56.6 
17.9 

566 
17.9 

1,000 
400 

5,660 
1,770 

BOD 	Solubility 	(ppm) 
0.7 	 130 
1.5 8 

5 
5 

0.5 	 4,600 
0.6 	 23 
2.3 	 7,700 
1.5 	 10,000 
0.6 	 550,000 
3.5 	 500,000 
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142-96-1 	C8-H18-0 CH3(CH2)30(CH2)3CH3 

	

111-96-6 	C6-H14-03 	CH3(OCH2CH2)20CH3  

	

112-36-7 	C8-H18-02 	CH3CH2(OCH2CH2)20CH2CH3 

C10-H22-0 

C12-I-126-0 

C16-H34-0 

C6-1-114-0 

C11-H20-0 

C8-H18-02 
C8-H18-02 

CH3(CH2)40(CH2)4CH3 

CH3(CE12)50(CH2)5CH3 

CH3(CH2)70(CH2),CH 3 

 CH3C(CH,)2CH20CH3 

 isobomylOCH3  

693-65-2 

112-58-3 

629-82-3 

994:05-8 

5331-32-8 

2425-79-8 

141-28-6 

3775-85-7 

765-12-8 

C10-H18-04 

Cl 0-H18-04 

C10-H18-04 

C10-H18-04 

CH2[01CHCH20(CH2)40CH2CHIO1CH2  

C2HSO00(CH2)40C0C21-15  

CH2P1C[CH3ICH20CH2CH20CHAICH31[01CH 2 

 Chle.CH(OHCHC1-12)30CH=CH2  

4206-61-5 	C10-1-118-05 C1-12(01CHCH2(OHCHCH2)20CH2CH(01CH2 
10573-35-0 	C10-H20-0 

103-44-6 	C10-H20-0 

CH3CH[CH31(CH2)50CH=CH2  

C H3(C H2)3CH (C H 20 C EI=C 	H2C H3  

	

124-17-4 	C10-H20-04 CH3C[0](OCH2CH2)20(CH2)3CH3 

	

544-01-4 	C10-H22-0 	CH3CH[CH3ICH2CH20CH2CH2CH[CH3.1CH3 

	

693-65-2 	C10-H22-0 	'CH5(CH2)40(CF12)4CH3 

	

112-48-1 	C10-H22-02 CH3(CH2)30CH2CH20(CH2)3CH 3  

1559-35-9 	C10-H22-02 HOCH2CH20C1-12CH[CH2CH3)(CH 2)0H3  

C10-H22-03 HOC2H40C2 l40(C1-12)5CH3 112-59-4 

10143-56-3 	C10-H22-03 H 2OH(OCHCH2)2OCH2CNCH3](CH2)2CH3 

29911-28-2 	C10-H22-03 CH3CH[OHICH2OCHICH31CH2O(CH2)3CH3  

65000 mg/L(20), 
2-(2-butoxyethoxy)ethanol acetate 	204.3 31100 mg/L(25) 

158.28 200 mg/L (2$) 

245 	 -32.2 	.985(20/4) 
.(fl1(1214): 

172.5 	 .7777(20) dlisopentyl ether 

dipentyl ether 

1,2-dibutoxyethane 

2-(2-ethylhexoxy)ethanol 

206.32 

206.32 

206.32 

222.32 

misc. 

sol. 

misc. 

misc. 

278 

242.4 

243 

75.3 

Chemical Name 

butyl ether 

Pentyl ether 

dihexyl ether 

dioctyl ether 

methyl tert-pentyl ether 

isobomyl methyl ether 

1A-diethoxybutane 
1,6-dimethoxyhexane 

diethylene glycol dimethyl ether 

dlethylene glycol diethyl ether 

1 4-butane diglycidyl ether 

diethyl adipate 

ethylene glycol bis(2,3-epoxy-2- 
methylpropyl) ether 

triethylene glycol divinyl ether 

diethylene glycol diglycidyl ether 
1-(ethenyloxy)-6-methylheptane 

2-ethylhexyl vinyl ether 

diethylene glycol monobutyl ether 
acetate 

disoamyl ether 

Pentyl ether 

ethylene glycol dibutyl ether 

ethylene glycol ethylhexyl ether 

diethylene glycol mono(n-hexyl) ether 

diethylene glycol monomethylpentyl 
ether 

dipropylene glycol monobutyl ether 

4-4 

1-10b 

2-4-2 
1-6-1 

10H1-2-2 

2-2-2-2 

2e1-4-1e2 

2-1(0)4(0)1-2 

2e2-2-2e2 

2v-(OH2)3-2v 

2e10H20H2-12e 
315-2v 

6,2-2v 

2a10H20H2-4 

5i-5I 

5-5 

4-2-4 

OH2-2,6 

OH2-2-5 

OH2-2-1,5 

OH2-2-6 

130.23 300 mg/L(25); insol. 130ppm 	140.2 	-95.2 	.7684(20) 

158,28 	 8 PPm 	190 	 -69 	.7833(20) 

186.38 	 <5 ppm 	226 	 .7936(20) 

242.45 	 < 5ppm 	286 	 -7.6 	.806 

10220 	 4600 ppm 85-87 	 .771 

168.31 	 23 ppm 	70 	 .921 
7700 ppm 
10000 ppm 

2,5,84doxanonane 	 134.18 misc. 	 550000 ppm 162; 161-164 -64 	.937; .943(20) 

1-ethyoxy-2(b-ethoxyethygethane 	134.18 	 500000 ppm 162 	 -64 	.937 

155-160(11 
1,4-bls(2,3-epoxypropoxy)butane 	202.28 	 mg  1-19) 	 1.1 g/cu cm(25) 

202.28 .423g/100m1 	 240;245 	-19 	1.00076(20) 
1,2-bls(2,3-epoxy-2- 
methylpropoxy)ethane 	 202.28 

3,6,9,12-tetraoxadec,a-1,13-diene 	202.28 

bis(2-(2,3-epoxypropoxy)ethyl) ether 21828 
1-(ethenyloxy)-6-methylheptane 	156.27 

3-((ethenyloxy)methygheptane 	156.27 	 76 	 -100 	.8108(20) 

158.28 	 8 ppm 	190 	 -69 	.7833(20) 
.453/Vbf2t); 
.8734(20); 

174.32 ssol. 	 203.6 	-69.1 	.8319(25) 

174.32 

2-((2-hexylm)ethoxy)ethanol 	190.32 17000 mg/L(20) 

2424(2- 
methylpentygon)ethoxy)elhanol 	190.32 
1-12-butoxy-1-metnyrethoxy)-2- 
propanol 	 190.32 

1-oxaoctane 

	

5-5 	 dipentyl ether 

	

6-6 	 bis(1-hexyl) ether 

	

8-8 	 di-n-octyl ether 

1-51 2-methoxy-2methylbulane 
exo-2-methoxy-1,1,f-
Mmethylnorbomane 

259.1; 260 	-33.3; -40 	.935(25/4) 

2-(2-(2-butoxyethoxy)ethoxy)elhanol 
a-(:3-p- 
methoxypropoxy)propoxy,propanol 
1-(2-(2-methoxy-1-methylethoxy)-1- 
methylethoxy)-2-propanol 

triethylene glycol n-butyl ether 

tripropylene glycol methyl ether 

hipropylene glycol monomethyl ether 

tetraethylene glycol dlmethyl ether 

143-22-6 

25498-49-1 

20324-33-8 

142-24-8 

C10-H22-04 

C10-H22-04 

C10-H22-04 

C10-H22-05 

H(OCH2CH2)30(CH2)3CH3 

H(OCI-12CH2CH2)30CH3 

H0(03H60)2 C3H600H3 

CH3(0CH2CH2)40CH3 

OH2-2-2-4 

OH3-3-3-1 

OH3-3-3-1 

1-2d-2d-2d-2d-1 2,5,8,11,14-pentaoxadecane 

.9890 (20/4) 

-78.89 	0.965 

1.0114(20) 

diesel ethers.xls 	 Page 1 
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tetraethylene glycol &methyl ether 
1,0-dimetnyt-1-vinyl-4-nexenyi methyl 
ether 

Isobomyl methyl ether 

neopentyl glycol diglycidyl ether 

1-isobutyl glycerol ether 2,3-diacetate 

2-ethylhexyl glycidyl ether 

hydroxycltronellal methyl ether 

methyl decyl ether 

diethylene glycol monoheptyl ether 

tripropylene glycol monoethyl ether 

dibutyl maleate 

triglycidylglycerol 

ethyl geranyl ether 

trimethylolpropane diallyl ether 

citronelly1 ethyl ether 

decyl vinyl ether 

tripropylene glycol monomethyl ether 
acetate 

dihexyl ether 

diethylene glycol 2-ethylhexyl ether 

diethyrene glycol dibutyl ether 

triethylene glycol monohexyl ether 

tetraethylene glycol diethyl ether 

heptyl ether 

glyceryl tributyrate 

dioctyl ether 

&ethylene glycol dibenzoate 
1-methoxy-2-propanol 
2-ethoxy ethanol 

diethylene glycol 
2-methoxyethyl acelate 

diethyl carbonate 

butyl methyl ether 

sec-butyl methyl ether 

diethylene glycol monomethyl ether 

misc. 	 275.5 

.921 23 ppm 	70 

1-2d.2d-2d-2d-1 

1,5-1,1,2v 

1-10b 

2e1-5n-12e 

2a0-3(2a0)-41 

2e1-8I 

1-1010 

1-10 

7-2-20H 

0H3-3-3-2 

4-1(0a)1.11((0a)-4 

di-n-octyl ether 

1,5-bis(benzoyloxy)-3-oxapentane 

4-oxapentan-2-ol 
3-oxapentan-l-ol 

3-oxapentan-1,5-diol 
2-methoxyethyl acetate 

1-methoxy butane 

2-methoxy butane 

3,6-dioxapentan-1 -ol 

252 .948(25) 

.9930 274-277 

-41 .812(20) 

.Ildbt2b); 
256 	 -60.2 	.8853(20) 

<5 ppm 	226 .7936(20) 

287:305- 
310:129-131  -75 

< 5ppm 	286 	 -7.6 

235-237(7) 28 

135 

246 	 -10 
144 

126 	 -43 

69-71 

75;60-62 

194 	• 

1.0350(20/4) 

.806 

1.175 

1.118 

-70 

.975 

-10;115 	.744(20) 

.742 

1.01 

Chemical Name - 

143-24-8 

60763-44-2 

5331-32-8 

17557-23-2 

63744-50-3 

2461-15-6 

3613-30-7 

7289-52-3 

25961-87-9 

20178-34-1 

105-76-0 

13236-02-7 

40267-72-9 

682-09-7 

69929-16-4 

765-05-9 

120-55-8 
107-98-2 
110-80-5 

112-58-3 

1559-36-0 

112-73-2 

25961-89-1 

4353-28-0 

629-64-1 

105-58-8 

628-28-4 

6795-87-5 

111-77-3 

C10-H22-05 

C11-1-120-0 

C11-H20-0 

011-H20-04 

Cl 1-H20-05 

011-H22-02 

011-H22-02 

011-H24-0 

011-H24-03 

011-H24-04 

C12-H20-04 

C12-H20-06 

C12-1-122-0 

C12-H22-03 

012-H24-0 

C12-H24-0 

C12-H24-05 

C12-H26-0 

C12-H26-03 

C12-H26-03 

C12-H26-04 

C12-H26-05 

C14-H30-0 

018-H18-05 
C4-H10-02 
C4-H10-02 

C5-H10-03 

C5-H12-0 

05-H12-0 

05-1-112-03 

CH3O(CH2CH20)4C1-13 

CH2=CHC[CH31[OCH3ICH2CH2CH=C[CH3]CH3 

isobornylOCH, 

CH2(01CHCH200H2C[CH3][CH3ICH2OCH2CH[010E12 

CH3C(0)CH2CH(OCPICH31CH2OCH2CH[CH3]CH3 

CH2[0*ICHCH2OCH2CH[CH2CH3](CH2)3CH3 

CH(0)CH2CH(CH31(CH2)3C[CH3]CH3 

CH3(CH2)00CH3 

C71115-0-C2H4C2H4OH 

OH(0C3H612C.3H60CH2CH3 

C4 1-1 900CH:CHOOC4H5  
C1-12[01CHCH2OCH2CH(OCH2CH[01CH2)CH2OCH2C -1101 
CH, 	 2e1-3(-2e1)-2e1 

CH3CH2OCH2CH=C(CH3)CH2CH2CH=C(CH3)CH3 

CH3CH=CH0CH2C(CH2CH3)(CH20H)CH20CH=CHCH3 

CH3C[CH3]=CHCH2CH2CHICH31(CCH2)20CH2CH3 

C1-13(CH2)9OCH.CH2 

C1-13CH(0[0=]CCH3)CH200H(CH3)CH200H(CH3)CH2OCH3 H03-3-3(01a1)-1 

CH3(CH2)50(CH2)5C1-10 

H(OCH2CH2)2OCH2CH[CH2CH3ECH2)3CH3 

CH3(CH2)30(CH2CH20)2(CH2)3CH3 

H(OCH2CH2)30(CH2)5CH3 

CH5CH2(OCH2CH2)40CH2CH3 

C71115007H15 

C1-13(OH2)70(CH2)7C1-l3  
[benzene ring]C[•=010CH2C1-120CH2CH20[0.1C[benzene 
ring] 
CH2OCH,CH[OH]CH, 

CH,CH2OCH,CH2OH 

HOCH2CH2OCH2CH2OH 

CH3OCH2CH2OCPICH3 

(C2H5)00, 

041-1,0CH3 

C2H5CH(CH3)0CH3 

HOCH,CH2OCH,CH2OCH, 

222.32 

168.31 

168.31 

216.31 

232.31 

186.33 

3,7-dimethy1-7-methoxy-1-octanal 	186.33 

1-methoxydecane 	 172.35 

2-(2-heptyloxy)ethoxy)ethanol 	204.35 
1-(2-(2-emoxy-1-methlethoxy)-1- 
methylethoxy)-2-propanol 	 220.3 	sol. 

228.32 sol. 

260.29 

1-ethoxy-3,7-dimethy1-2,6-octadiene 182.34 
2-ethyr-2-(hydroxymethyl)-1,3- 
propanediol, dially1 	 214.34 

8-elhoxy-2,6-dImethyl-2-octene 	184.36 

3-oxatridec-1-ene 	 184.36 

1-(2-(2-methoxy-l-methylethoxy)-1- 
methylethoxy)-2-propanol acetate 	248.36 

bis(1-hexyl) ether 	 186.38 

2-(2-(2-elhylhexylm)ethoxy)ethanol 218.38 

5,8,11-trioxapentadecane 	 218.38 sl. sol 
Z-V-(2- 
(hexyloxy)ethoxylethoxy)ethanol 	234.38 

3,6,9,12,15-pentaoxaheptadecane 	250.38 

di-n-hpthyl ether 	 214.44 

302.41 133 mg/L(37) 

242.45 

314.34 misc. 
90.12 
90.12 misc. 

106.12 misc. 
118.12 misc. 

118.12 1.4g/100mL 

88.15 

88.15 

120.15 misc. 

629-82-3 	C16-H34-0 

	

111-46-6 	04-H10-03 

	

110-49-6 	C5-H10-03 

2-1,2v1,2,2v 

1,2v-51(10H)-2v1 

1,2v(1)7-2 

10-2v 

60-01-5 	015-H26-06 C3H5(0C0C3H7)3 

6-6 

OH-2-2-2(2)4 

4-2v-2v-4 

01-1-2-2-2-6 

2-2-2-2-2-2 

7-7 

3,1(0a)-3,1(0a)- 
3,1(0a)-3 

8-8 

1-3(OH) 
2-2(0F1) 

OH2v-2v0H 
1-2-1a01 

2-1(0a)-2 

1-4 

1-4s 

0H2-2-1 

2,5,8,11,14-pentoxadecane 
5, t-aimetnyi-u-methoxy-1 ,ti-
octadiene 
exo-2-metnoxy-1,/,1- 
trimethylnorbomane 
1 ,3-bi0(2,3-epoxypropxy)-2,Z-
dImethylpropane 
3-isobutoxy-1,2-propanediol 
dlacetate 
1,2-epoxy-3- (( 4- 
ethylhexyl)oxy)propane 

6-acetyloxy-1,2:10,1l-diepoxy-4,8- 
dioxanonane 

.89(20/4) 

rr 	 Parip 
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1 (13)-1(1a)1 dimethyl 1,3-propanedioate 

20a-2-2 2-ethoxyethyl acetate 

1-10a210a-1 

2-ethoxyethanol acetate 

2-methoxy-2melhylbutane 

3-oxaheptan-1-ol 

2,5,8-trioxanonane 

36-dioxaoctan-1-ol 
2,4,7,9-tetraoxadecane 

4-oxaocta-2,5-dlene 

2-ethoxyethanol acrylate 

1,2-epoxy-4,7-dloxanon-8-ene 

2-(2-methoxyethoxy)ethanol acetate 162.21 
2-methy1-4-oxaheptane 	 116.2 

2,2-dimethy1-3-oxahexane 	 116.2 

2-methy1-3-oxaheptane 	 116.2 

4-oxaoctane 	 116.2 

2-51 	 6-methy1-3-oxaheptane 116.23 

2-5 	 3-oxaoctane 116.23 

2-5t 	 4,4-dimethy1-3-oxahexane 	 116.23 
31-4t 	 2,2-dimethy1-4-methy1-3-oxapentane 116.23 

22900 mg/L(20);23 
132.13 g/100g(20) 

146.14 sl 

146.14 16.4g/100m1 	 191;79-86 	-41.5;31 

132.16 misc. 	 156 

102.20 	 4600 ppm 85-87 

118.18 	 >171 

1 134.18 misc. 	 550000 ppm 162; 161-164 -64 

156 	 -61.7 

16-19;200 	18-19 

2-2-1a01 

1-5t 

OH2-4 

10H1-2-2 

OH2-2-2 

1-1-2-1-1 

1-1(0a)1v1v1(0a)-1 

2,2v-2v1 

2v1 a0-2-2 

2e1-2-2v 

2-1(0a)1,1(0)-2 
4(1)-2v 
2v1,1-3 

51-2v 
2e1-4t 

2e1-4 

1(OH)1(OH)1-3v(1) 

2(-1)2-1a1 

2(OH)1(0a)-4 
3-1(0a)-3 

1,1a002-3 

1,1a(0)-2-2-1 
3-3(1) 
3-4t 
31-4 

3-4 

134.18 misc. 
150.17 misc. 

144.14 Insol. 

112.19 
5.5 gnoU mL (20) 

144.19 mod. 

144.19 

propanedloic acid, dlethyl ether 
4,4-dimethy1-3-oxahex-1-ene 
2-methy1-3-propoxyprop-1-ene 

6-methy1-3-oxahept-1-ene 
1,2-epoxy-5,5-dimethy1-4-oxahexane 130.21 

20000 mg/L(20) 
1,2-epoxy-4-oxaoctane 	 130.21. mod. 

5-hydroxy-5-methy1-4-oxahept-2-en-1 146.21 

3-methoxybutyl acetate 

2-hydroxy propanolc acid 

146.21 sol. 
4.ngri UUmL;8.3 

146.19 g/100 mL 

vsl 

146.21 2-propoxyethanol acetate 

160.59 sl 

114.19 
114.19 

114.19 

132.23 1(OH)2-4 4-oxaoctan-1,2-8101 

0.999 

200;204-205 -17.5 	1.150 

174.1 -47.3 	.9834(20) 

202 

175 

199;94-95 	-51 to -50 	1.055 

.908(25); 
.91(25/4) 

171 
-28;49 to - 

	

*185-188 	43 	.974;684(20) 

	

168.2 	 .944 

164-168 

87.6 	-88 	.7365(25) 

132.13 sl 180-181 	-60 to 0 	1.1560 glcm3 

.974;.975(20) 

1.117 

1.104(20) 

.771 

.937; .943(20) 

112.5 .7826(20) 

209.1 
105 

100 

108 
118.1 

112.5 

117.6 

102 

1.04(20) 
.7549(20) 
.7472(25) 

.7594(15) 

.7772(0) 

.7688(21) 

.7622(20) 

.751(18) 

Chemical Name 

dimethyl malonate 

2-ethoxyethyl acetate 

dimethyl succinate 

ethylene glycol diacetate 
ethylene glycol monoethyl ether 
acetate 

methyl tert-pentyl ether 

2-butoxyethanol 

diethylene glycol dimethyl ether 

diethylene glycol monoethyl ether 
2,4,7,9-tetraoxadecane 

dimethyl maleate 

2-butenyl propenyl ether 
ethylene glycol monoetnyl ether 
acrylate 

glycidyl vinyloxyethyl ether 

diethyl malonate 
2-(ethenyloxy)-2-methylbutane 

2-methy1-3-propoxy-1-propene 
isopentyl vinyl ether 
1,1-dimethylethyl glycidyl ether 

n-butyl glycidyl ether 

1-methylvinylcarbinol glycerol ether 

3-methoxybutyl acetate 

butyl lactate 

dipropyl carbonate 
etnytene glycol monopropyl etner 
acetate 

diethylene glycol monomethyl ether 
acetate 
2-methy1-1-propoxypropane 
2-methy1-2-propoxypropane 
butyl isopropyl ether 

butyl propyl ether 

ethyl isopentyl ether 

ethyl pentyl ether 

ethyl tert-pentyl ether 
isopropyl tert-butyl ether 

1,2-propanediol monobutyl ether 

108-59-8 	05-H8-04 

111-15-9 	C6-H10-03 

106-65-0 	C6-H10-04 

111-55-7 	06-H10-04 

111-15-9 	C6-H12-03 

994-05-8 	C6-1-114-0 

111-76-2 	C6-H14-02 

111-96-6 	C6-1-114-03 

111-90-0 	06-H14-03 
5732-48-9 	C6-H14-04 

1624-48-6 	C6-H8-04 

5714-72-7 	C7-I-112-0 

106-74-1 	C7-I-112-03 

16801-19-7 	07-H12-03 

105-53-3 	C7-H12-04 
29281-39-8 	C7-H14-0 

53897-29-3 	C7-1-114-0 
39782-38-2 	C7-H14-0 
7665-72-7 	07-1-114-02 

2426-08-8 	07-H14-02 

63991-93-5 C7-H14-03 

4435-53-4 	C7-H14-03 

138-22-7 	C7-H14-03 

623-96-1 	07-H14-03 

20706-25-6 07-H14-03 

629-38-9 	C7-H14-04 
15268-49-2 	C7-1-116-0 
29072-93-3 	C7-H16-0 

1860-27-1 	C7-H16-0 

3073-92-5 	07-H16-0 

628-04-6 	C7-H16-0 

17952-11-3 	C7-H16-0 

919-94-8 	07-H16-0 
17348-59-3 	C7-H16-0 

29387-86-8 07-H16-02 

C H2(00 0 CH2  )2 

CH30=C-OCH2CH2OCCH2CH3 

 CI-130C.0CH2CH2C=00CH3  

CH3CH2OCH2CH2OC[0]0H3 

 CH3C(CH3)2CH2OCH3 

HOCH2CH20(CH2)3CH3 

 Cf-13(OCH2CH2 )200H3 

1-10CH2CH2OCH2CH20CH2CH3 
 CH3OCH2OCH20H2OCH2OCH3  

CH300CCH:CHCOOCH3 

 CH3 C1-12CH=CHOCH=CHCH3 

 CH2=CHCI0I0CH2CHSOCH2CH3 

CH2101CHCH20CH2CH20CH.CH2 

CH3CH200[0]CH2C[0]0CH2CH3 
 CH3CICH3H0CH=CH21CH2CH3 

CH2=C[CHACH20CH 2CH2CH3 
 CH3(CH3]CH2CH2CH20CH=CH2 

 CH2[01CHCH2OCICHeCHeH 3  

CH2[01CHCH2OCH2CH2CH2CH3 

 CH2=CHC[CH310CH2CH[OHiCH2OH 

CH3C[010CH2CH2CH[OCH3ICH3 

CH3CH(O H)CMO CH2CH2CH2CH3 
 CH3CH2CH200(010 CH2CH2CH3  

CH3C1010 CH2CH200H2CH2CH3  

CH30(0)0CH2CH2OCH2CH2OCH3 
CH3CH2CH20CH2CH[CH31CH3 

 CH30(OH3)[0H310CH2CH2CH3 
 CH3(CHI0C1-l(CH3ICH3 

CH3(CH2)20(CH2)3CH3 

CH[CH3HCH3ICH2CH2OCH2CH3  

CH3CH20(CH2)4C1-l3  

CH3CH2C[CHACH310CH2CH3 
 C1-13CH[CH3j0CICH3110H3]CH3  

CH2CH[OH1CH20(CH2)3CH3 

diesel ethers.xls Page 3 
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23436-19-3 C7-H16-02 	HO(CH2)30CH2CH(CH3ICH5 

HOCH2CH2OCH2CH2OCH[CH3ICH3 
H(OCH2CH2)20(CH2)2CH3 

C7-H16-03 
07-H16-03 

C7-H16-03 H0(CH2qH2CH20)2CH3 

CH3CH2OCH2CH2CHI0HICH2OCH2CH3 
CHSOCH[0CHACH2CH[0CH3]0CH3 

CH30CH2CH2OCH2OCH2CH2OCH3 

112-35-6 
2798-72-3 

7529-27-3 

27310-21-0 

7487-28-7 

764-99-8 

10580-77-5 

123-25-1 
627-93-0 

H(OCH2CH2) 30CH3' 
CH3(CH2)30CHECCH=CH2 

C8-H14-02 CH2=CHCH20CH2CH20CH2CH.CH2 

H0(CH2)20CH2CH.CHCH=CHCH3 

CH2(01C[CH,ICH20CH2CECHerICH2 

CHeCH(OCH2CH2)2OCH=CF12 

C1-12[01CHCH2CH2OCH2CH2CH[01CH2 

C1-13C1-126C[0]CH2CH2C[010CH2CH3 

CH3OC[OlCH2CH2CH2CH2C[0]0CH3 

C7-H16-04 
08-H12-0 

CH2[010 H C H20C H20C H2CH[01CH, 

(CH3C0OCH2CH2)20 

CHe-CfCH3]0H,0CH,CH2CH,CH, 

CH2=CHCH20C1-12CH2CH[CH31CH3 

4223-11-4 

10143-53-0 

112-07-2 

112-15-2 

	

C8-H16-02 	CHeCH001-12CH2O(CH2)3CH3 

C8-H16-03 CH2=CHO(CH2CH20)2CH2CH3 

CH3C[01(OCH2CH2)2CH2CH3 

	

08-H16-04 	CH3C[0](OCH2CH2)3H 
C8-H18-02 
C8-H18-02 

C8-H16-03 

C8-H14-02 

C8-H14-03 

C8-1114-03 

C8-H14-03 

C8-1-114-04 
C8-H14-04 

2224-15-9 

628-68-2 
53907-74-7 

592-72-3 

C8-H14-04 

C84114-05 
C8-H16-0 

C8-H16-0 

(OH)3-41 

(OH)3-4 

(OH)3-4t 
(OH)3-41 

(OH)3-4 

2(OH)1-2-2 

1-2-2-2 

(OH)1(OH)2-4 

OH-2-2-31 
OH-2-2-3 

1-3-3-(OH) 

2-3(OH)1-2 
1(-1)(-1)2(-1)-1 
1-2-1-2-1 

(OH)2-2-2-1 
4-3y1 v 

2v1-2-1,2v 

(H0)2-1,2v2v1 

2e1(1)-1(1)2e 

2v-2-2-2v 

2e2-2e2 

2-1(0a)3(0a)-2 

1-1(0a)5(0a)-1 

2e1-2-1e2 

2(0a)-2-2-(0a)2 
2v(1)1-4 

2v1-5i 

2v-2-4 

2v-2-2-2 

2a(0)2-2-2 

2a(0)-2-2-2 

2-4-2 
1-6-1 

218;97-99 	-20 

211;109-110 8-11 

t039;1.0470 
1.062 

81-2(10) .975(29) 

• 250 

128.21 
121 

	

191.2 	-80 	.941(20) 

	

192.3 	-63.5 	• .9424(20) 

	

218-219 	-25;11 	1.0114(20/20) 

4-oxaoctan-1-cl  

5,5-dimethy1-4-oxahexan-2-ol 
5,5-dImethy1-4-oxahexan-1-ol 

4-oxaoclan-1-ol 

4,7-dloxanonan-2-ol 

2,5,8-trioxadecane 

3-butoxypropan-1,2-diol 

7-methy1-3,6-dioxaoctan-1-ol 

3,6-dioxanonan-1-ol 

6-methy1-4-oxaheptan-l-ol 

1,2:6,7-diepoxy-2,6-dimethyl-4-oxahe 158.22 

 3,6,9-trioxaocta-1,10-diene 

1,2:8,9-dlePoxy-5-oxanonane 

C7-H16-03 
C7-1-116-04 
C7-H16-04 

4,8-dioxanonan-l-ol 

3,7-dioxanonan-1-ol 
3,5-climelhoxy-2,6-dioxaheptane 
2,5,7,10-tetraoxaundecane 

3,6,9-trioxadecan-1-ol 
5-oxanona-3-en-1-yne 

4,7-dioxadeca-1,9-diene 

3-oxanona-5,7-dien-1-ol 

132.23 

132.23 6 g/100 mt. mod. 

132.23 
132.23 

132.23 

148.23 

148.23 

148.23 

1.0494; 

142.22 

142.22 

202 <-90 .963(20) 
148.23 
148.23 sol. 

148.23 misc. 

148.23 
164.23 sol. 
164.23 misc. 

0.951; 
190; 184 	-80; -82.78 .95(25/4); 1.197 

183 
195* 

164.23  mine.;  1000 g/L(25) 
124.2 

-44 249 1.048(20/4) 

1,2:9,10-diepoxy-4,7-dioxaoctane 

2-methy1-4-oxaocta-1-ene 

2-methy1-5-oxaocta-7-ene 

3,6-dioxaocta-1-ene 

3,6,9-trioxaocta-1-ene 

2-butoxyethanol acetate 

2-(2-ethoxyethoxy)elhanol acetate 

158.22 

158.22 

174.22 sol. 
174.22 insol. 

174.22 

190.22 <2 g/100L 

128.21 

128.21 

144.24 

160.24 sol.; -9.4%(20) 
1.7 g/100 g(20) 

160.24 mod.; insol. 

176.24 misc. 

7700 ppm 
10000 ppm 

5131-66-8 

80763-10-6 
57018-52-7 

10215-33-5 

63716-10-9 

1002-67-1 

624-52-2 

5412-01-1 
6881-94-3 

34590-94-8 

4043-59-8 
102-52-3 
4431-83-3 

C7-H16-02 

C7-1-116-02 
C7-1-116-02 

H0(CH2)30(CH2)3CH3 

CH3CICHeCH3lOCH2CH[OH]lia 

H0(CH2)30C1C1-1311CH3ICH3 

H0(CE12)30(CH2)3CH3 

CH3CH[OFUCH2OCH2CH200H2CH3 

 CH3(OCH2CH2)20C1-t2CH3 

C7-H16-03 	CH3(CH2)5OCH2CH[OHICH2OH 

171 .879(25) 

C7-H16-02 

07-H16-03 

C7-H16-03 

Chemical Name 

propylene glycol isobutyl ether 

propylene glycol n-butyl ether 

propylene glycol tert-butyl ether 

propylene glycol tert-butyl ether 

proyfene glycol mono-n-butyl ether 
(2-nydroxy)propyi (2-ethoxyletnyl 
elher 

2-ethoxyethyl 2-mathyoxyethyl ether 

3-butoxy-1,2-propanedlol 

diethylene glycol isopropyl ether 

diethylene glycol propyl ether 

dipropylene glycol monomethyl ether 

glycerol 1,3-diethyl ether 
1,1,3,3-tetramethoxy propane 
2 5,7,10-tetraoxaheptane 

Methylene glycol monomethyl ether 

ethynylvinylbutyl ether 

ethylene glycol, dially1 ether 
emyiene glycol, mono-2,4-nexa6oene 
ether 

bls(2-methylglycidyl) ether 

bis(2-vinyloxyelhyl) ether 

bis(3,4-epoxybutyl) ether 

diethyl succlnate 

dimethyl adipate 

ethylene glycol diglycidyl ether 

diethylene glycol dlacetate 

1-((2-methy1-2-propenyl)oxy)butane 

3-methy1-1-(2-propenyloxy)butane 

2-butoxyethyl vinyl ether 

dielhylene glycol ethylvinyl ether 

ethylene glycol butyi ether acetate 
eielnyiene glycol monoethyl  orner 

 acetate 

1,4-diethoxybutane 
1,6-dimethoxyhexane 
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CH2=CHCH200H2CHIONCH2OCH2CH=CH2  

CH2=CHOCH2CH2OCH2CH2OCH2C(0)0CH3 
 CH2 (0)CHCH2C(CH2)5CH3  

CH3CH=CH0CH2C(CH20H)(CH20H)CH2CH3 

CH3CH(010=1CCH3)CH20CH(CH3)CH200-13 
 CH3(CH2)3OCH2CH2CH[CH3]CH3 

 CH3(C1-12)50CH2CH3  

CH3(C H2)60 CH,C HAN 

OHCH2CH(OCH2CH(CH2CH3)CH2CH3)CH2CH 

CH30CH2CH20CH2CH20CICH3HCH5ICH3 

112-34-5 	084-118-03 	H0(CH2CH20)2(CH2)3CH3 
111109-77-4 C8-H18-03 CH3(OCH2CH2CH2)200H3  

15764-24-6 C8-H18-03 CH3(H0)CH0CH2CH(CHJ0CH2CH3 
112-49-2 	C8-H18-04 H,C (0 C H2CH2),0 CH 

6163-66-2 	C8-H18-0 	CH3CICH3j(CH310C[CHCH3ICH3 

628-55-7 	08-1418-0 	C1-6CH[CHACH20CH2CHICH31CH3 

	

6863-58-7 	C8-H18-0 

	

4161-24-4 	C8-H18-02 
CH3CH2CHICHeOCH[CH5lCH2CH3 

 H0(CH2)40(C1-12)3CH3 

4413-13-2 

112-36-7 

4468-93-3 

112-25-4 

C8-H18-02 

C8-H18-02 

C8-1-118-02 

C8-H18-02 

CH3CH2OCH2CH2O(CH2)3C143 

 CH3CH2(OCH2CH2)2OCH2CH3 

1-10CH2CH200H2CH[CH2CH3]CH2CH3 

HOCH2CH 20(CH2) 5C1-l3 

10137-96-9 C8-H18-02 	CH3(OCH2CH2)2C1-I2CH2CH3 
10143-32-5 C8-H18-03 	CH3CH(OH)CH200H2CH(CH3IOCH2CH3  

627-92-9 	C8-H18-03 H0CH2CHPHICH20CH2CH2CI-ItCHACH3 

112-36-7 	08-1-118-03 	C1-13CH2(0CH2CH2)3H 

18912-80-6 C8-H18-03 	H0(CH2CH20)2CH2CH[CH,ICH3 

17018-07-4 	C9-H16-03 

66967-60-0 CO-H16-05 
5926-90-9 	C9-H18-02 

682-11-1 

88917-22-0 
17071-52-2 

1969-43-3 

C9-H18-03 

C9-H18-04 

09-H20-0 
09-H20-0 

1-oxaoctane 
2-methy1-4-oxaoctane 

130.23 300 mg/L(25); insol. 130ppm 	140.2 
130.23 

-95.2 	.7684(20) 
.763(15) 151 

160.29 2-(heptyloxy)ethanol 

1,2,3-propanetriol, 2-ethylbutyl ether 176.29 

143 	 .7722(20) 

.7862(15) 

.9536(20/20); 
162.26 misc. 	 230.4 	-68.1 	.967 
162.26 53 g/100 g 	 175 	 <-71 	0.898 

-64 .937 500000 ppm 162 

208 	 -45.1 	.8894(20120) 

130.23 107.2 .7658(20) 

130.23 

130.23 
146.26 

146.26 

134.18 

146.26 

146.26  si. sol. 

146.26 

162.26 

162.26 

162.26 v. sol. 

162.26 

.90/(2b); 
189; 180-190 -44.3 	.9063(20) 

217-225 	 .95-1.0 

200;209 	-25 	.970;.977 

157 
166 	 -68.3 	.790(16) 

.909 

Chemical Nan1e 
1-0,1-aimetnyietnoxyy4- 
methylpropane 
1-elhoxyheptane 
1-methoxyheptane 

butyl ether 
butyl isobutyl ether 

di-tert-butyl ether 

isobutyl ether 

sec-butyl ether 
4-butoxy-1-butanol 

butyl ethyl cellosolve 

diethylene glycol diethyl ether 

ethylene glycol 2-ethylbutyl ether 

ethylene glycol monohexyl ether 
etnyiene glycol monometnyipentyi 
ether 

1-(2-elhoxypropoxy)-2-propanol 

1-isoamyl glycerol ether 

diethylene glycol diethyl ether 	' 

diethylene glycol monoisobutyl ether 

diethylene glycol mono-n-butyl ether 
dipropylene glycol dimethyl ether 

dlpropylene glycol ethyl ether 
Methylene glycol dimethyl ether 

Methylene glycol monoethyl ether 

tetraethylene glycol 

1-methoxy-2-octyne 

glycerol 1,3-diallylether 

melhoxytriethylene glycol vinyl ether 
2,3-epoxypropylhexyl ether 

trimethytolpropane monoallyl ether 
dipropylene glycol monomethyl ether 
acetate 

1-butoxy-3-methylbutane 

1-ethoxyheptane 

ethylene glycol monoheptyl ether 

1,2,3-propanetriol, 2-ethylbutyl ether 
dietnylene glycol tert-butyl methyl 
ether 

CH3C[CH3][CH310CH2CH[CH31CH5 
CH,(CF12)80CH2CH3  
CH3O(CH2)6CH3 

	

142-96-1 	C8-H18-0 	CH3(CH2)30(C1-12)3CH5 

	

17071-47-5 	C8-H18-0 	CH3CH[C1-13]CH20(CH2)3CH3 

112-50-5 	C8-H18-04 	H0(CH2CH20)3CH2CH3 

H0(CH2CE120)3CH2CH20H 

C9-H16-0 	CH3(CH2)4C=CCH20CH, 

7409-44-1 	C9-H20-02 

7398649-5 C9-H20-03 

09-1420-03 

4t-41 

2-6 
1-7 

44 
4-4i 

4t-4t 

4i-41 

4s-4s 
OH44 

2-2-4 

2-2-2-2 

CH2-2(2)2 

CH2-6 

1-2-5 

2-2(1)-20 14)1 

0H2(OH)1-51 

2-2-2-2 

OH2-2-4 

0H2-24 
1-3-3-1 

2(01-1)1-3-2 

OH2-2-2-2 

0H2-2-2-20H 
7y201 

1v2-2(OH)1-2v1 

1v1-2-2-2avl 
1e2-6 

2v1-2(10H)(10H)2 

1-2(1)-2(002)1 

4-51 
2-7 

CH2-7 

0H2(-2(2(2))10H 

1-2-2-4t 

2,2-dImethy1-5-methyl-3-oxapentane 130.23 
1-ethoxyhexane or 3-oxaoctcane 	130.23 

1-methoxyheptane 	 130.23 

2,2,44-tetramethy1-3-oxabutane 

2,6-dimethy1-4-oxahexane 

3,5-dimethy1-4-oxahexane 
5-oxaoctan-1-ol 

2,5-dioxaoclane 

1-ethyoxy-2(b-ethoxyethyl)ethane 

5-ethy1-3-oxahexan-1-ol 

3-oxaoctan-1-ol 

25-dloxaoctane 

4,7-dioxanoctan-2-ol 

7-methy1-4-oxaheplan-1,2-diol 

2,4,6-tridaoctane 

7-methy1-2,4-dloxaoctan-l-st 

2,5-dioxaoctan-1-ol 
2,6,10-trIoxaoctane 

1-2(ethoxy-2methyl-ethoxy)2-propanc 162.26 sol. 

1,3,5,7-tetraoxaoctane 	 178.26 misc. 

2,4,6-trioxaoctan-1-ol 	 178.26 misc. 

	

194.26 	 327 	 4 	 1.12(20) liq. 

	

140.23 	 77(19) 	 .8370(25) 

1,3-bis(2-propenyloxy)-2-propanol 	172.25 
2-(2-(2-vmyloxyjethoxy)ethoxy acetic 
acid, methyl ester 	 204.25 
1,2-epoxy-3-(hexyloxy)propane 	158.27 
(2,2-oighydro>tymetnylibutyl) 
monoallyl ether 	 174.27 
1-(0-methoxy-1-methyletnoxy)-2- 
propanol acetate 

1-butoxy-3-methylbutane 

1-ethoxyheptane 

2,2-dimethy1-2,4,6-trioxaheptane 	176.29 

33021-02-2 C8-H18-0 
5756-43-4 	C8-H18-0 
629-32-3 	C8-H18-0 

112-60-7 	C8-H18-05 
18495-23-3 

	

193-195 	 .927(25) 
216 

1.1.118(2b); 

	

255.4 	-18.7 	1.021(20) 

2,4,6-trioxaoctan-1,8-diol 
1-methoxy-2-oclyne 

190.27 19.4 g/100 g(25) 

144.26 
144.26 
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Chemical Name 

dipropylene glycol monopropyl ether 

glycerol alpha,gamma-dilsopropyl 
ether 

propylene gylcol butoxyethyl ether 

telraethylene glycol methyl ether 
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176.29 mod. 	 212 

176.29 

-90 230.3 

en 

29911-27-1 	C9-H20-03 	CH,CH(OH)CH2OCH(CH3)CH20(CF12)2CH3 

CH,CH[C1-13]0CH2CH[01-1]CH20CH[CH31C1-13 

124-16-3 	C9-H20-03 	CH3CH[OHICH2O(CE12)20(CHICH3 

23783-42-8 C9-H20-05 	H0(CH,C1-120)4CH3 

1-(2-propoxy-1-metnyieinoxy)-2- 
3-2(1)-2(OH)1 	propanol 

2(1)-2(OH)1-2(1) 	1,3-diisopropoxy-2-propanol 

4-2-2(OH)1 

1-2-2-2-201-I 

0. 

g E 

0.922 

13021-54-0 	C9-1120-03 

1-butoxyethoxy-2-propanol 	 176.29 sol, 
z-ez-tz-tz- 
methoxyethoicy)ethoxy)ethoxy)ethan 
ol 	 208.26 

Legend -1=iso, s=secondary, t=tertiary, v=vinyl, y=acetyl group (triple bond), d=double bond, ethylene, n=neo 
OH= alcohol group, * = epoxide , e=epoxide, a=acetate, b=isobomyl 
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693-65-2 

	

112-58-3 	 1.4204(20) 

	

629-82-3 	 t4318 
• 

994-05-8 

o.ticouu), 
16.2(125), 
36.6(150) 1.4119(20) 
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mg/kg; 3230- 
3920 mg/kg 

	

.898(25); 	 skn-rbt 380 mg 
142-96-1 	4.8:4.5 	6.01(25) 	1.3992(20) 	MLD 

hl-mus  169 ihl-rat 4000 
g/m3/15m ppm/4h 

H:2, F:3, 
56.5 	53.3 	0.7 	37 (cc) 	13-7.6% 382 	R:0 

ion-mus  164 
mg/kg 	 17.9 	71 	1.5 

skn-rbt 500 mg 	 or/-rat  30900 skn-rbt 6 
MLD 	 mg/kg 	mUkg 

nm-nes 1183 
mg/kg 	 >110 

sen-rot stil) 	eye-rot  11.1U 	on-rat 1602 	 hl-rat >0411U 
uL/4h SEV 	uU24h SEV mg/kg 	 mg/m314h 	 566 	8.7 	.5 	-7 

5331-32-8 	 skn-rbt >5g/kg 	 17.9 	7.2 	.6 	61 
1000 	212 	2.3 
400 	95 	1.5 

on-rat 0400 	 1:1,1:2,  
111-96-6 	5.6 	2.96(25) 	1.4080 	 mg/kg 	or/-mon  6g/kg 	 5660 	1230 	.6 	70 	1.5-17.4% 205 	R:1 

112-36-7 	 1.4080 	 1770 	335 	3.5 	70 

skn-rbt 210 	eye-rbt 100 	or/-rat  1134 skn-rbt 1130 	 ihl-rat >250 
2425-79-8 	 mg/24h MOD mg MOD 	mg/kg 	ug/kg 	 ppm/6h 

or/-rat  1.0 	cr-mus 218 9  
141-28-6 	6.97 	.058(20) 	1.426(25) 	 glkg 	mg/kg 

skn-rbt 10 	 or/-rat  7460 skn-rbt 3150 
3775-85-7 	 mg/24h MW 	 mg/kg 	ut/kg 

. 
 

or/-rat  >5 	skn-rat >2 
765-12-8 g/kg 	g/kg 

>110 

4206-61-5 
• 10573-35-0 

sknebt CUU mg 	 on-rat 1300  skn-rut  3080 	 thl-rat 1 UUS 
103-44-6 	 1.4247(25) MW 	 mg/kg 	ulJkg 	 ppm/8h 

.04(20); 	 skn-rbt 500 mg eye-rbt 500 	or/-rat  6500 sknebt 	 lb/-rat  72500 

	

124-17-4 	 .01(20) 	1.4262(20) 	MLD 	mg MOD 	mg/kg 	14500 mg/kg 	 mg/m3/4h 
1.4(25); 	 on-mus >11/ 

	

544-01-4 . 	 1.4085(20) 	 g/kg 
o.:sut -lui)), 

• . 	16,2(125), 	 • 	' 	ion-mus  164 

	

693-65-2 	 36.6(150) 	1.4119(20) 	 mg/kg 	 17.9 	7.7 	1.5 

111, 9:1, 
115.5 (oc) .8-5.0% 	295 (oc) R:0 

	

.12(25); 	 skn-rbt 500 mg 	 or/-rat  3250 skn-rbt 3560 	 85 (oc); 85 	 H:1, F:2, 
112-48-1 	6.01 	.012(20) 	 MLD 	 mg/kg 	uUkg 	 (cc) 	 R:0 

on-rat 3088 sknebt 2120 
1559-35-9 	 mg/kg 	ug/kg 

bel 	IU 

mg/24h MLD, 
500 mg/24h eye-rbt 5 mg or/-rat  2400 
SEV, 500 mg MOD, 750 	mg/kg; 4920 skn-rbt 1500 

112-59-4 	6.56 	<.01(25) 	1.4381(20) 	MLD 	ug/24h SEV mg/kg 	uL/kg 	 140.56 (oc) 
sen-rut ru 
mg/24h 
ML13;500 	eye-rbt 5 	or/-rat  5660 skn-rbt 1580 

10143-56-3 6.56 	 mg/24h MW mg/24h SEV uUkg 	uUkg 
eye-rbt 1U0 	on-rat 1620 skn-rot  08811 

29911-28-2 	 mg 	ullkg 	uUkg 
skn -rot tu 
mg/24h MLD, 	 or/-rat  6.73 skn-rbt 3.4 
500 mg/24h eye-rbt 20 	mUkg; 5300 mUkg;3540 	 H:0, F:1, 

143-22-6 	 .0025(25) 	1.4389(20) 	MLD 	mg/24h MOD mg/kg 	uUkg 	 143 (cc) 	 R:0 
on-rat MU 	 121 (cc); 	 I-1:0, 1:1, 

25498-49-1 	7.15 	.002(25) 	 mg/kg 	 126.7 (coc) 	 R:0 
eye-rbt 100 	orl-rat 3300 skn-rbt 16 

20324-33-8 	 uL/24h MOD mg/kg 	mUkg 	 >110  
eye-Mt bUU 	on-rat 01411 

142-24-8 	 1.62(150) 	 mg MLD 	mg/kg 	 140 

diesel ethers.xls 	 Page 7 
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1.426 
on-rat 4000  
mg/kg 

140 

17.9 	7.2 	.6 	 61 

132 (coc) 

138 

1-:1, 
R:0 118 (cc); 47 

H:0, F:1, 
240 	R:0 173;180 

>110 
110; 232; 
>230 

54 

143 
43 

11:2, t-:3, 
25(cc) 	1.4-11.0 	445 

i ru-mus 1 tga 
g/m3/15m 	 -10 

141 
g/m3/15m 	 -6 

96;83 

e 	.1..1 	E 	 M 	 .2. 
c 	 1 	 • 3 	i 

sh 1. 	
.... 1 	ra 

..g c 	

E 	 t 
C  g 	 o o 0 	 o 	 o m < 	 .7c 	 >, 	• 	c 	 o 	 o el 	 i 	 c 	111 	 pl 	 -I 	 —t 
on-rat 3140 

	

143-24-8 	 mg/kg 
on-rat >3 	sen-rut  >5 

	

60763-44-2 	 g/kg 	g/kg 

	

5331-32-8 	 skn-rbt >5g/kg 
on-rat 4080 

	

17557-23-2 	 mg/kg 

63744-50-3 
on-rat SUU 

2461-15-6 	 mg/kg 
sen-rot SOI)  

3613-30-7 	 mg/24h MOD 
sen-rbt SUU 	 on-rat >5 	sen-rbt >5 

7289-52-3 	 mg/24h MOD 	 g/kg 	g/kg 
sKn-rot  SOU mg eye-rbt iuu 	on-rat 2940 

25961-87-9 	 MOD 	mg SEV 	mg/kg 
en 0(2.0), 	 on-rat 1.9 

20178-34-1 	7.58 	.0027(25) 	 g/kg 
skn-rot  SOU mg 	 3/00 ort-rat mr-mus 100 sKn-rbt 10 

105-76-0 	7.9 	 MLD 	 mg/kg 	mg.kg 	glkg 

13236-02-7 
sen-rbt 000 	 orl-rat >3 

40267-72-9 	 mg/24h MLD 	 94 
on-rat 331.111 

682-09-7 	 mg/kg 
sKn - rbt sou 	 on-rat >5 	sen-rbt >3 

69929-16-4 	 mg/24h MLD 	 g/kg 	g/kg 
on-rat 3940  sen-rot  >3 

765-05-9 	 1.4346(20) 	, 	 mg/kg 	gikg 

sen-rbt SW mg 	 on-rat 309UU sen-rbt 
112-58-3 	 1.4204(20) MLD 	 mg/kg 	mUkg 

1559-36-0 
sen-rbt WU mg 	 on-rat 391111 Sirn-rbt 4040 

	

112-73-2 	>1 	.005(25) 	t4235(20) MUD 	 mg/kg 	uL/kg 

25961-89-1 
on-rat 4294 sen-rot  6350  

	

4353-28-0 	 uL/kg 	uL/kg 
180-mus  04/U 

• 

	

629-64-1 	 mg/kg 
art-mus 

• orl-rat 3200 128000 	hin-mus 320 

	

60-01-5 	 1.4359(20) 	 mg/kg • 	mg/kg 	mg/kg 
em-mis 1183 

	

629-82-3 	 1.4318 	 mg/kg 

120-55-8 	9.4 	 1.5440 
107-98-2 

110-80-5 
on-rat 12060 

	

111-46-6 	 1.446 	 mg/kg 

110-49-6 

	

1.1(28);18(28. 	 sub-rat 9500 

	

105-58-8 	4.07 	8)10.8(25) 	1.3845(20) 	 mg/kg 

628-28-4 	160(25) 

6795-87-5 

111-77-3 
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slcn- rot  000 	 on-rat 0331 son-r01 >0 	 . 

	

108-59-8 	 .15 hPa(20) 	 mg/24h 	 mg/kg 	g/kg 	 90 	 x 
IUU 

PPIT( 
skn-rbt 490 mg eye-rbt 40 mg orl-rat 2700 ipr-rat 1420 skn-rbt 10300 Ihl-rat 12100 	 5 	 skn) 500 	 57(cc);52(c 1.2-12.7;1.7 	 1:12 F:2, 

	

111-15-9 	4.6;4.72 2(20);2.34(25) 1.4054(20) 	MLD 	MLD 	mg/kg 	mg/kg 	uUkg 	mg/m3/8h 	 ppm(skn) 	8h ppm 	 c);47(cc) 	13 	379;382 R:0 	x 
on-rat >0 	son-rot  >0 

	

106-65-0 	5.04 	.3(20) 	1.4197(230) 	 9/kg 	94(9 	 85;90 	1-8.5 	 x 
eye-rbt 500 	orl-rat 6850 skn-rbt 8480 ipr-mus 1190 	 96;86;88(cc 

	

111-55-7 	5.04 	.2(20) 	. 1.415(20) 	 mg MLD 	mg/kg 	mUkg 	mg/kg 	 ),96.2(oc) 1.6-8.4 	364 	 x 
on-rat  2f OU  

	

111-15-9 	 mg/kg 	 52 	 x • 
sen -mt bUU 	eye-mt 1 UU 	On-rat 11502 	 MI-rat >5400  

	

994-05-8 	 uU4h SEV 	uU24h SEV mg/kg 	 mg/m3/4h 	 566 	8.7 	.5 
on-rat 4 f U 

	

111-76-2 	 mg/kg 	 60 	 x 
on-rat 0400 	 H:1, 1- :2, 

	

111-96-6 	5.6 	2.96(25) 	1.4080 	 mg/kg 	on-mus 6g/kg 	 5660 	1230 	.6 	 70 	1.5-17.4% 205 	R:1 
orl-rat bbUU 

	

111-90-0 	 1.427 	 mg/kg 	 96 	 x 

	

5732-48-9 	 68 	 x 
eye-rot ouu 	 dm-mus 
mg SEV, 500 on-rat 1410 skn-rbt 530 	 >1500 

	

624-48-6 	4.97 	1(45.7) 	 mg/24h MLD mg/kg 	uUkg 	 mg/m3/10m 	 113;95;91 	 x 
strn-rbt 10 	 on -rat a 	son - rot >1U 	 ici-rat  01.1UU 

	

5714 -72-7 	 mg/24h MLD 	 mUkg 	mUkg 	 pprn/4h 
sKn-rbt bUU mg 	 cri -rat  10/0  son - rbt 1U1U 	 MI-rat 0011 

	

106-74-1 	5 	 1.4274(20) 	MLD 	 mg/kg 	uL/kg 	 ppm/4h 	 66.1 (oc) 
on-rat 1200 

	

16801-19-7 	 mg/kg 
son -rbt WU 	 orl-rat 14000  on-mus 1340U sen -rot >16 

	

105-53-3 	5.52 	1 	 mg24h MOD 	 uL/kg 	mg/kg 	mUkg 	 99;90 	 x 
• 29281-39-8 

53897-29-3 

	

39782-38-2 	 1.4072(20) 

	

7665-72-7 	 art-rat 2 g/kg 
. 	srcn -rot  1434 	 sKn-rot 240.1 	 20 

mg/3d MLD, eye-rbt 91 mg orl-rat 1865 mg/kg, skn- 	 ihl-rat 1030 	 PPrn: 
20 mg/24h 	MLD, 750 	mg/kg, 1660 rat >2150 	pr-rat 1140 ppm/8h, 	 50 250 

	

2426-08-6 	3.78-4.50 3.2(25) 	 MOD 	ug/24h SEV mg/kg 	mg/kg 	mg/kg 	>670 ppm/8h 	 25 ppm 	PPm PPm 	 54.4 
63991-93-5 

art-rat 4210 	 . 

	

4435-53-4 	 mg/kg 	 77 	 x 
sen -rbt  OUI) 	 scu -rat 12 	slm-rot  >0 	 09; /0.0 oc, 	 H:1, I- :2, 

	

138-22-7 	5.04 	4(20) 	 mg/24h MOD 	 or/-rat >5g/kg g/kg 	g/kg 	 5  PPm 	 79 cc 	1.15- 	365;382.2 R:0 	x 

	

623-96-1 	 54 	 x 
eye-rot1UU 	on-rat 9400 	 rd-rat >934 

	

20706-25-6 	 mg MLD 	mg/kg 	 ppm/6h 
eye-rot 150 
mg SEV; 100 orl-rat 11960 	 H:0, F;2, 

	

629-38-9 	 .12 mm(20) 	 mg/24h MOD mg/kg 	 R:0 
15268-49-2 	 1.3852(25) 

29072-93-3 	 1.3830(25) 
1860-27-1 	 1.3870(15) 

3073-92-5 
ici -mus  110 

	

628-04-6 	 g/m3/15m 
i tri-mus 116 

	

17952-11-3 	 1.3927(20) 	 g/m3/15m 
ici-mus 
81284 

	

919-94-8 • 	 mg/m3/15m 
17348-59-3 

on-rat 1UUU son-rat >2 
29387-86-8 	 mg/kg 	g/kg 

ts
  

diesel ethers.xls 	 Page 9 



a 3 

Re
fr

ac
tiv

e  
In

de
x  

rio 
ta 

'E 

:5 Va
po

ur
  P

re
ss

ur
e  

A
ut

ol
gn

iti
on

  T
em

p.
  

Ex
pl

os
io

n  
Li

m
its

  

e>7 

ô 

o jo 
g 

..1 	 E 
1-, 
E 	

'6' n.. 
.c ca 

o 
ol 	 e 

"3 
fn 

o. 	E 
▪ P. e  

400 95 1.5 

ô 
g 	 ""en 
g 	 rt E 

o 	 o 	 o 	 g 	3 	
. 	 • -1 	 , 

0 	 e 	 0 	 > 	ui -I  
0 	 0 	 0 	 0.1 	 c«), 	

-m 	ii; 	inu 
 

• _.1 	 .--  

on-rat 4200 

	

23436-19-3 	 mg/kg 	skn-rbt 8 g/kg 
on-rat 0850  son-rot 31uu 
ut/kg; 1.9 	mg/kg; 1.4- 
g/kg 	3.1 glkg 
cri-rat  2020 

	

80763-10-6 	 mg/kg 

5131-66-8 	4.55 	.187(25) calc. 65.6 (oc) 

57018-52-7 
son-rot  000 mg eye-rbt 2 	on-rat 5950 am-mus 320 

10215-33-5 	 MLD 	mg/24h SEV uUkg 	mg/kg 
on-rat 8330  skn-rbt 12 

63716-10-9 	 mg/kg 	g/kg 
skn-rot lu 	 on-rat 600o0 en-rbt /WU 

1002-67-1 	 mg/24h MLD 	 uUkg 	ut/kg 
ipr-mus 1300 sub-mus 

624-52-2 	 mg/kg 	2797 mg/kg 
eye-rot o 	on-rat 11300 son-rot  iu  

5412-01-1 	 uU24h MOD u/kg 	mUkg 

6881-94-3 

606 	skn 
. 	mg/m3 909 

• (100 	mg/ 
PPm); 	m3 skn 
skn 100 (150 100 

skn-rbt 500 mg eye-rbt 500 	cd-rat 5400 skn-rbt 10 	• 	 ppm; 150 ppm ppm 600 
34590-94-8 	5.1 	.3(20),.4(26) 1.419(25) 	MLD 	mg/24h MLD uUkg 	mUkg 	 ppm CL ) 	8h ppm 

.00-MUS >3 

4043-59-8 	 g/kg 

102-52-3 	 . 	. 

4431-83-3 
son-rot lu 
mg/24h MLD, eye-rbt 500 	orl-rat 11300 skn-rbt 7100 

	

112-35-6 	 <01(25) 	1.4381(21) 500/24h MW mg/24h MLD uUkg 	uUkg 

2798-72-3.  
son-rbt  2 	eye-rot  200 

	

7529-27-3 	 mg/24h SE// ug/24h SEV 
on-rat :33b1.I skrt-n2:1010 

	

27310-21-0 	 uUkg 	ut/kg 
skn-rot 5180  mg 	 on-rat 'Mu skn-rbt 1250 

	

7487-28-7 	 MW 	 mg/kg 	ulJkg 
son-not 1U 	 on-rat 3/30 skn-rbt 

	

764-99-8 	 mg/24h MLD 	 mg/kg 	14100 ut/kg 
on-rat lt:/U son-Mt 2011 

	

10580-77-5 	 uL/kg 	ut/kg 
. 	skn-rbt  SOU 	 ort-rat 8530 

	

123-25-1 	6.00 	1.3 mbar(55) 	 mg/24h MOD 	 mg/kg 

	

627-93-0 	5.8 	.06(20) 	1.4283(20) 

500uL/24h 	 orl-rat 2500 

	

2224-15-9 	 SEV 	 ulJkg 
eye-rot 550 
mg MOD 

700 
Pei 

1000 	212 	2.3 

628-68-2 
53907-74-7 
592-72-3 

orl -rat 31 130  skn-rbt 3 	 811-rat  2U00 

4223-11-4 	 mg/kg 	mL/kg 	 ppm/8h 
son-rot 10 	 ca-rat 11300  son-rot 8410 

10143-53-0 5.53 	.027(20) 	 mg/24h MW 	 uUkg 	mg/kg 

	

.04(20); 	 skn-rbt 500 mg eye-rbt 500 	or!-rat 2400 skn-rbt 1500 
112-07-2 	5.5 	.375(20) 	1.4200(20) MW 	mg/24h MW mg/kg 	mg/kg 

sxn-rot wu mg eye-rbt bUll 	on-rat 11 WU on-rot 10(JULI 

112-15-2 	6; 6.07 	.05(20) 	1.4210 	MLD 	mg MOD 	mg/kg 	Ul/kg 

93 (tcc) 

86 (cc); 	 H:0, F:2, 
74.4 (cc) 	1.1-3.0% 	 R:0 

77 / 54 
88 

118 

96;90 
107-110 	.8-8.10 	359 

135 

32.8 (oc) 	.4%- 	201 
71.1 (cg), 	 F:2, 
87.7(oc) 	.88-8.54% 340 	R:0 	x 
10r; 110 	 111, 
(cc); 95 	1.0-19.4% 360 	R:0 	x 
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33021-02-2 
5756-43-4 
629-32-3 

1.4008(20) 
1.40273(20) 

011-rat 4UU 
mg/kg; 3230- 
3920 mg/kg 

ihl-mus 169 1111-rat 4000 
g/m3/15m ppm/4h 

	

.898(25); 	 skn-rbt 380 mg 

	

142-96-1 	4.8; 4.5 	6.01(25) 	1.3992(20) 	MLD 

	

17071-47-5 	 1.4077(21) 

	

13.6(50); 	• 
35.1(75); 

	

6163-66-2 	 78.2(100) 	1.3949(20) 

H:2, F:3, 
56.5 	53.3 	0.7 	37 (cc) 	1.5-7.6% 	382 	R:0 

6863-58-7 
011 -Me 130 
g/m3/15m 

4161-24-4 

66967-60-0 

17018-07-4 
Orl-MUS 2200 
mg/kg 
on-rat 11300 skn-rot 10 
ul./kg 	rnUkg 

5926-90-9 

F-:2, 
85;86 	1.21-5.35 285 	R:0 100 ppm 

skn-rbt  SOU  mg eye-rot iou 	on-rat 2280 
MOD 	mg SEV 	mg/kg 
skn-rbt  SOU  
mg/24h MOD 

7409-44-1 

73986-45-5 

1.4160 72 

FD 	 , 	 . 	
Ô 
.0 ._, 	ci 

'4 
.E rt E 	e 	E 	 a 

o, O 	 . 	 o 	• 
S -I 	 > 	

-I 	 I 	o .... 	 ..0 
Ln e 	C. •-i 	0 - 

9  
O 	

. 	 •. 	 . 	 . 
0 	 0 	 -I 	

w ;,.! , 0 	 cer 
III 	 9 	rc , 	 , 	.-. 	t; ((J 0 	ur e • 	-`', --e, 	.  

MI-Mtis 106 
628-55-7 	 g/m3/15m 

on-rat 2830 skn-rbt 2120 
4413-13-2 	 mg/kg 	uUkg 

112-36-7 	 1.4080 	 1770 	335 	3.5 	70 
on-rat 191U skn-rot  32 

4468-93-3 	 mg/kg 	uUkg 
sim-rot SOU  mg eye-rot 1 mg on-rat en 	skn-rot  81 0  ipr-mus 131 

112-25-4 	 .05(20) 	1.4291(20) 	MLD 	MLD 	mg/kg 	mg/kg 	mg/kg 	 90.6 (oc) 
skn-mt 1 0 	eye-rot  b 	M1-bat 3 (30 SI01-10t 440 

10137-96-9 	 mg/24h MLD mgI24h SEV ul/kg 	uL/kg 

10143-32-5 
SU04111.1s 

627-92-9 	 2106 mg/kg 
.453(00); 	 eye-rot  b0 mg on-rat 49/0 sen-rbt tutus 

112-36-7 	.5(25) 	.3825(20) 	1.4115(20) 	 MOD 	mg/kg 	uL/kg 	 82 (oc); 71 
skn -rbt  SOU 	eye -rbt 20 	on-rat 4920 sen-Mt 3060 	 thl-rat  ti/UU 	 Fb1, F:1 , 

18912-80-6 	5.6(calc.) 	 mg/24h MLD mg/24h MOD uUkg 	ug/kg 	 ppm/6h 	 106C (cc) .98-10.7% 233-252 R:0 
eye-rot D mg 	 10 

SEV; 20 mg orl-rat 6560 	 93.3 (oc), 
.06(25); 	1.4258(27); 	 SEV, 20 	mg/kg; 5660 skn-rbt 4120 	 110 (oc); 	 H:1, F:2, 

112-34-5 	5.58 	.02(20) 	1.4316(20) 	 mg/24h MOD mg/kg 	mg/kg 	 100 	.85-24.6% 227.8; 204 R:0 

111100-77-4 	 1.407 	 65 
on-rat 3(11.1 

15764-24-6 	5.6 	.04(25) 	 mg/kg 	 90.5 (soc) 

112-49-2 	 111 	 x 
<.01(25b, 	 eye-Mt WU 	on-rat t/bU en-rbtd 	 H:0, F:1, 

112-50-5 	6.1 	<.001(25) 	1.436(25) 	 mg MLD 	mg/kg 	mUkg 	 143 (oc) 	 R:0 	x 
on-rat 25-34 	 H:1, F:1, 

112-60-7 	 9/k9 . 	 182.2 	 R:0 

18495-23-3 	 1.4380(20) 

on-rat 4930 

	

682-11-1 	 mg/kg 
on-rat 1U 

	

88917-22-0 	6.6 	.0836(20) 	 g/kg 

17071-52-2 
1969-43-3 
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on-rat 101u skn-rot bbbU 
29911-27-1 	 uUkg 	uUkg 

on-rat) cou 
mg/kg; orl- 

skn-rbt 455 	 mus 1697 	 " 
13021-54-0 	 mg/24h MLD eye-rbt 91 mg mg/kg 

.0035(19) 	 011-151 5/ 	slm-rbt 2.15- 	 H:2, F:1, 
124-16-3 	6.1 	(cale) 	 g/kg 	2.8 glkg 	 121 (oc) 	 265 	RO 

23783-42-8 

c-« 
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