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EXECUTIVE SUMMARY 

The Local Hazardous Waste Management Program in King County, Washington 

(LHWMP) works with local dry cleaners to help them appropriately store, use, and 

dispose of their process chemicals and waste streams. 

Several new solvents are appearing in the King County dry cleaning market as businesses 

transition from using perchloroethylene (PERC).  The most frequently used alternative to 

PERC in King County is a high flash point hydrocarbon called DF2000
TM

. 

The chemical composition and toxicological properties of substances assigned the same 

Chemical Abstract Service (CAS) number as DF2000
TM 

vary considerably, depending on 

the raw material and production process.  Consequently, a sample of DF2000
TM

 solvent 

was analyzed for the presence of relatively toxic, light aromatic hydrocarbons. 

Relatively little aquatic toxicology information is available for DF2000
TM

.  

Consequently, LHWMP staff collaborated with the King County Environmental 

Laboratory (KCEL) to derive an LC50 for this solvent using an acute fish toxicity test.  In 

this case, the LC50 is defined as the median lethal concentration of solvent that kills 50 

percent of the test fish within 96 hours. 

DF2000
TM

 was confirmed to be a complex mixture of aliphatic hydrocarbons with carbon 

chain lengths predominantly between C-10 and C-12.  Although substituted alkanes of 

less than C-10 were present at low concentrations, neither benzene nor toluene were 

detected. 

It was not possible to define an LC50 because DF2000
TM

 failed to kill fish at the highest 

tested concentration (5000 mg/L).  Consequently, this solvent is less toxic to fish than 

PERC (LC50 = 5.0 mg/L) and Solvon K4
TM

, which is an acetal product also used in dry 

cleaning operations (LC50 = 45.7 mg/L).  This lack of toxicity likely reflects DF2000
TM

’s 

low water solubility.  Based on this low toxicity, unused or off-specification DF-2000
TM

 

that requires disposal would not designate as Dangerous Waste in Washington state. 

 

.  
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INTRODUCTION 

Dry cleaning solvents 

In 2010, the Local Hazardous Waste Management Program in King County (LHWMP) 

conducted a survey of the dry cleaning industry, which revealed that PERC is the most 

commonly-used solvent in King County.
(1,2)

  However, 21 percent of shops were using a 

relatively high flashpoint “hydrocarbon” solvent.
(1,2)

   

Modern petroleum-based hydrocarbon dry cleaning solvents include Shell Hydroclene
TM

, 

ExxonMobil DF2000
TM

, and Chevron-Phillips EcoSolv
TM

.
(3)

  The most frequently used 

hydrocarbon solvent in King County is DF2000
TM

, which is a hydrotreated aliphatic 

hydrocarbon.  The Chemical Abstract Service (CAS) number for DF2000
TM

 is 64742-48-

9 and the flash point is 147 °F.
(3,4)

  Although the flash points of these modern 

hydrocarbons are relatively high, they are more flammable than PERC and are generally 

classified by the National Fire Protection Association (NFPA) as Class IIIA solvents (i.e., 

flash points at or above 140 °F and below 200 °F). 

The CAS number assigned to DF2000
TM

 is typically used to describe “Naphtha, 

Hydrotreated Heavy (Heavy Aromatic Distillates)” or “Naphtha (petroleum), 

hydrotreated heavy; low boiling point hydrogen-treated naphtha”.  According to the 

United States Environmental Protection Agency (EPA), the composition and physical 

properties of substances with the CAS number assigned to DF2000
TM

 can vary 

considerably, depending on the raw material and the production processes.
(5)

  

Consequently, it can prove challenging to identify toxicological data that describes the 

properties of a specific hydrocarbon product.  For example, a search of The Pharos 

Project database
(6)

 using CAS number 64742-48-9 revealed that this substance is 

regarded as a mutagen and a carcinogen in a European Union classification system.  

However, the supporting documentation
(7)

 states “The classification as a carcinogen need 

not apply if it can be shown that the substance contains less than 0.1 % w/w benzene”.  

Therefore, it is important to determine whether DF2000
TM

 and similar dry cleaning 

solvents contain hazardous aromatic hydrocarbons, like benzene. 

According to the Material Safety Data Sheets (MSDSs) for these hydrocarbon dry 

cleaning solvents, acute exposure can precipitate skin and eye irritation as well as central 

nervous system effects, such as drowsiness and dizziness, and even death.
(4,8)

  As volatile 

organic compounds (VOCs), these solvents may contribute to atmospheric ozone 

formation.
(9)

   

The MSDS for DF2000
TM 

states that “no specific ecological data are available for this 

product”.
(4)

  A search of The Pharos Project database
(6)

 revealed that substances with 

CAS number 64742-48-9 appear on Environment Canada’s Domestic Substances List 

(DSL) as being “Persistent, Bioaccumulative and inherently Toxic (PBiT) to aquatic 

organisms”.  However, it was not possible to identify the specific studies used to inform 

this PBiT designation.  No aquatic toxicity data were available for this CAS number in 

either the EPA’s ECOTOX database
(10)

 or the German GESTIS Substance database.
(11)
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Previous DF2000TM fish bioassay 

In August 2012, LHWMP and the King County Environmental Laboratory (KCEL) 

conducted a fish toxicity test on a sample of unused DF2000
TM

 solvent according to the 

Washington State Department of Ecology’s (Ecology’s) Biological Testing Methods for 

the Designation of Dangerous Waste.
(12)

  This test involved exposing juvenile rainbow 

trout to DF2000
TM

 for 96 hours at two concentrations (100 mg/L and 10 mg/L) in a “non-

renewal” static acute fish toxicity bioassay (i.e., Part A: Method 80-12).  DF2000
TM

 

failed to kill fish at the highest test concentration of 100 mg/L. 

Current study 

The goal of this study was to evaluate: 1) the hydrocarbon composition of DF2000
TM

 

solvent and 2) the toxicity of DF2000
TM

 at higher test concentrations than were used 

previously, based on measured concentrations in the test vessels.   
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METHODS 

Sample collection and storage 

LHWMP staff collected a sample of unused DF2000
TM 

product from a previously 

unopened five-gallon container that was purchased from a local supplier.  The lot number 

was 051021and the LHWMP-assigned sample number was SW121213-P01. 

DF2000
TM

 was decanted from the product container into three pre-cleaned 500 milliliter 

amber glass bottles via a glass filter funnel.  The filled containers were delivered to 

KCEL at room temperature.  A copy of the chain-of custody form is included in 

Appendix A.  Sample containers were then refrigerated in the dark at 4  2.0C until test 

initiation.   

Analysis of DF2000TM solvent 

All organic analyses were conducted by KCEL staff.  

A sample of unused DF2000
TM

 solvent was diluted in methylene chloride to a 

concentration of 200 g/mL (ppm).  This sample was analyzed via Gas Chromatography 

with Flame Ionization Detector (GC-FID) according to the Northwest Total Petroleum 

Hydrocarbon-Dx (NWTPH-Dx) method.
(13)

   

Because the FID is a non-specific detector, DF-2000
TM

 was also analyzed the sample via 

Purge and Trap Gas Chromatography-Mass Spectrometry (GCMS) using EPA Method 

EPA SW846 8260C (volatile analysis).  DF2000
TM

 solvent was diluted in methanol to 

yield a concentration of 10.74 mg/L.  One mL of this solution was then diluted with water 

to yield an on-column concentration of 214.8 g/mL.  Five mL of this solution was 

drawn into the Purge and Trap system and analyzed.  

Fish bioassay 

KCEL staff conducted the fish bioassay using juvenile rainbow trout (Oncorhynchus 

mykiss) in a 96-hour static renewal acute toxicity test between December 14
th

 and 

December 17
th

, 2013.  The experimental protocol (KCEL Standard Operating Procedure 

406v2) was derived from EPA’s Methods for Measuring the Acute Toxicity of Effluents 

and Receiving Waters to Freshwater and Marine Organisms.
(14)

  This protocol differed 

from the standard Ecology waste characterization method in that the concentrations of 

DF2000
TM

 in the test vessels were measured analytically and the test solutions were 

renewed after 48 hours. 

Complete methodological details are provided in KCEL’s Report on LC50 Toxicity 

Testing Conducted on DF2000 Dry Cleaning Solvent, which is provided in Appendix A.   

Briefly, the test was conducted using a serial dilution of DF2000
TM

 with nominal 

concentrations of 0 (control), 312.5, 625, 1250, 2500, and 5000 mg/L.  Ten rainbow trout 

were placed randomly into each test vessel; duplicates were prepared at each test 
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concentration.  After 48 hours, 80 percent of the test solution from each vessel was 

renewed with fresh DF2000
TM

 solution at the appropriate concentration.  

Samples of test solution (at nominal concentrations of 0, 1250, and 5000 mg/L) were 

collected for chemical analysis for DF2000
TM

 at 0, 48 (before renewal), 48 (after 

renewal) and 96 hours.  Extraction and analysis were performed according to the 

NWTPH-Dx method.
(13)

  Samples were extracted with methylene chloride for 

approximately 18 hours using EPA Method SW846 3520C (Continuous Liquid-Liquid 

Extraction) and then dried with sodium sulfate and concentrated.  Analysis was 

performed via GC-FID.  DF2000
TM 

was quantified using two different methods, to 

account for differences in volatility between the individual peaks (with potential loss of 

the more volatile, earlier eluting peaks).  The first method involved generating a 

calibration curve for the entire range of peaks within the chromatographic envelope.  The 

second method involved generating individual calibration curves for eight of the more 

predominant peaks within the envelope of peaks. 

Fish survival was monitored during the test and recorded at 0, 24, 48, 72, and 96 hours.  

Dissolved oxygen, temperature and pH were recorded for the samples and controls at 0, 

24, 48, 72 and 96 hours.   
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RESULTS 

Analysis of DF2000TM solvent 

A chromatogram from the GC-FID analysis of the DF2000
TM

 solvent is presented in 

Figure 1.  This solvent displayed chromatographically as a mound that contained multiple 

peaks.  Therefore, DF2000
TM

 was confirmed to be a multicomponent hydrocarbon, with 

carbon chain lengths predominantly between C-10 and C-12.   

Analysis via GCMS confirmed the GC-FID analysis (see Figure 2).  Although several 

peaks representing substituted alkanes were identified below C-10 in the GCMS analysis, 

neither toluene nor benzene was detected in the solvent sample. 

Fish bioassay 

As shown in Table 1, 100 percent of fish survived for 96 hours at all test concentrations.  

The DF2000
TM

 formed an immiscible layer at the surface of the test vessel. 

 

Table 1. Fish toxicity testing results for DF2000TM solvent 

Nominal 
Concentration 

(mg/L) 

Measured 
Concentration 

(mg/L)
a
 

Percent Fish Survival Percent Fish 
Survival at Test 

End 
0 h 24 h 48 h 96 h 

0 <RDL
b
 100 100 100 100 100 

312.5 -- 100 100 100 100 100 

625 -- 100 100 100 100 100 

1250 <RDL
b
 100 100 100 100 100 

2500 -- 100 100 100 100 100 

5000 <RDL
b
 100 100 100 100 100 

a
Sample collected at 0 h (i.e., test initiation) 

b
Reporting Detection Limit 

 

When samples were collected at test initiation (i.e., 0 h), none of the DF2000
TM

 

concentrations exceeded the Reporting Detection Limit (RDL) of 236 g/L.  A more 

detailed description of the analytical results is provided in Appendix A and 

chromatograms for samples collected from the test vessels are presented in Appendix B. 
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Figure 1. Chromatogram from GC-FID analysis of DF2000TM solvent 
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Figure 2. Chromatogram from GCMS analysis of DF2000TM solvent 
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CONCLUSIONS 

DF2000
TM

 solvent was confirmed to be a multicomponent petroleum hydrocarbon that 

does not contain relatively toxic aromatic hydrocarbons, like toluene and benzene. 

It was not possible to derive an LC50 for DF2000
TM

 because no fish mortality was 

observed at the highest test concentration of 5000 mg/L.  ExxonMobil states that the 

solubility of DF2000
TM

 in water is less than 0.01% at 77 °F.
(4)

  Consequently, this limited 

water solubility is likely responsible for the lack of fish mortality.   

In a previous study, LHWMP and KCEL derived an LC50 of 45.7 mg/L in rainbow trout 

for another solvent alternative to PERC, called Solvon K4
TM

.
(16)

  This product is part of a 

relatively new dry cleaning process called System K4
TM

.  Solvon K4
TM

 is composed 

primarily of butylal, which is a diether acetal.
(15)

 

The LC50 value for PERC in fish presented in Ecology’s Washington Dangerous Waste 

Designation Tool,
(17)

 is 5.0 mg/L.  This value is consistent with data presented in an EPA 

document, which states that the 96-hour LC50 values for rainbow trout are 5.0-5.8 

mg/L.
(18)

 

Consequently, the potency of unused dry cleaning solvents towards rainbow trout is: 

PERC > Solvon K4
TM

 > DF2000
TM

.  Unlike the other two solvents, unused or off-

specification DF2000
TM

 product that requires disposal would not designate as Dangerous 

Waste in Washington state. 
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DF2000
TM

 standard at 200 mg/L Test vessel solution at a nominal concentration of 1250 mg/L, collected 
after 48 hours.  Note that Peaks 1-6 are significantly lower in response 
compared to Peak 8, indicating loss of more volatile constituents. 




