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ACRONYMS AND ABBREVIATIONS 

 

°C Degrees Centigrade 

CAS Chemical Abstract Service 

CETIS Complex Effluents Toxicity Information System 

DW Dangerous Waste 

EHW Extremely Hazardous Waste 

EPA United States Environmental Protection Agency 

Ecology Washington State Department of Ecology 

°F Degrees Fahrenheit 

KCEL King County Environmental Laboratory 

LC50 The median lethal test concentration that kills 50 percent of test organisms 

LHWMP Local Hazardous Waste Management Program in King County 

mg/L Milligrams per liter 

NFPA National Fire Protection Association 

PERC Perchloroethylene 
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EXECUTIVE SUMMARY 

Dry cleaners are transitioning from using perchloroethylene (PERC) as their cleaning 

solvent to several non-chlorinated alternatives.  A new dry cleaning solvent, called 

Solvon K4
TM

, is gaining market share in King County and elsewhere in the United States.  

This solvent, which is also known as butylal, is part of a dry cleaning system developed 

in Europe, known as System K4
TM

.   

Relatively little toxicological information is available for Solvon K4
TM

.  Consequently, 

the objective of this study was 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. 

This study identified the first LC50 for Solvon K4
TM

 product in rainbow trout: 45.7 mg/L.  

Consequently, this solvent is less toxic to fish than PERC (LC50 = 5.0 mg/L), but more 

toxic than DF-2000
TM

, which is a high flash point hydrocarbon product also used in dry 

cleaning operations (LC50 >100 mg/L). 

Based on this LC50, unused or off-specification Solvon K4
TM

 product that requires 

disposal
 
would designate as Dangerous Waste (DW) with the waste code WT02 in 

Washington state.  This LC50 may also be used to designate waste streams originating 

from System K4
TM

 dry cleaning and other processes that generate butylal-containing 

wastes.   

 

.  
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INTRODUCTION 

Dry cleaning solvents 

Kerosene and other solvents have been used to dry clean fabrics since the mid-19
th

 

century.  Stoddard solvent was introduced in 1925, but this petroleum distillate’s 

flammability (flash point: 104 ˚F) prompted the industry to switch to perchloroethylene 

(PERC) in the 1960s.  PERC (also known as tetrachloroethylene or “PCE”) is essentially 

non-flammable and this chlorinated hydrocarbon is still regarded as one of the most 

efficient dry cleaning solvents.
(1)

 

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 still the 

most commonly-used solvent in King County.
(2)

  However, subsequent to the survey, a 

new dry cleaning technology appeared in King County, called “System K4
TM

”.  As of 

October 2013, five System K4
TM

 dry cleaners are operating in King County. 

System K4
TM

 was developed in Germany by Kreussler GmbH.  The dry cleaning solvent, 

Solvon K4
TM

, is composed primarily of butylal, which is a diether acetal.  Synonyms for 

butylal include dibutoxymethane, 1-(butoxymethoxy)butane, and formaldehyde dibutyl 

acetal.  The Chemical Abstract Service (CAS) number is 2568-90-3.
(3)

 

According to Kreussler GmbH, n-butyl alcohol (1-butanol) and formaldehyde are present 

in Solvon K4
TM

 at <0.5% and <0.05%, respectively.
(3)

  With a flash point of 143.6 °F,
(3)

 

Solvon K4
TM

 is regarded as a National Fire Protection Association (NFPA) Class IIIA 

solvent. 

The extent of worker exposure to butylal and the long-term health effects associated with 

using this solvent have not been well-characterized.  While the solvent is reportedly 

slightly biodegradable, there is little published information concerning its aquatic 

toxicity.
(3)(4)

 

Solvon K4TM toxicity testing 

In September 2011, LHWMP conducted a fish toxicity test on a sample of unused Solvon 

K4
TM

 product according to the Washington State Department of Ecology’s (Ecology’s) 

Biological Testing Methods for the Designation of Dangerous Waste.
(5)

  This test 

involved exposing juvenile rainbow trout to Solvon K4
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).  Solvon K4
TM

 killed fish at 100 mg/L, but not at 10 

mg/L (unpublished data).  Consequently, unused or off-specification Solvon K4
TM

 

product that requires disposal would designate as a Dangerous Waste (DW) with the 

waste code WT02 in Washington state. 

Although this previous study was adequate for waste characterization, it was not of 

sufficient quality to describe this solvent’s aquatic toxicity.  The principal shortcomings 

of this previous study are: 1) only two concentrations of Solvon K4
TM

 were tested and 2) 
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the reported test concentrations reflected the nominal solvent concentrations (i.e., it was 

assumed that 100 percent of the Solvon K4
TM

 added to the test system went into solution 

and that none was lost during the test).   

Consequently, LHWMP collaborated with the King County Environmental Laboratory 

(KCEL, Seattle, WA) to derive an LC50 from multiple test concentrations, based on 

measured concentrations of Solvon K4
TM

 in the test vessels.   
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METHODS 

Sample collection and storage 

A sample of unused Solvon K4
TM 

product was collected from a previously unopened 30-

pound product container on July 20
th

, 2012.  This solvent had been delivered to a local 

dry cleaner just prior to installation of a new System K4
TM

 machine.  The lot number on 

the product container was 6F20023001and the LHWMP-assigned sample number was 

SW072012-P01. 

Solvon K4
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  2.0C until 

test initiation.   

Test procedures 

Testing was conducted using juvenile rainbow trout (Oncorhynchus mykiss) in a 96-hour 

static renewal acute toxicity test between December 13
th

 and December 17
th

, 2012.  The 

experimental protocol (KCEL Standard Operating Procedure 406v2) was derived from 

the United States Environmental Protection Agency’s (EPA’s) Methods for Measuring 

the Acute Toxicity of Effluents and Receiving Waters to Freshwater and Marine 

Organisms.
(6)

  This protocol differed from the standard Ecology waste characterization 

method in that six concentrations of Solvon K4
TM

 product (five test solutions and one 

control) 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 Solvon K4 Dry Cleaning Solvent, which is provided in Appendix 

A.   

Briefly, the test was conducted using a serial dilution of Solvon K4
TM

 with nominal 

concentrations of 0 (control), 12.5, 25, 50, 100, and 200 mg/L.  Ten rainbow trout were 

placed randomly into each test jar; duplicates were prepared at each test concentration.  

After 48 hours, 80 percent of the test solution from each jar was renewed with fresh 

Solvon K4
TM

 solution at the appropriate concentration.  

Samples of test solution were collected for chemical analysis for Solvon K4
TM

 at 0, 48 

(before renewal), 48 (after renewal) and 96 hours.   

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 

As shown in Table 1, 100 percent of fish survived for 96 hours at nominal Solvon K4
TM

 

test concentrations between 0 (control) and 50 mg/L.  However, all fish exposed to 

nominal concentrations of 100 and 200 mg/L were killed within 2 hours of test initiation. 

 

Table 1. Fish toxicity testing results for Solvon K4TM product 

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 -- 100 100 100 100 100 

12.5 7.11 100 100 100 100 100 

25 15.2 100 100 100 100 100 

50 30.9 100 100 100 100 100 

100 67.5 0
b
 -- -- -- 0 

200 135.0 0
c
 -- -- -- 0 

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

b
All fish killed within 2 hours of test initiation 

c
All fish killed within 50 minutes of test initiation 

 

Chemical analysis of the test solutions at test initiation (i.e., 0 h) revealed that the 

measured concentrations were 57 to 68 percent of the nominal concentrations, which may 

reflect the performance limit of the analytical method for this chemical.  (Spike blank 

recoveries of 62% and 73% were noted when duplicate blanks of laboratory water were 

spiked with Solvon K4
TM

).  As described in Appendix A, the measured Solvon K4
TM

 

concentrations gradually declined over the first 48 hours, likely due to volatilization 

and/or formation of an immiscible solvent layer at the surface.  However, after the 

solutions were renewed at 48 hours, the measured concentrations were restored to those 

measured at test initiation.  By 96 hours the measured concentrations were again in the 

range found at 48 hours, before the test solutions were renewed.   

An LC50 was calculated using Complex Effluents Toxicity Information System 

(CETIS
TM

) software, version 1.8.6.6 (Endpoint: 96 h survival rate; Analysis: binomial 

method).  Based on the measured concentrations at test initiation, the LC50 for Solvon 

K4TM was 45.7 mg/L.  The lower- and upper- 95 percent confidence limits on the LC50 

were 38.4 and 54.4 mg/L, respectively. 
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CONCLUSIONS 

The LC50 derived for Solvon K4
TM

 product in this study (45.7 mg/L) is consistent with 

LHWMP’s previous evaluation, in which this solvent killed 100 percent of fish at a 

nominal concentration of 100 mg/L, but not at 10 mg/L.  This latest finding confirmed 

that unused or off-specification Solvon K4
TM

 product that requires disposal would 

designate as Dangerous Waste (DW) with the waste code WT02 in Washington state. 

LHWMP has also preliminarily evaluated another solvent alternative to PERC, called 

DF-2000
TM

.  This product is manufactured by ExxonMobil, and is a non-chlorinated 

hydrotreated aliphatic hydrocarbon with carbon numbers predominantly in the range of 

C6-C13.  The CAS number for DF-2000
TM

 is 64742-48-9 and the flash point is 147 °F.
(7)(8)

  

This class of dry cleaning solvents has gained considerable market share over the last 

decade.  As of 2010, 21 percent of shops in King County were using a high flashpoint 

aliphatic hydrocarbon solvent.
(2)

  When DF-2000
TM

 product was tested according to 

Ecology’s Biological Testing Methods for the Designation of Dangerous Waste,
(5)

 all fish 

exposed to 100 mg/L survived (i.e., the LC50 is >100 mg/L, based on the nominal 

concentration).  Consequently, unused or off-specification DF-2000
TM

 product that 

requires disposal would not designate as Dangerous Waste in Washington state 

(unpublished data).  

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

Designation Tool,
(9)

 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.
(10)

 

Consequently, the potency of unused dry cleaning solvent products towards rainbow trout 

is: PERC > Solvon K4
TM

 > DF-2000
TM

.  It is noteworthy that LC50 values for Solvon 

K4
TM

 and DF-2000
TM

 are not currently available in Ecology’s Washington Dangerous 

Waste Designation Tool.
(9)

 

In conclusion, the LC50 value derived for Solvon K4
TM

 demonstrates that this solvent is 

intermediate in toxicity between PERC and the aliphatic hydrocarbon, DF-2000
TM

.  

Using Washington state’s Dangerous Waste Regulations,
(11)

 this LC50 may also be used to 

designate waste streams derived from System K4
TM

 dry cleaning and other processes that 

generate butylal-containing wastes. 
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