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INTRODUCT ION

The National Institute for Qccupational Safety and Health (NIOSH) is the
primary Federal organization engaged in occupational safety and health
research Lecated in the Department of Health and Human Services (DHHS),
NIOSH was estahlished by the CGccupational Safety and Health Act of 1970  This
lepislation pandated NIODSH teo conduct a number of research and education
programs separate from the =ztandard setting and enforcement functions carried
cut by the Occupaticnal Safety and Health Administration (CSHA), which is
located in the Department of Labor (DOL) An impertant area of NIOSH research
deals with methods for controlling cccupational exposure to potential chemical
and physical hazards The Engineering Contrel Technolegy Branch {ECTB) of the
Division of Physical Scilences and Engineering has been given the lead within
NIOSH to study the engineering aspects of health hazard prevention and

control

Since 1976, the Engineering Control Technology Branch has conducted a number
of assessments of health hazard contrel technology on the basis of industry,
common i1ndustrial process, or specific control techniques  The ohjective of
each of these studies has been to decument and evaluate effective contrel
technigques for potential health hazards in the industry or process of
interest, and to create a more general awareness of the need or avallsbility
of an effective system of hazard contrel measures

These studies imvelve a number of steps or phases  Initially, a series of
walk-through surveys 1z conducted to select plants or processes with effective
and potentially transferable control concepts or techmiques  Next, in-depth
surveys are conducted to determine both the control parameters and the
effectiveness pf these contrels  The reports from these in-depth surveys are
then used as a basis for preparing technical reports and journal articles on
effective hazard control measures Ulrimately, the information from these
research activitles bullds the data base of publiely available information on
hazard contral technigques for use by health professionals who are respeonsible
for preventing occupational 1llness and injury

This study 1s part of a NIOSH initiative directed toward reducing the
incidence of work-related diseases among workers employed by small businesses,
particularly occupational lung disease, occupational cancer, ocecuparlionally
related cardiovascular diseases, diseagses due to neurotoxic agents, skin
disease, hearing loss, and work-related injuries Since many owners of small
businesses lack basic knowledge regarding potentlal health effects and safe
handling procedurss, and at the same time are, for the most part, not subject
te regular OSHA i1nspections, a concentrated esffort en the part of NIOSH {s
necessary to implement these stratepgies in the small business secter  ECTIR is
in part responsible for developing recommendations for cost-effectiwve
englneering, adminlstrative, and personal pratective controls for small
businesses

This particular research effort was prompted by the growing concern of the
hazards of methyleme chleride (GHyCl;, Dichloromethane, or DCM} and the need
for technical advice to furniture strippers  Furniture Is stripped using a
solution containing mostly methylene chloride and methanol — NIOSH has
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recomngnded that methylene chloride be considered a potentlal buman carcinogen
it the workplace ' NIOSH further recommended that methylenme chloride be
contralled te the lowest feasible limit 2 Therefore, this study evaluates
rhree local ventilation systems which usge solution recyeling-type furniture
stripping tanks for worker’s exposure to methylene chloride  This study
evaluates these local ventilation systems to general room ventilation and alse
compares temperature effects on the stripping solution This report will
explain the stripping facility, ventilation systems, ssmplaing techniques,
results, and recommendations

FACILITY DESCRIPTICH

Ewick Kleen Industrial Soclvents, Inec produces, sells, and distributes
furniture stripping solutiocns to cover 2,000 furniture stripping shops  Cver
99% of the shops use ome or more methylene chloride-based strippers  Kwick
Kleen estimates that they have between 10 to 15% of the stripping solution
market Kwick Kleen has a furniture stripping room in their faeility which is
used for testing of stripping solutions and ventilatien systems The
stripplng room contains a flow-over tank®, a rinse tank, a water purification
tank, and & spray paint booth  The floer plans of the stripping room are
presented 1n Figure 1  There are deors at either end of the furnmiture
stripping room There 1s a garape door at one end leading outalde te part of
the loading dock and there are double doors which lead to the warehouse and
shipping area The stripping tank 1s located in ane corner of the 15- by
40-foot room  Adjacent to the strippilng tank 1is the rinse tank and the water
purification system

Ewick Kleen produres and sellg many different kainds of furmiture stripping
selutions Their highest volume seolution is Ne 123, which contains methylene
chloride, methanpl, and sodium hydroxide  They produce other solutions in
smaller quantities, which are special purpose strippers for & specilal type of
wood or Finish  Besides the stripping solutions, they stock and distribute
other products used by furniture strippets, such as gloves, brushes, tanks,
aprons, fimishes, etc Kwieck Kleen also has a2 lab in which they test their
solutions for gquality control purposes, ability to work on the furniture
finishes, and ability of the vapor retardant to form while using the chemical

PROLCESS DESCRIFTION

Furniture stripping operations strip furniture to lts original wood In order
to put a new finish on the furnmiture  Furniture to be stripped may come from
instituetions, businesses, or individuals The age of the furniture may vary
from antique to modern The finish may also vary from paint covarings to
stains or varnish Size may also vary from large cabinets to small stools
Furniture must be stripped so that all the finilsh is carefully remcved from
every crack so that the wood 1s not damaged i1n any way  Furniture stripping
15 a process which must be flexible to accommodate different sizes, types, and
different finishes of furpiture while still protecting the wood for i1ts future
finish
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In response to the wvariability of furniture to be stripped, this facility uses
a large, open tank called a Flow-over tank®, which was designed, marketed, and
patented by Ewick Kleen The stripping process 1s relatively simple  cover
the furniture with stripping selution, let the sglutien work on the finish,
brush over the piece, rinse the solution off the plece, and sec it aside

The tank 1s made of galvanized steel and 153 & by 8§ feet The lip of the tank
stands 3 feet from the floor, with depth In the tank ranging from 9 1nches to
13 inches The bottom of the tank 1s sleped with a drain at the low end
Along with the open tank, there 15 a solution recycling system The system
includes a S-gallon pail, a pump, and & brush with plastic tubing connecting
the three  The pall i1s located under the drain in order to catch the used
solutien  Sclution 1s pumped from the pasil out through the brush and into the
tank, which returns the solution back to the pail through the drain

Kwick Kleen Ne 125 was the solution used at this facility  The scrippiag
solution is made of mecthylene chloride, methanol, and sodium hydroxide There
15 also wax or paraffin in the solution which acts as a vaper barvrier  The
selution was made so that when the solution 1s covering @ piece of furniture,
the wax forms an outer barrier in order to prevent excessive evaporation of
the chemical Xwick Kleen, whe manufacturers this solution, recommpends che
solution’s temperature be between 70 and 85 *F  When used in this temperature
range, the wax 1s allowed to form a vapor barrier on the surface of the liquid
while some wWax 1s suspended 1n the stripping solution

When actually stripping. furniture is placed 1nto the tank and covered with
the solutien  The aolution begins to work on the furnlture  When the
solutien 1s working, the finish begins to bLlister The plece 1s brushed,
turned, and recovered with sclution as needed Once the finish 1s removed
from the piece, the stripping solution must be rinsed off

The rimse tank at this facility 1s made of galwanized steel, 1t 13 an open
tank with two side pamels which enclose one side and one end The tank 1is
mads to capture the run-off water helew the area that the piece 1s rinsed
There 1s a platform which 15 2 feet from the floor where the plece 1s rinsed
The platform has openings on the sides for the water teo collect below  The
water 15 sprayed in the direction of the side panels, so that all water 1is
captured

Once the piece 12 rimsed, 1t 15 sprayed with an aqueous oxalic aecid solution
while sti1ll on the rinse tank The acid 1s sprayed on the furniture after
stripping to lighten the wood to 1ts original colorxr

Finally, the piece 1s set &side to dry Once dry, the piece will be sanded
and finished

The hoed ventilation system consisted of three enclosed sides (back, right,
and left) with a slot which opened upward at the base of sach side {see
Figuves 2 and 3}  Air 1s exhausted froem che tank work area through the upward
facing slot which 1= lacated at the edge of the tank on three sides  These
slots were to capture the air at the tank level On the sidesy of the hood
were baffles to cut down on cross drafts and to get fresh air to come 1in
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through the front of the tank  There were twa fans cunnected to this system
in series

The PVC pipe wventilation system consisted of twe PVC plipes with openings
facing downward at the front right and back right corners of the tank (see
Figures 4 and 5) The PVC pipe was 6 Inches in diameter From the edge of
the tank, the pipes made a 90 degree turn to horizontal, then came together
perpendicularly into one pipe of the same dismeter and went down to the floor
and into the bottom of a rectangular plenum The plenum is on the wall and 1is
2 feet wide and 10 inches deep and goes from about 2 feet off the floor to

6 fest from the fleor There 1s a fan exhausting from this plenum to the
outside

The floor ventilarion system (Setup 3) consisted of a plenum on the wall
behind the flow-over® tank with the opening of the plenum facing downward
about 2 feet from the floor (see Figures 6 and 7) The tank was pushed
against the plenum which was about 2 feet wlde by 10 inches deep The plenum
went up to 6 feet from the floor, where there was a fan which exhausted to the
cutside This system exhausted the air which 1s at the flcor level Whereas,
the first twec =ystems exhaust air at the source

POTENTIAL HAZARDS

Potential chemical hazards 1n the furniture stripping Iindustry are found
whenever an i1ndividual 1s 1n contact with the stripping solution, which
contains a mixture of methylene chloride, methanol, and sedium hydroxide (70,
25, and 1% by volume, respectively) > Exposures are found during the actual

EXHAUST TO
ExHausT f%

Figure 4 FVC Pipe Ventilation System

b



CElL NG

B0

3 K
& N
&
7 -
& .
TANK [

L
=

DUTS1DE WaLL

Figure 5 S1de View of PVC Pipe Venrilation System
Figure & Floor Ventilation System




[E1L Lhie

™
P,
Ik
N
pt™.
= 4
N\ F
b o
ut =
a
N ©
Y ©
TANK g
[
k\\ OPEN! NG
"“\-__‘_____4-"
N
Shea
Figure 7 S1de View of Floor Ventilation System

stripping, rinsing, or moving of furniture, as well as when transferring
stripping solutions from the evaporaticn of the sclution The major routes of
entry of methylene chloride and other solwvents into one's body includs
inthalation of vapers into the lungs and absorption of the liquid through the
skin

Methylene chloride was once reported to be the least toxic of the chlorinated
methanes  Health effect studies have been focused on three primery areas
effects on the central nervous system, effects on cardiovascular morbidity and
mortality, and induction of cancer in exposed workers More recent research
has shown methylene chloride to be a possible rveproductive toxicant In
addition, solvents are known to affect liver function, and some studies
address whether this effact occurs secondary to methylene chloride exposure

Central Nervous System Effects

The short-term health effect of methylene chloride most frequently cited in
the literature 1is a depressant effect on the central nervous system  Exposute
results in narcosis, and symptoms of lightheadedness, lethargy, and
disequilibrium These symptoms are similar to those seen with other organic
solvents

The first reports of the effects of methylene chloride on the neurologlc
function of humans were from 1ts use 1n the 1920's as an anesthetic  Recent
studies have looked at the sffects of short-term methylene chloride exposure



on neurcpsychological function Levels of exposure as low as 200 ppm of
methylene chloride caused diminished perfermance in an eye~hand coordination
exercise, and in an auditory vigilance test *

There 1s not extensive data on the central mervous system effects of methylene
chloride It 1s reasonable to assume that 1t can cause the same degres of
neurotoxicity demonstrated from expesure to other chlerinated solvents and to
carbon monexide, and can potentially cause chronle irreversible brain

damage °

Cardiovascular Effects

Methyiene chloride 1s metabolized in the body to carbon monoxide and carben
dioxide Tt 1s reasonable to suspect that the cardiovascular health effects
kncwn to cccur from carbom monoxide exposure may oceur with methylene chloride
exposure as well Carbon monoxide binds to the hemoglobin of red bleod cells,
and prevents the binding of oxygen The capacity of the cardiovascular system
to carry oxygen to the tissues depends on this binding, so cerbon monoxide
exposure can lead to dearh from lack of oxygen This can also precipitate a
heart attack 1n a susceptible individusl The exposure to carbon monoxide can
be dstermined by measuring the carboxyhemoglobin during or shertly after
cessarion of exposure

Increased carboxyhemoglobin levels have been associated with a decrease in
maximum exercise capacity and oxygen utilization ¢ Men, who were known to
have underlying corcnary artery disease and exposure to carbon monoxide,
experienced a shorter time between exercise and the onset of cardiac-induced
chest pain 7

There have been two epidemiologic studles, which specifically Investigated the
cardiavascular mortality and morbidity of populations exposed to methylene
chloride The first examined the proportional mertality ratios of persomnel
at Eastman Kodak # The authors found that the population exposed to
methylene chloride had a lower overall mortality, and lower cardicvascular
mortality than the New York state population, in addition they found no
difference in death rates between the exposed and an unexposed Kodak group
This study was limited by the faect that there were only a total of 45 deaths
in the group of workers, with over 20¢ years since their firat exposure to
methylene chloride In addition, all workers who ever worked with methylenc
chloride were included, leading to the possibility that significant dilution
of any effect may have resulted

The second study was of Dow Chemical employees, some of whom were exposed to
methylene chloride 1n a fiber production plant which used methylene chloride
and acetone as solvents, the unexposed cohort group worked in a similar
facility and used acetone alone * Two Dow exposure groups existed, in one,
workers were exposed o an 8-hour time-welghted average of 140 ppm methylene
chloride, and in the other, to 475 ppm  Based on a review of death records,
the authors concluded that there was no evidence of iLncreased cardiovascular
mortality or morbidity, but another author stated that there 1s some very
suggestive evidence in the paper that leads to the opposite conclusion  For
instance, there were only 50 total deaths 1n the cohort mortality study, and
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only 14 cerdiovascular deaths The exposed group had an elevated relative
riek for cardiovascular death when compared to the nenexposed population, and
both had lower cardiovascular mortality, but a more conservative
interpretation would be that it suggests an increased risk from methylene
chloride exposure ¢ A subset of the study laoked at carboxyhemoglobin

levels 1n exposed workers  The carbaxyhemoglobin levels taken before work
increased as the week progressed, demonstrating that the clearance time for
the carbon monoxide secondary to methylene chleride metabolism is greater than
24 hours

Carclnogenliclty

The Natiomal Toxicology Program (NTP) 1inhalation bioassay of methylene
chloride was conducted on F344/N rats and BEC3Fl mice  The exposure
concentrations used were O, 1,000, 2,000, or 4,000 ppmn for rats and 0, 2,000,
or 4,000 ppm for mice, for a peried of 2 years The reviewers concluded that
under the conditicns of the inhalation studies, there was "seme evidence eof
carcinogenicity” of methylene chloride for male rats as shown by an increased
incldence of benign neoplasms of the mammary gland There was "clear evidence
of carcinogenicity" of methylene chloride for female rats as shown by an
inereased incidence of benign neoplasms of the mammary gland There was
"clesr evidence of carcinogenicity” of methylene chloride for male and female
mice as shovn by an increased incidence of alveolar/bronchiolar neoplagms and
hepatocellar neeplasms *?

The U § Environmental Protection Agency (EPA) has classified methylene
chloride as a Prabable Human Careinogen (Group B2) The EPA Probable Human
Carcinogen classification {Group B) 12 used when there is sufficient evidence
of carcinegenicity 1in animals and evidence of carcinegenicity from
epideminlogical studies that ranges from "almost sufficient te 1nadequate ™
The category ts divided into higher {Group El) and lower (Group B2) degrees of
evidence The Bl category is reserved for these agents for which there is at
least some lLimited evidence of carcilnogenicity to humans from epidemiological
studies In the absence of adequate data in humans, 1t 15 reascnable to
regard agents for which there 1s sufficient evidence of carcinogemnicity in
animals as probable carcinogens in humans  Agents for which there 1s
gufficient evidence from arimal studies but 1nsufficient evidence from human
studies are classified as B2 1%.13

Reproductive Toxicant

The NTP study alsa noted increased incidences of testicular atrophy in male
redents, and ovarian and uterine atrophy in female rodents exposed to
methylene chloride The report stated that these changes may have been
secondary to the extensive lung and liver neoplasia produced by the inhalatiom
gxyposure

Locally, tha Greater Cincinnati Occupational Health Climic reported four cases
of workers who had exposure to methylene chloride and who had both excesslive
serum levels of carboxyhemoglobin and low sperm counts '* As a result of

this finding, NI0OS5H conducted a small field study to confirm these results,
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however, a much larger cohart is needed to statistically validate the finding
of methylene chloride as a reproductive toxicant !*

ENVIRONMENTAL CRITERIA

As a guide to the evaluation of the hazards resulting in workplace exposures,
NIOSH field staff employ environmental evaluation criteria for assessment of a
munber of chemical and physical agents  These criteria are intended to
suggest levels of exposure to which most workers may be exposed up to 10 hours
per day, 40 hours per week, for a woarking lifetime without experiencing
adverse health effects It 15, however, impertant to note that not all
workers will be protected from adverse health effects if thelr exposures are
naintained below these levels A small percentage may experience adverss
health effects because of 1ndividual susceptibility, a preexisting medical
condition, and/exr a hypersensitivity (allergy) In addition, scme hazardous
substances may act 1n combination with other werkplace exposures, the general
environment, or with medication or personal habits of the worker to produce
adverse health effects even 1f the occupational exposures are controlled at
the level set by the evaluation criterion These combined effects are often
not consldered 1n cthe evaluation criteria Alseo, some substances are ahsorbed
by direect contact with the skin and mucous membranes, and thus potentially
increase the overall exposure  Finally, evalvation criteria may change over
the years as new information on the toxic effects of an agent become

availahle

The primary sources of envirommental evaluwation criteria for the workplace

are {1) NIOSH recommended exposure limits (RELs), (2) the Amexrican
Conference of Govermmental Industrial Hyglenists (ACGIH) Threshold Limit
Values {(TLVs®), and (3) the U S Department of Labor (0SHA)} permissible
exposure limits (PELs) Often, the NIO0SH RELs and ACGIH TLVs are lower than
the corresponding OSHA PELs  Both NIOSH RELs and ACGIH TLVs usually are based
on more recent information than are rhe OSHA PELs The OSHA PELs are required
to take 1nto account the feasibility of controlling exposures in various
industries where the agents are used, the NIOSH RELs, by contrast, are hased
primarily on concerns relating to the prevention of occupational disease In
evalusting the expesure levels and the recommendations for reducing these
levels found 1n this report, it should be noted that industry 1s legally
required te meest only those levels specified by the 0SHA PELs

A time-weighted average (TWA) exposure refers to the average aitrborne
concentraticen of a substance during a normal 8- to 10- hour workday  Some
substances have recommended short-tarm exposure limits or ceiling values which
are intended to supplement the TWA where there are recognized toxic effects
from high short-term exposures In 1986, NIOSH recommended that methylene
chloride be regarded as a "potential ocecupational carcincgen " NIOSH further
recommended that occupational exposure to methylene chloride bhe controlled to
the lowest feasible limit  This recommendation was based on the obsgervation
of cancers and tumors 1n both rats and mice exposed to methylene chloride in

air 1

Previously, the NIOSH REL for methylene chloride was 75 ppm, as a TWA for up
to 10 hours per day, 40 hours per week, with a 500 ppm peak exposure as
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determined over any lS~minute sampling period during the workday  This REL
was baded on the need to prevent sipnificant reduction in the oxygen carrying
capacity of the blood which affects the central nervous system 1%

The current OSHA PEL for methylene chloride is an 8-hour TWA concentration of
50 parts per million (ppm), with a ceiling concentracion of 1,000 ppm, and
maximuim peak concentration of 2,000 ppm for no more than 5 minutes within any
2 hours This PEL was derived from a standard recommended by the American
Standards Institute {(ANSI) and adopted in 1971 without rulemaking 2 1In 1986,
OSHA published an Advanced Wotice of Proposed Rulemaking  OSHA is considering
revising the present occupational health standard because of scientific
studies which have reported that inhalation of methylene chloride has caused
cancer 1n twa animal species Y7

The 8-hour TLV established by the AGCGIH is 50 ppm and ACGIH has classified
methylena chloride as a suspected human eareinogen This TLV was lowered from
100 ppm in order to provide a wider margin of safety i1n preventing liver
injury This level 18 recommended in the sbaence of sccupational exposure to
carbon monoxide The old TLV of 100 ppm 1s based on experimental data
chtained from male, nonsmoking subjects at rest The ACGIH stated that the
blood of workers who were exposed at 100 ppm of methylene chloride would have
carbosyhemoglobin levels below 5% 1n their blood Normal carboxyhemoglobin
saturation ranges from 0 4 ta 0 7% for nonsmokers and 4 to 20% for smokers
The ACGIH further cautioned that "concurrent exposures to other socurces of
carbon meonoxide or physical activity will require assessment of the overall
exposure and adjustment for the combined effect "'®

The WIGSH REL for methanol 1s 200 ppm, as a TWA for up to 10 hours per day,
40 hours per week, with a ceiling of BOD ppm averaged over a li-minute period
The current OSHA PEL for methanol {29 CFR 1910 1000 Table Z-1-4) 1s an 8-hour
TWA concentration of 200 ppm * The B-hour TWA-TLV established by AGGIH is
200 ppm, with a 250 ppm STEL 18

STUDY METHODS

The objective of this study was to evaluate the local ventilation systems
designed by Kwick Kleen Industrial Solvents, Inc for theit ability to
minimize the amount of mechylene chloride in which a worker is exposed Three
local ventilation systems were used 1n conjunction with a flow-over® furniture
stripping tank a hood ventilation system, a PVC pipe ventilation system, and
a floor ventirlation system The hood and PVC pipe ventilation systems were
praototypes set up for this study The floor ventilation system 1s the system
that Kwick Kleen normally uses and recommends to furniture stripping shops 17
The study strategy consisted of five dlifferent sampling setups or
configuratiens  During the setups, the ventilation system and temperature of
the solution varied in order to determine if there was an exposure difference
between setups when ventilation systems and stripping solution temperarure are
varied The temperature of the solutlon was normally kept at about 70 °F,
during the fifth setup, the temperature was loweraed using ice One of the
three ventilation systems were used durinpg esch setup except Setup &4, this
setup consisted of just general wventilation Table A shows the study

strategy
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Table A  Sampling Strategy
Date Setup Ventilation System Average Solution Number of
Temperature "F Chairs
7/31 1 Hood 70 9
801 2 PVC Pipe 70 9
8/01 3 Floar 70 g
B/02 4 Control 70 G
8/02 3 Floor 63 fi

We compared the temperature of the stripping scolution during Setup 3 to

Setup 3

lece

70 °F

During Setup 9, the solution pail was placed in & container with
The temperature during the third setup remained almost at a constant
The temperature during the fifth setup was at 70 °F for the first run

and then was finally lowered to 56 °F during the second run Figures & and %

show the change 1n temperature of the stripping solution over time for the
third and fifth setups, respectively
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Kwick Kleen was able to strip a large quantity of similar chairs for this
study All chairs were mads of the same wood, design, and finish  Therefoere,
the chairs required a similar amount of solution and time to remove thelr
finish  Personal air samples for methylene chloride and methanol were
collected side by side in the breathing zone of the worker for each setup
Also, a number of area samples for methylene chloride and methanol were taken
at the back wall of the =stripping room, the floor level, the flow-over® tank,
and the rinse tank For locations of area samples, see Figure 10  All
sorbent tubes were sent to DataChem {3alt Lake City, Utah) for analysis using
WI0SH Method 1005 for Methylene Chloride and NIOSH Methed 2000 for Methanol
Ventilation measurements were assessed using a Kurz Digital Alr Velocity Meter
Modael 1440-4 (Kurz Instruments, Inc , Monterey, California) to find the
velocity of the air at the face of the rtank

Sampling for methylens chloride was collected on two 50/100 mg charcoal
coconut sorbent sample tubes {(SKC 226-01, SKC, Inc , Eighty-four,
Pennsylvania) 1o saries Samples for methanol were collected on one 75/150 mg
s11ica gel sorbent tube (SKC 226-10, SKC, Inc , Eighty-four, Pennsylvania)
Sampling for both methylene chloraide and methanol was administered at a flow
rate of 0 02 liters per minute (lpm) using a personal sampling pump (F200a,

E I DuPont deNemours and Co , Ine , Wilmington, Delaware) Temperature of
stripping sclution was measured with a Bailey Digital Thermomster (BAT-8,
Bailey Instruments, Inc , Saddle EBrook, New Jersey} The signal was collected
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on a Rustrak® Ranger data logger (Gulton Industries, Imc , E Greenwich, Rhode
Island?

SAMPLING MEASUREMENTS

Figure 11 shows the personal exposures to methylene chloride during each
sampling perrod This is cthe graph of most concern, because these
concentrations relate direectly to the amount of methyleme chloride the worker
is exposed to using this control Setups 1, 2, and 3, which used local
venrilation at the recommended stripping solution temperature, all averaged
close to 200 ppm Setup 4, the control, had an average personal exposure of
close to 600 ppm, while Setup 5, which used the ceooled stripping solutlion with
a fleor ventilation system, had an average personal exposure of 373 ppm

DCM Exposure (ppml
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Bl Ssmpilng Perlod 1 Sampling Peciod 2 [ Sxmpling Perlad 3

Figure 11 Personal Expasure to Methylene Chleoride

Area samples were taken at the flow tank, the rimse tank, near the floor, and
at the back wall Figures 12, 13, 14, and 15 show the conecentrations in parts
per million {ppm) of methylene chloride for those areas during each sampling
period

The graph, Figure 16, titled "concentration at different heights" refexrs to
methylene chloride concentration during Setup 4 This graph shows that for
these concentrations the highest concentration of methylene chlorade is
located close to the floor  However, even at 6 feet high, the concentration
was still close to 500 ppm The second sampling period appears to be higher
for all heights because without the ventilation the room concentration seemed
to he increasing Methanol samples were taken in the breathing zone of the
worker to show personal exposures to methanol during furniture scripping
Methancl exposures during the Setups 1, 2, and 3 using the local
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Figure 12 DCM Concentration at Flow-Over® Tank
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Figure 13 DCHM Concentration at Rinse Tank
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Figure 14 DCM Concentration at Back Wall
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Figure 15 DCM Concentration at Floor Level
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ventilation systems averaged close to 40 ppm  While personal methanol
exposures durilng Setups 4 and 5 averaged 84 ppm and 56 ppm, respectively The
methanol exposures are shown in Figure 17  Appendix A shows sorbent sampling
tube results for sll methylene chloride and methanol tubes taken

Air veloeity measurements were taken on each hood to estimate the volume of
air the tank was exhausting The hood wentilation system, Setup 1, collected
fresh air from the top and front openings in the tank  The velocity of the
air entering across these planes was measured using the Kurz digital air
velocicy meter The average air velocity across the front plane was 19 feet
per minute (fpm) and that of the top was 16 fpm The amount of air going into
the tank at the front and top may not be enough to overcome random air
currents  Using these velocity measurements, the average amount of air
exhausted from the tank s 1,000 cubic feet per minute (cfim)

The exhaust volume from the PVC pipe, Setup 2, is approximately 1,000 cfm,
averaged using velecities from the openings of the two PVC pipes  The
veloeity at the two openings of the ducts was abeut 600 fpm  The average
veloclty measured across the top plane of the tank was approximately 8 fpm,
which 15 not significant in comparison to the scale measured (¢ to 500 fpm)
The one-third of the tank clesest to the PYC pipe had higher air wvelocities,
while the rest of the tank had very low velocities However, all of the air
velocities at the tank level were below 50 fpm, which is less than random air
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A circular hood epening will have a velacity less than 7 5% of the velaclcy at
the opening one diameter from the opening ?® Therefore, for the é-inch
ductwith 600 fpm velocity at the opening will have a velocity of less than 45
fpm at & inches from the opening

The floor wventilatiecn system, Setup 3, was being used fer dilutlen ventilation
rather than local ventilation because the methylene chloride concentrations
had to travel from the source down to the floor before being exhausted The
opening of the plenum exhausted about 1,400 cfm of alr This is the highest
volume of air exhausted shown from the three local ventilation systems
However, the location of this hoaod 15 on the fleor behind the tank, therefore,
it 15 not as close to the generation of the concentraticn of methylene
chlaride

A flow-over?® tank with no local ventilation (Setup 4) was the contral
situation This zetup was run to have a baseline in which to compare other
runs

The fifth setup used the floor ventilation system as In Setup 3, except the

temperature of the furniture stripping solution was lowered by placing the
stripping solution pairl 1n 1ce
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The weight of the solution was recorded for each setup 1n order to determine
1f the ventilation system had any effect on how much solution was used while
stripping The weights were recorded before and after a setup and slsc hefore
and after adding solution during a setup From the weights recorded, the
amount of solution used was computed Table B shows the weight and volume of
solution used during each setup There is not enough information to determine
1f the ventilation system had any effect on the amount of scolutlon used,
because there 1= only one repetition of the data for the setups which were
quite different  Although not conclusive for showing differences among
ventilation systems, this data does show approximately how much solution is
needed to Ztrip chalrs

Table B Amount of Selution Used for Each Setup
Ventilation System Number of Weight of Approximate
Chairs Solution Used Volume of
Stripped Solution Used
Heod 9 28 1h 15 5 o=z 30 gal
FVC Pipe g - -
Floor g 211 7 5 oz 2 2 gal
Contral ] 25 1b 10 5 o= 2 6 gal
Floor {(low Saln Temp) & 18 1b 1 o=z 1 8§ gal

S5TATISTICAL ANALYSIS

For each sampling period, data was obtained for persomal exposure, and for
area samples located at the back wall, the floor, the flow-over® tank, and the
rinse tank Objectives of the statistical analysis were to compare methylene
chloride and methanol exposure levels for the three ventilation systems used
in Setups 1, 2, and 3 to each other and to the control or general ventilation
system, Setup 4, Lo determine how each compared to envirommental criteria, and
to see 1f there was a difference associated with the temperature of the
golution The data included perscnal and area samples at four locatlons for
each sampling period of each szetup In each case, a separate analysis was
done for the area sample data and the personal sample data because the
perscnal sample data i1s the most i1mportant informacion for determining
&Xpa3ures

The breathing zone and area samples for methylene chloride were taken using a
modified NIOSH Method 1005  Twe 100/50 mg charcoal sorbent tubes were used in
series, therefore, for each sample taken there was a front and a back value
Most of the back samples were reported as "non-detectable" (ND) by the
analytical laboratory The data was snalyzed in two ways (1) By using the
analytical laboratory’s reported limit of detection divided by 2,% and

(2) By rgnoring the values reported as "non-detectable " While the first
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method’s analysis vielded slighcly mere precise results with lower levels of
statistical significance (1 e , "more" significant}, there were no substantial
differences in conclusions  Results for the first method of treatment are
repotted here  The breathing zone and area samples for methanol were taken
using NIOSH Method 2000

Methylene Chloride Concentrations

Perzonal samples taken 1n the breathinp zone of the wotker were looked at more
closely than any of the area samples because they are directly related to
worker expeosures For the methylene chloride data, the observed levels for
Setups 1, 2, and 3 did not differ te a statistically significant extent, but
the three were statistically significantly different from Setup 4 at the 0 05
level using the Scheffe’ meched for evaluating differences among all four
Betups For Setups 1, 2, and 3, the concentraticns the worker was exposed to
was under the OSHA PEL  However, these lewvels were higher than the ACGIH TLV
of 50 ppm  Alsc, 1t 1s not believed that these levels meet the lowest
feasible limit gurdeline NIOSH has set for methylene chloride  HNinety five
peccent simultaneous confidence interval estimates of the level of methylene
chloride by setup are shown in Table

— "
Tahle C Personal Exposure to Methylene Chlaride by Setup
9% Percent Simultaneous Gonfidence Intervals
Setup Ventilatien System Lower Lim:it Poiat Upper
Limit
1 Hood 147 227 352
2 PVC Fipe 125 183 293 !
3 Floor 137 212 328
& Coenttal 351 59? 1022 h

Setup 4 1s pver the OSHA PEL, as well as the ACGIH TLV (the upper
nonsimultanecus confidence limit, mot shown, 1= greater than 500 ppm) This
setup was run as a control for comparisen to the systems with local
ventilation

The area samples located at the flow-over® tank, the rinse tank, the floor,
and the back wall were used to compare the ventilation system’s ability to
dilute the amount of methylens chloride in the room There 1s at least one
difference among the four setups which 1s statistically significant {p< 0088)
Using the Scheffe' method of multiple comparisons, differences between Setup &
and Setups 1, 2, and 3 are significant However, differences among Setups 1,
2, and 3 are not significant using the least significant difference wmethad
None of the differences among Setups 1, 2, and 3 reached the 0 05
nonsimultaneous level for significance  Simultanecus 93% confidence interval
estimates for levels of methylene chloride for each setup criteria are shown
in Table D
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There 13 at least ome difference in methylene chloride levels among locations
which 1s statistically signmificant (p<0 0003) The area sample at the floor
level 1s significantly higher than the other three locations  BDifferences
among area samples at the rinse tank, the flow tank, and the back wall are not
statistlcally significant, using the Ryan-Einot-Gabrial-Welsh Multiple

F-Test 22 Simultaneous confidence interval estimates for the level of
methylene chloride at each locatien are shown In Table E for the average aver
the four setups

Table D  Area Concentrations of Methylene Chloride by Setup
Area Sample Data - Averaged over Four Areas
85 Percent Simultaneous Gonfidence Intervals _“
Setup Ventilation Number of Lower Mean Upper
Svstem Observations Limt Lamit
1 Hoad 12 21 68 221
2 FVC Pipe 12 30 98 318
3 Floor 12 37 120 390
4 entrel 8 158 667 2823
Table E  Estimated Area Concdentrations of Methylene Chleride

Simultaneous 95 Percent §cheffe’

Confidence Intervals

Logation Lower Limat Mean ilpper Limit
Floor 156 308 €10
Rinse Tank 67 132 262
Flow-0ver® Tank 51 101 199
Bachk Wall 35 69 136

N:

11 cbhgervations in each case

Because both the type of ventilation and the location within the stripplng

area were found to be statistically significant factors, estimated levels of
methylene chloride would depend on both the setup and the location  Ninety
five percent simultaneous confidence interval estimates for each combination
of setup and location are shown in Table F  See Appendix B for a description
of the methods used to obtain these wvalues
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Table F Estimated Methylene Chlaride Concentrations by Setup and
Location
95 Percent Bonferroni Intetrvals
Setup Ventilation Sample Location Lower Poinc Upper
System Laimit Limyit
1 Hoad Back Wall 11 37 121
L Hood Floor 49 164 544
L Hood Flow-Over® Tank 16 54 178
1 Hood Rinse Tank 21 70 234
2 PVE Pipe Back wWall 14 53 175
2 PVC Pipe Floor 71 236 TE3
2 PVC Pipe Flow-Ovear® Tank 23 77 256
2 PVC Pipe Rinse Tank 31 101 336
3 Flaor Back Wall 19 85 214
3 Floar Floar 87 290 960
3 Flacr Flow-Over® Tank 29 95 314
3 Floer Rinse Tank 38 124 413 ﬂ
& Control Back Wall 83 36l 1569
4 Control Floor 373 1619 7029
4 Gontrol Flow-Over® Tank 122 329 2298
4 Control Rinse Tanik 160 696 3020
Note The values in this table my appear 1ncomnsistent with those in
Tables D and E because all three tables used nonlinear
transfarmation of estimates for the log transfermed data

COMPARISON OF SETUPS 3 aND 5 FOR METHYLENE CHLORIDE

Setups 3 and 5 can be compared for the area samples taken at back wall, flow-
over® tank, and rinse tank and for personal samples  Setup 5 was identical to
Secup 3, which used floor wventilation, except that the stripping solutlon
bucket was put 1n i1ce water to cool it Thus, the comparison of Setup 5 to
Setup 31 should test the hypothesis that cecoling the solution makes no
difference for expesure while the alternative 15 that exposures are affected
by the temperature of the cooling sclution While 1t was hypothesized that
cooling would reduce exposure, a two-sided test 18 used in case the aetual
effect 1s that cooling 1ncreases axposure

24



Since all results were virtually identical whether the log transform was or
was nat used, results for the original scale are presented The setup by
locarion 1nteraction was not signmificant (p<0 54), which makes the test for
setup differences unbLrased

For the personal samples, Setup 5 had an estimated mean exposure of 374 ppm,
which was significantly (p<0 01) higher than the estimated 213 ppm for

Setup 3 The 95% confidence interval for the difference ranged from 72 ppm to
250 ppm with a meen of 161 ppm  Thus, exposures for the cooled stripping
soluctien were higher rthan when the stripping solution was warmed Personal
sample exposure differences for solution temperature differences are shown in
Table G

Table ¢ Personal Exposures to Methylene Chloride by Temperature of
Stripping Solution

Sheffe’a Confidence Intervals (95%)

Setup Average S1mul taneous Mean Simultanecus
Temperature Lover Upper
*F Confidence Confidence
Limat Limit
3 70 135 213 290
5 63 279 374 469

Methylene chloride concentrations for areas were lower for Setup 5 than for
Setup 3 (p<Q D45} The mean difference estimate waz 26 7 ppm while the 93
percent confidence interval ranges from O Gl ppm te 33 ppm  Confidence
interval estimates of exposure are shown by setup i1n Table H

Table H Area Methylene Chloride Exposure Levels by Temperature of
Stripping Sclution

95 Percent Non-Simultaneocus Intervals in PPM

Setup Temperature Lower Mean Upper
Confidence Confidence
Limit Limit
3 warm b5 82 99
5 caocl 34 55 76

Differences amonpg the three sampling locations were also statistically
significant {p<0 0007) and all pairwise differences among them were also
simultaneously significant using the Tukey methad 2? The simultanecus 93%
confidence intervals {(using the Scheffe' method) are shown in Table I  The
rinsa tank recorded the highest concentration at 95 ppm, followed by flow-
over® cank with 70 ppm, while back wall was lowest at 48 ppm
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Simuilraneous conflidence interval estimates for each setup and by esach sampling
location are shown 1n Table J

METHANOL CONCENTRATIOKS

There 1s at least one difference among Setups 1, 2, 3, and 4 (the control) on
methanoel concentratians recorded by the personal samplers which were
statistically significant (p<0 002) None of the contrasts - palrwise or
otherwlse - among the three modified setups, 1 e , Setups 1, 2, and 3, were
significant using even the most liberal tests at the 0 05 significance level
However, all pairwise contrasts between the contrel and the three modified
setups were simultaneously significant at the 0 09 level using the
conservative Scheffe’ mulrtiple comparison method  Simultaneous confidence
intervals are shown 1in Table K for all four getups and Setup 3

——1
Table I Estimated Methylene Chloride Levels by Sampling Location
95 Percent Simultaneaus Confidence Intervals (Scheffe' Method) 1n PPM
Location Simulranecus Mean Simaltaneous
Lower Confidence Upper Confidence
Limit Lamit
Rinse Tank 7G 95 111
Flew-Uver® Tank 54 70 26
Rack Wall 32 48 64
— i —

COMPARISON OF SETUPS 3 AND 5 FOR METHANOL

The ztripping solution was warm for Setup 3 and cool for Jertup 5 The
estimated perscnal sampler methanel concentrations for Setup 3 was 45 ppm,
significantly lower than that for Setup 5 at 67 ppm (p<0 00&) Sumul taneocus
confidence intervals for the two setups are shown in Table K

DISCUSSION

Persanal exposures to mecthylene chloride while using leocal ventilation systems
were about 200 ppm, while stripplung which was lower than the contrel system
which used nc local ventilatlon and had an average exposure of 600 ppm Ho
differences wers found amomg the three local ventilation systems tested in the
level of personal ewposute to methylene chloride and methancl  Therefore, the
systems with local ventilation were shown to be better for the worker by
reducing their sxposures Personal exposures to methylene chloride for the
setups using local ventilation were under the GSHA PEL of 500 ppm  However,
the exposure levels were higher than the ACGIH TLV of 50 ppm and these levels
de not meet the NIGSH recommendation of the lowest feasible limit
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Table J Estimated Methylene Chloride levels by Setup and Location in PPM
95 Parcent Simultanzoug Bonferroni Intervals
Setup Ventilat | Temperat | Lecation Lower Point Upper
1on ure Limit Limt
3 Flocr warm Back 33 58 B4
Wall
k] Floox warnm Flow- 55 81 106
Over®
Tank
K] Floor warm Rinse 80 106 131
Tanl
5 Floor Cool Bacl 3] 3z 63
Wall
5 Floar Coal Flow- 23 54 85
Over®
Tani
5 Floor Cool Rinse 4B 79 110
Tank
Table K  Estimated Methanol Personal Exposure Concentratlons
95 Percent Simultaneous Gonfidence Intervals in PPM
Setup Ventilatio N Siml taneso Mean Simultaneo
n us Lower us Upper
Confidence Confidence
Limzt Limit
1 Hood 3 24 45 57
2 FVC Pipe 3 28 50 7l
3 Floor 3 23 45 &6
4 Contral 2 67 94 120
5 Floor 2 40 67 93
No control system was demonstrably better than any of the others  One

explanation 1s that approximately the same amount of air was being exhausted

from the area in each of these cases

Even though these local ventilartion

gystems are better than the general wventilation system, they should not be

considered adequate ventilatlen systems for the furniture stripping industry
Methylene chloride exposures might be further reduced by exhausting a higher
volume of air through local ventilatiom
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stripped, other larger pieces of furniture or those with a more difficult
finish to strip may increase the exposures that were shown here

The hood ventilation system might be the local ventilation system offering the
mest promise of those shown here for further reduction of methylene chleride
eXposures The system has the abilicy to exhaust uniformly around the entire
tank as opposed to thé PVG pipe ventilation system which will only exhaust one
side of the tank Also, the hood wventilation system when exhausting enough
a1t will coufine the highest concentration of methylene chloride at the

source  Therefore, the methylene chloride vapors will be generated and
exhausted at the same location  The hood will be able to exhaust the
methylene chleride vapors before they have 3 chance te reach the worker's
breathing zone, as oppased to the floar ventilation syatem  Increasing the
amount of air exhausted should lower perscnal exposures to methylene chleoride
te wmprove this ventilation system  Increasing the exhaust volume to about
2,000 cubic feet per mioute (cfm) should be sufficient for the flow—opver® tank
area A rule of thumb 13 50 f{pm for each zquare foot of tank or 1,500 cfm for
this tank However, a slightly higher exhaust volume 1s recammended hacause
the front middle ¢f the tenk 15 so far from any of the slots  Ancther way to
lmprove this system may be te cover cthe top of the hood With the top
covered, clean air moving 1nte the exhaust system wiil be coming from the
front side where the warker 1s standing The worker will then be in a clean
air stream which will limit his exposure teo methylene chloride

The PYC pipe system for loecal ventilation was shown in this case to he
comparable to the hood wentilation eystem or the floor ventilation system
However, adding mere air vo the PVC pipe svstem will not reduce exposures much
because the middle and other end ef the tank will not bs effected Also, at
one dismeter from the opening of each duct, the air velocity 15 only 7 5% of
what 1t was at the opening Therefore, the amount of air exhausted would have
ta be 1ncreased more than 135 feasible 1in order to exhaust methylene chloride
vapors at the same rate they are generated

The floor vent:ilation system 13 able te keep up with the other two laeal
ventilation systems as far as exposure toe methylene chleride to the worker
However, 1in order to further decrease the worker’s exposure, this system 1s
probably not a good alternative by itself  The main problem 1s that before
the methylene chloride wapors can be exhausted from the floor, they have to
mave from the source to the floar Therefore, thete will be some
concentration of methylene chloride in the breathing zone

If rhe hood system seems te be too confining for the different types of
furniture being stripped, another recommendationt is to leook at a new
ventilation system design which exhausts more air than those systems tested in
this study A downdraft or slot hood system may be an alcernative  Figure 18
shows a combination of a tank with both a downdraft system and a slethood
system As long as the system 1s pulling enough air, one of these systems may
be sufficient

Setup 3 had lower levels of persenal methylene chlor:ide methanol exposures
than Setup 5 However, the area concentrations were higher for Setup 3  The
personal exposures and the area concentrations do not agree in this case The
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Figure 18 Combined Downdraft and Slothood Ventilation System

two setups were identlcal, except that the stripping solution was cooled to a
lower temperature for Setup 5 The temperature for Setup 3 remalned almost
constant at 70 °F, while Setup 5 was coaled from 70 to 36 °F For all setups
except five, the solution was kept in a bucker with a heatang belt around it
When the solution 18 cooled the wax, which 18 normally a vapor retardant,
thickens and precipitates  This thickening of the wax may cause the stripping
process to take longer and the sclution to evaporate faster because the wax
does not work as well as a retardant This study was done i1n the summer,
therefore, putting the solution on lce was Not excesslve because this
approximated normal conditions far winter menths without a heating belkt The
personal exposures which were higher while the solution was being cooled using
1ce may have occurred because of the worker's added attention to the solution
This attentiveness ta the solution might explain why the personal sample data
and the area sample data show opposite results More i1nformation 15 needed to
show whether or not the temperature of the scolution consistently increases or
decreases worker exposure and room concentratieon

It was shown that concentrations at the fleor level were higher than in any
other area regardless of the ventilation system This concentration may be
exaggerated because many times the worker spilled or dripped some solutlon
onto the floor possibly near where the sample was being taken  When
concentratiens are high in the room, generally mere of the methylene chloride
will gravitate to the flomor However, the intent of 1nstalling local
ventilation systems 18 to capture the merhylene chloride concentrations at the
gsource befere it has a chance te move towards the floorx or move about the raom
and possibly 1nte the breathing zone of the worker Instead of considering
ventilating the floor where concentrations may be higher, the source should be
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significantly ventilated to prevent high exposures on the floor or in the
breathing zone of the worker

CONCLUSIONS

Three local ventilation systems for furniture stripping have been compared to
general ventilation for worker’s exposure to methylene chloride  All of these
local ventilation systems {Setups 1, 2, and 3) were shown to be an improvement
over general dilutlon ventilation  Scripping furniture without loecal
ventilation (Setup &) 1s above the 0SHA PEL and the ACGIH TLV  Alseo, 1t 1s
believed that these levels do not meet the lowest Feasible limit guideline
NIQSH has set for methylene chloride With the lecal ventilation systems used
in this study, 1t 15 easy to accomplish the stripping accerding to the QSHA
PEL of 500 ppm  However, 500 ppm exposure to methylens chleoride is nov
considered safe by NIOSH The lecal ventilatlon systems considered here
should be improved in arder to locwar the personal exposures methylene chloride
to safer levels Increasing the amount of air exhausted local from the
sLripplng area 1s an easy alternative which might significantly reduce
exposures to methylene chloride, as well as enclosing the tank and ether tank
and ventilation system designs
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SORBENT SAMPLING DATA

APPENDIX A:
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APPERDIX B STATISTICAL METHODS

The assumptlon that setup by location i1nteraction was zero was supported by
the nonsignificant test of that effect (this assumption 15 necessary for the
validity of the rests for the effects of both setup and location,
respectively) Thus, the point estimates in the table for =setup by lacation
concentratlicens were computed by using the estimates for intevcept, setup
coefficrents, and location cecefficients from the fitted wodel for the log
transformed data  Under the simple error assumptions used, these estimators,
rather than the setup by location cell means, would be the unbiased with
minlmun varlance estimators of the concentrations by setup and locatlon

The estimated variances for these estimators were obtained by using the model
to determine the wvariances of the estimators and then obtalning a linear
function of the "between chairs” mean square error and the "location by
chalrs” mean square error to unblasedly estimate those varlances  The true
variance of the estimator for the concentration by setup and locatien 15 a
linear function of the "betwesn chairs" variance and the "pure error"
variance The "hetween chalrs" mean square error 15 a function of the
“between cheirs" varlance and the "pure errct" variance, while the "location
by chairs" mean square error i1s a4 function of only the "pure error" varlance

The standard error of an estimated setup by leocation cencentration was
obtained as the square root of the estimated variance The degrees of freedom
for the estimated standard error was approximated using Satterthwailte’s
approximation {see, for example, Scheffe’, 1559} Since 16 intervals are
estimated simultanecusly, 0 025 was divided by 16 and subtracted from 1 U for
the probability level required to assure 95% simultanecus confidence using the
Bonferroni approach  The SAS function, TINV, was used to find the critical ¢
value corresponding to the required probability level for the approximated
degrees of freedom A 95% simultaneous confidence i1nterval was obtalned by
multiplyving the critical & value by the estimated standard error and
subtracting and adding, respectively, the result frem the estimated setup -
location concentration

Finally, the originel scale values in Table D were obtained from the lag
transformed values by taking the anti-log of cach value and multiplying by the
anti-log of the estimated standard error squared The ratiocnale for the
logarithmie transformation was to reduce heterogeneity of wvariances and to
remove the setup by locstiom interaction for hoth the methylenme chloride and
the methanel data, not because there was reason to believe the data was
lognormally distributed, but exther motivaction would lead to the same
procedures

The variance of a setup by locatlan estimator of methylene chloride (for
1llustration) concentration 1s

V{setup % location est ) = [V¥{chairs) + 7%V(pure erxor)}/L6]/J
where V({x) = wariance of the randem wariable x,
7 = number setups + number locations - 1,
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nunber setups * number locations, and
J = number of chairs for the setup
The expected values of the relevant mean squares are
MS{chairs) - & % Y{chmirs) + V(pure error)} and
MS{location by setup) = WV{pure error)
Thus, EV (setup % location est } =
{MSE(chairs}/4 + 3*MSE{location by setup}/16}1/J

whoere EV(®) 15 the sstimated wvariance of x
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