The Fate of Ethylene Glycol
in the Environment

(Final Report) |

by
A. A. Abdelghani
A. C, Anderson
G. A. Khoury
S. N. Chang

Tulane University




TESHNICAL REPORT STANDARD PAGE

e Awoort Na. j i Gawrnaent Acoeshion M. Pt T
4 FHWA/LA-90/228 J
% Tite ane SuBUTM L Asoort Cace
FATE OF ETHYLENE GLYCOL IN THE ENVIRONMENT JANUARY 1990
o AMEITVSTLL) . ’ . &« Purtermcng Orppainition Asscr: Ne.
A.A. ABDELGHANI, A.C. ANDERSON N/A
G.A. KHOURY AND S.N. CHANG
2. Purtorming Qradisiion Mame Mg ASETIED 18. werx Unit na,
TULANE UNIVERSITY SCHOOL OF PUBLIC HEALTH & TROPICAL
MEDI-CINE 11, Cowtract or Grant Ma.
1430 TULANE AVENUE | NO. 87 - 1M(B)
N RLEAN 70112 13 TyDe of ROSOrT S Seres Coveres
13 Jsemionng Agency M wnd ASSCR
LOUISIANA DEPARTMENT OF TRANSPORTATION 1987 - 1989
AND DEVELOPMENT — —

3B SusEmensIary Moozl

THE STUDY WAS CONDUCTED IN COOPERATION WITH THE UNITED STATES DEPARTMENT OF
TRANSPORTATION FEDERAL HIGHWAY ADMINISTRATION.

16, ABSITACT

The Louisiana Department of Transportation and Developmant uses sthylens glycol (EG) as » deicing agent on bridges. This
mﬁymmmummwummwmmmm.uﬁmmmmmp The cbjectives of the
project. werse:

1. To determine the lavel of sxposure of workers spraying EG on bridges;

2. To monitor the level of EG in the atmosphers above sprayed Bridges;

3. To determine the aqueous concenirations of EG due to runcif of the chamical from sprayed bridges totluaqusticmhonmt;
4. To detarmine the effact of BG in the squstic enviroament including sorption capseity to soil, acute toxicity to bluegill sunflsh,

mmmmmmmmmmmwnwmw

Somae uﬂdudm Includs:

Alr samples collected above sprayed bridges contained far less EG than the Amarican Conference of Governmantal Industrial
Hygienista (ACGIH) recommended values;

EG concentrations in sedimant and watsr collected from areas under sprayed bridges wers below detection limits. EG did not
sdsorb to soils in laborstory sorption studies;

Common scil microorganisews readily degraded EG; -

Acutse toxicity valuss for crawfish, bluegill sunflsh and soil microrganisms were far above the axpectad environmantal concentration
resuiting from normal :pplientom.

In a bicaccumulstion study, crawfish did nat concentrate EG to levels above the water concantration. The smount of EG taken
up in crawflsh edible tiksues does not pose acuts health effects to humans. Oue would bhave to consuma 63,900 contaminated
aawflah or 384 kg of crawilsh edible tissues st cne time to be affected by EG toxicity;

In & depurstion study, crawflsh were able to completaly eliminate the accumulsted EG within § to 6 days.

Recommaendations:

1) While concentrations and toxicity of EG were low, care should still be ttkun in handling the compound. For example: s) all
applicators should stay inside the cab of tha spray rig and windows should be kept closed; b} Care should be taken to protect
the hands wearing gloves during handling of concantrated EG; ¢} It is advisable to stand upwind of the prevailing wind dirsction
when mixing EG to avoid aerasel inhalation; d) Spills and direct appiication of EG to water should be svoided.

2)  Acute studies on juvenile crawflsh and other aquatic species could be done to determine potentisl scuts «ffects on more sensitive
stages of the arganisms.
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ABSTRACT

The Louisiana Department of Transportation and Development uses
ethylene glycol (EG) as & deicing agent on bridges. This study was undertaken
to assess the impact of ethylene glycol on workers and the environment after
spraying.. . . T R R IR ey

Air samples collected above sprayed bridges showed that time -weighted
average EC values. ranged from <0.05 to 0.33 mg/u’® for aerosols and <0.05 to 10.4
mg/m3_ for wvapor. . Air samples, collected from the breathing zone of workers
applying the athylene glycol indicated ranges between <0.05 to 2.33 mg/n?, and
< 0.05 to. 3,37 mg/mi; for ‘aerosol ‘and -vapor respectively. ; All air sampleg
contained far less than  the American Conference of Governmental Industrial
Hyglenists’ (ACGIH) recommended values of 10 mg/m® EG aerosol and 125 mg/m® EG
vapor.

Ethylene glycol concentrations in samples of soils, sediment. and

water collected from areas under sprayed bridges vere. below det:eqtion limits,
In addition, ethylene 8lycol did not adsorb to soils collected from these sites
in laboratory sorption studies. .
. Common soil microorganisms (Serratia, Citrobacter and Pseudomonasg)
degraded ethylene glycol within 3 days with a rate of biodegr__adati_.on,ﬁgﬁtg 8.5
Hg/l/hr for 1% and 3% ethylene glycol concentrations.. Concentrations of g}:}iﬂ.eﬁp
glycol higher than 5% exerted toxic effects on the microbial population.

Acute toxicity studies on crawfish and bluegill sunfish showed a 96-
hour 10y of 91,430 mg/l for crawfish and 27,540 mg/l for bluegills. = The
toxicity to a mixed population of soil nicfoorganisms wvas also datemiﬂéd. " The
average toxic end point (LCsy) for microorganisms was 114,300 mg/l. .. Th_é':_actite
toxic values of EG found in these studies were far higher t:han the r_é.:r:'pe“cted
environmental concentration resulting from normal Department of ,_Trans;pbftﬁtion
and Development applications. o L S '

In a biocaccumulation study, crawfish were exp'qse&:_t;é; EG at_ three
concentrations (50 ug/ml, 200 pug/ml and 1000 ngkml)' for 61days and were
subsequently transferred to clean water for a 67-daydecont:am1nation phase,
During the uptake and loss phases, samples war._'e_" a_h_#lyied_ for EG (_ééﬁf"ent in gills,

it}




ointéstiﬁal tract and hepatopancreas. An open, one-compartment
t1¢31 ;;&e1 was developed to describe the uptake and loss phases data.
m“<  Bioaccumu1ation was dependent upon the concentration of EG to which
c;awfiéﬁ were exposed. The tissues did not concentrate EG to levels above the
' water: ¢oncentration. The order of bioaccumulation among tissues was:
gastrointestinal tract > abdominal muscle = hepatopancreas > gills. The
accumulation study showed that the amounts of EG taken up in edible crawfish
tissues (abdominal muscles and hepatopancreas) do not pose acute health effects
to humans. One would have to consume 63,900 contaminated crawfish or 384 kg of
edible crawfish tissues at one time to be affected by EG toxicity.
The depuration study showed that crawfish were able to completely
eliminate the accumulated ethylene glycol within 5 days for animals exposed to
50 ug/ml EG and 6 days for those exposed to 200 ug/ml EG and 1000 ug/ml EG,
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IMPLEMENTATION STATEMENT

While ethylene glycol showed low toxicity and low environmental’

concentrations, care should be taken in its application.

1) In this study ethylene giycol was detected in the air ihside"lffig’éépééyfﬁgf
truck at low levels., Although the concentration was much below the ACGIH:
recommended level, precautions should be taken. All ‘applicators ‘should
stay inside the cab and windows shoild be kept closed. '

2) Although there are few reports of'adverse effeécts from direct contact withit
the skin," care' ahduld be ;taka*h tor"prote'ct: the : hanqg;-gp); wearing . g}ggggf-;i
during handling of concentratod ethylane glycol
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3) It 1s advisablé’to éuaﬁdf*-ﬁﬁ'i%d“’dfﬁ: the ‘prevailing wind diréction:when
mixing ethylene glycol to avoid aerosol inhalation. Spraying rigs could,
be nodifiad (if possibla) 80 t:he nozzlee ate ‘at the blck of the truck!’:
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4) Regults of ef‘.ﬂylene glycol testing on crawfish and bluegills showed: low
acute toxicity; however, this doss riot précluds toxiefty o sehisr Boustis)
species. Therefore, spills and diréct spplication of ethylene glycol to

water should be avoided.
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INTRODUCTION:

Ethylene glycol (EG) is a colorlesd, odorless; viscous, water-soluble"
liquid with: & bitter: sweet. taste: (Mercic:Index; 1983)..: In> 1983 4.5 billion '
pounds were produced in the United States: (USITC Publicatior #1183)::” 'Ethylene
glycol fs-ised f£or'several purposesiv’ Itis uged as an’ antifreezé;-a deicing
agent on bridges and airport runways, and as a ‘solvent in the plastic fndustry
in manufacturing fiBers -(Merck Index; 1983); .+ 2 TR RISTE £ EN -

‘ ' Humah' exposures - to- ‘éthylena’ glycol by ingestion (Goodman et al:,
1980} Terlinsky, 1980;* Grant,: 1974);+inhalatidn: (Trofsii: 195077 Dubeikovika et .

1., 1973) and by dermal exposure (Dawson; 1976): are reported in: the 'literaturd.
Ethyle’n?em.-glycol'»z enters:. the . environment!:through! »effluents; i coming: : from
manufactuIng” thdustriesy? ‘mﬂlsv’*”lﬂ&{vthréﬁgh‘* itsouse: asi &’ d‘eicing' agent ‘on
bridges. airplanes and’airport runways. «dr iideso Bi woideli srowadd Clashee,

* This study:was undértikén to assess thé faté of athylone glycol in
the environment including: 1) potential exposure of workers applying EG, 2)
potential contamination levels in water, soil and sediment under éprayéd: E?idgéi S
3y 1ta foxicity - te “aquatic’organtsmss and- soil: nicroorganisns.‘ and 4y
bicaccumilation by ‘aqiatic organlsms:, 25 Nos oiulY sdawd g srhied sy *émf?{:&_ -
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OBJEGTIVES

The objectives of the project were:
1. To determine the level of exposure of workers spraying ethylene glycol on

bridges as a deicing agent,

2. To monitor the level of ethylene glycol in the atmosphere above sprayed
bridges.
3. To determine the aqueous concentrations of ethylene glycol due to runoff

of the chemical from sprayed bridges to the aquatic enviromment.

4. To determine the effect of ethylene glycol in the aquatic environment
including:
a. sorption capacity to soil
b acute toxicity to bluegill sunfish, crawfish, and microorganisms
c. bioaccumulation in crawfish
d biodegradation by soil microorganisms

LITERATURE REVIEW

Ethylene glycol is used as an antifreeze in cooling and heating
systems, in hydraulic brake fluids and as a solvent in the paint and plastics
industries. It 1s used in the formulation of printers’ inks, stamp pad inks,
and inks for ball-point pens. It serves as a softening agent for cellophane and
as a stabilizer for soybean foam used to extinguish oil and gasoline fires. It
is used in the synthesis of safety explosives, glyoxal, plasticizers, elastomers,
synthetic fiber, and synthetic waxes (Merck Index, 1983).

The Louisiana Department of Transporfation and Development uses
ethylene glycol as a deicing agent on highway bridges (Kepper, 1989).
Environmental contamination may result when bridges are sprayed with ethylene
glycol and runoff reaches surface water and soll. Industrial waste, spills,
spent antifreeze, and application of EG to airport runways and aireraft could
also contribute to environmental contamination.

The toxicity of ethylene glycol depends upon the susceptibility of
the species; for example, EC is five times more toxic to humans than to poultry,
(Beasley, 1980). Ingestion of ethylene glycol by humans can result in toxicity

resembling alcoholic intoxication with ataxia, drowsiness, and slurred speech,



and possibly coma, convulsions, and death' (Parry, M. F., 1974; Berman, L. B.,
1957). Drinking antifreeze fluid causes transient stimulatfon of the central
nervous system followed by depressfon, '
vomiting, drowsiness, coma, respiratory failure, convulsions and renal damage,
which may proceed to anuria, uremia, and death (Merck, 1983). A fatal‘éase wag"
reported in which & 1/4°'to 1/2 pint of antifresze solution wabingasted: acute
meningoencephalitis occurred followed by anuria, - Death from. renal:. faflure.
resulted after 12 days (Clay; 1982) « o »i.cwi .ot 8 v fmher st
- Human plasma clearance half-1lives of ethylene glycol followiiig dral .
administration range from 2 te 6 Hours (Reif, 1950; Winek, 1975; Peterson &t al:, -
1981). - Some work has been dore on the ‘acute toxicity of EG in other species. :
Toxicity of ethiylene glycol to soil microorganisms (Pseudomonas) was studied by:..
Bringmann and Khun (1980) who' reported a- toxicity threshold of > 10,000 mg/L. -
The 24-hour media tolerance limit (TIM) to brine ‘shrimp and-ecrawfish was found :
to be > 20;000 and- 169 000 mg/1 re8pect::lve1y (Price et al., .1974) ;1. The LCgy for
commori- shigip and- rafinbow trout were reported to, ba >:100, 000 ng/l (Bachmann,,;
1974) and'>:18,500- (Jank et 'al.; 197&) raspectively Fron e e Eaadenis
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METHODOLOGY

FIELD SAMPLING OF AIR, WATER AND SEDIMENT

A truck equipped with a spraying rig was used to apply a 50% ethylene
glycol concentratfon on three designated bridges. The Spray rig, mounted under
the front bumper of the truck, consisted of g ten-foot bar fitted with spray
nozzles which directed an overlapping-fan pattern to the street. These bridges

used as a control, Selected bridges were above running streams so that water

and sediment samples could be collected.

Sprayed bridges.

AIR SAMPLING

accumulates the ethylene glycol vapor. The concentration of ethylene glycol
determined on both the filter and silica gel is the total EG in the air sample
(NIOSH, 1977).

Sampling units were Placed at three locations on the curb of each
bridge at a height of 8 inches (ends and middle of each bridge). wWind velocity
was 6 miles per hour and the temperature was 42° F, afir samples were taken at
about 2-hour intervals for approximately 8 hours following spraying. Air from




concentrations. Eight persons were monitored on two Separate spraying occasions
to give a total of 16 ,Wworker exposure samples. . The .driver’'s window was cloud
vhile the passenger. window was open during the spraying and umpling Romally
both windows are q].oud due to. the cold wuther when spraying takesg placc.; I
Coam e . Filters.and silica. gel tubes were _Feplaced every 2 hours o the
smpling train. .. As: soon as ‘the air samples Vere collected, _the ;lasa ﬂl:ora
vere preserved in a vial containing 1 al of 2% propanol. The open ends of the
silica gel tubes wers: capped, each section (front and back) was collacted :Ln a
vial and 1 nl of 2%y propanol vas added to preserve. the samples for, analysis

(NIOSH, 1977)
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TR, SETHENT AND SOTL

'f?fﬂf%““‘whtér, sediment and soil samples were collected from under the
“s§§§§£d'ﬁridges at three locations: upstream, underbridge and downstream. Water
samples were collected from a depth of 6" to 12" and placed in clean glass
containers (acid washed and rinsed with distilled water). Sediment samples were
collected from the same areas, placed in clean glass containers and properly

capped.

ACUTE TOXICITY TO CRAWFISH, BLUEGILLS AND SOIL MICROORGANISMS

Ethylene Glycol was purchased from Shell 0il Company (Geismar,
Louisiana). The material, 99.9% pure, with a specific gravity of 1.115, was used
for all test concentrations, Crawfish (Erocambarus gpecies) were purchased from
a local vendor in New Orleans, Louisiana. Bluegill sunfish (Lepomis macrochirus)
were donated by Louisiana Wildlife and Fisheries (Alexandria, Louisiana), A
nixture of heterotrophic bacteria was collected from three sources: soil,
sediment, and activated sludge.

Adult crawfish measuring 3.2 30.5 inches in length and weighing 13.6
0.6 grams and juvenile bluegills measuring 1.6 +0.4 inches and weighing 0.85
* 0.20 grams were used. Both organisms were acclimatized to laboratory
conditions (Temp. 21°C *1, pH= 7.5 su and DO - 8.5 mg/l) in all glass aquariums
(36"x16"x12") for three weeks Prior to the study. Aquariums were supplied with
dechlorinated (carbon-treated) and aerated tap water (Temperature, 21°C +1.0; pH
= 7.5 su; DO = 8.5 mg/1; total hardness 250-270 mg/1 as CaCOy; pHe7.5 +0.2:
Alkalinity 47-65 mg/l as CaC03; NH3-N and total residual chlorine were below the
detection limits). A 14-hour dark and 10-hour light photoperiod was simulated.

Toxicity tests were conducted according to Standard Methods (1985)
and the EPA method for static-tank acute toxicity tests (EPA, 1985). Five test
concentrations and a control were used. A duplicate at each concentration was
used to evaluate variability.

Dissolved oxygen, pH and temperature were recorded daily. Dead
animals were counted and removed daily. The ethylene glycol concentration was
measured (Appendix A, A-1 through A-10). Tests for both crawfish and bluegills
were run for 96 hours. “

The LCs; was estimated using the EPA probit analysis computer pProgram

version 1.4 for calculating effective concentrations (EC).




- Bacterial ;. .toxicity. asgsessment.- was = done.: following. . the mathods
described by Alsop ot a]; , (1980). and . Bauer et aln, (1981) > The Alsop Assay. '
measures. turbidity as an indication of bacterial growth. Several concentrations:
of ethylene Blycol and a control were used.L The degree of growth inhibition was
determined by measuring the: turbidity (opticnl density at 530 mm). of the test:
medium at various- concentrations. after: 16. hours: of exposure. - The measured
optical density value was calculated ag a percentage of ithe control system... The
percent of control values were then plotted against the log of test sample
concentration. The test concentration corresponding to a 50%.reductios: in
optical: density, ‘termed "S50% :lnhibitiorr concentration”- (Icso)a,@« was taken as the
end point: of toxicity.. [ oaz z.;-:;-;;;;_,; CERLNS qelntann o0 s ldgTh e

Tha Bauer: A.tsay utilizes: short ~term.: (20, min, }: oxygen depletion as.
t:he wmeasure. of toxicity. : The: kineties -of dissolved oxygen depletion by a mixed
microbia]. populat:lon following exposure to diffdrent: aethylene glycol
concentrations and a control were evaluated.

ACCUMULATION, DISTRIBUTION, STORAGE AND ELIMINATION STUDIES IN CRAWFISH
Crawfish were declawed to eliminate predation and placed in 50-
gallon, all-glass aquariums.: ~ Plastic-coated chicken wires was 'dotled and placed
in each aquarium o provide ample living raquirementu for the crawfish, . ...
Crawfish of both sexes were divided into four groupa of 500 crawﬂah .
each and ‘placed” fn* six s6° gallon aquar:luns ”fneasuring 12':18":{&8" cacfl) B
Crawfish were adapted to laboratory conditions (21°C;: pH 7:4: % 0, 2.” diaso’lved_': )
oxygen 7.3 1+ 0.2 mg/1) for ome month, . An .8PPropriate amount of et:hqunq " lycok
was added to three groups of crawfish to yield concentrations of 50 l.ig/l 200
ug/l and 1,000 #/1 EG. The fourth group was used as a ‘control and
glycol was added. A flow through system was uged. 'I.‘he‘i'ft:otil“ "

in ~aquariums was replaced once every, two days, Ethylene, @13

using a peristalt:lc ‘pump adjust:ed to dalivar t:he proper concentr
glycol when mixed with inconing fresh tap ‘water. {dgli? %\;olgii}ﬁﬁégd - Vat
aquariums - was' filtered onca ‘every’ six hours arld‘* ius e
Crawfish were fed Quaker Oats daily. Excesa § d and.

siphoned out: dai.ly using a plastic hoso.- _ ) L
o £ :the upt:ake
hI riﬁated tap
rium to start the

Following 61 days of continuous oxposurq ‘of
study, aquariums were emptied, rinsed well and refilled w

vater. The remaining crawfish were placad in‘ the clear




ac';;;ﬁ:;jhase;:‘u'rlie' same filtration rate and flow-through system of water were

us ‘_‘,.&;eﬂi;t:he contamination phase. This phase was carried on for 67 days.

-,i.‘i"'hrqa”: crawfish were randomly sampled daily from each system and rinsed with tap

water, followed by deionized distilled water. Crawfish were dissected into
gills, hepatopancreas, G.1. tract and abdominal muscle. Tissues were eXtracted
and analyzed for ethylene glycol content using gas chromatography as indicated
in the section "Sample Preparation and Analysis,"

BIODEGRADATION
Biodegradation of ethylene glycol was followed by a mineral salt
medium (Table 1) containing ethylene glycol as the sole carbon source for
bacteria. The system was spiked with radiolabelled [1,2-Y¢) ethylene glycol
(10 mCi mmol‘l) » which was obtained from ICN Radiochemicals (Irvine, California),




COMPOSITION AND CONCENTRATION OF GROWTH MEDIA . - . -

Constituent Concentration (mgl-ly
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Biodegradati.on was followed by meesuring the isolation of .fco,
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Radioactivity was measured by liﬁuid scintillation using a 3 channel
Beckman LS-150 liquid scintillation instrument. Samples were placed in 20-
ml polypropylene scintillation vials from Beckman (Houston, Texas) containing
14 ml of CytoScint, a biodegradable-nontoxic liquid scintillation cocktall (ICN
Biomedical, Inc. Irvine, California).

The trapping solution was changed at each sampling time interval.
The controls had the same growth media with the labelled ethylene glycol and 3%
unlabelled ethylene glycol, but no bacteria were added. Sterile conditions were
maintained. Two controls were used: one in the light and the other covered with
aluminum foil to simulate degradation in the dark. This was done to check for
possible photodegradation. The experiment was followed for 15 days at room

temperature.

S01IL ADSORPTION-DESORPTION

Five soils were used, four were taken from fields near bridges that
are frequently sprayed with ethyiene glycol during winter. The fifth soil was
montmorillonite, a laboratory clay (Dressier, Inc., Houston, Texas), One
hundred grams of each soil was heat-dried at 103°C. The dried soil was then
powder-ground in a blender. The grounded soil was passed through a 50 mesh
Screen. Ten-gram samples of the soil were placed in 250 ml Erlenmeyer flasks,
which were acid-washed and rinsed. The flasks were then covered with cotton and
aluminum foil and sterilized in an autoclave, One hundred ml of selected
concentrations of labelled ethylene glycol were then added to each flask
containing 10 grams of sterile solils. A duplicate flask for each
sample/concentration was used to establish the time when gamples reach

equilibrium or steady state. Contents of flasks were mixed using a mechanical
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wrist shaker, Every hour the "equilibrium" flask was removed, contents
centrifuged and 1 ml of the supernatant counted by liquid scintillation’ (as.
described below): until two coﬁsecutivo samples gave the same reading. At that
time the test was terminated and all samples were centrifuged and counted for.
46,  The supernatant of each soil wag then decanted into a: container for proper.
disposal, PO S B W g B se e o VRl td R T T O SRR e Lt

- For desorption; 100 ml of clean autoclaved distilled water was added,
to: the precipitated. soil snd:shaken. for. the .same:.time required for samples to
reach equilibrium during the adsorption study!; The samples were then centrifuged
and 1 ml:of the.bsupernatant. was counted by a liquid scintillator,.;: . .. sidntie

i th:[oactivity wgs countec! bjf‘liquid scinttllat:ion us!.ng &3 channal,-

TLEARSY B

B.eckman | LS: 150, 1tisab'tz:umem;

TRt

RaTar]

in 20 ml polypropylene scintillation <Tv1313 :Eron Beclcman (Houston.. Texas)

i€

containing 14 ml of CytoScint, a biodegradable-nontoxic liquid scintillation

cocktall (IGN Biomedi.cal Inc Irvine, California) LT

LS Ponds
st lal Fowraw edga s ang e g }; Wl et ._'-'i;s.*f}:b il rs pured wrfy

SAHPLE PREPARATION AND: ANALYSIS Co Co R whelia

Soﬂ Sediment and Water. HEN G -.1

‘extracted with

Ona h\mdred grams ‘of soil and sédiment. mmﬂ.es we

A r'\

R A L SO pd st Al In eveasd amhT :
an equal volume of 2| propanol The extracted samgles were. cqnt{rlfuged at a
TeuLind o aiar wind

spead of 2000 rpm Thé supernatant was then: analyzqd by chromatography._'. The

water samp].es were centrf.fuged” at 13 000 rpm and thc su:fernatanf??vfas analyzed
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Alr:
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Glass filters, the front and the back of fhe silfca g % tubes, were
Qxiﬁ)ﬂ&f‘gqﬁ; &
extracted with 1 ml portions of 2:98 2-propanol-wate:_ (v/\r__) 'I'!_l_e extract was

combined and analyzed.
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Crawfish Tissue:

Each sampled crawfish was rinsed with tap water, then with distilled
water, and dissected into gills, hepatopancreas,_gastrointestinal tract and
muscle tissue. Each tissue was then individually'ﬁeighed and homogenized in a
microblender with 5 ml of 2% Propanol and centrifuged. The supernatant was then
analyzed,

Soil, Q;diment, water, air and crawfish extracted‘samples were
analyzed using a gas chromatography method recommended by NIOSH (1977) with
slight modification. The Carbowax packed glass column was replaced with a DB-
wax megabore with an ID of 0.53 } and 15 meters long. The detection limit was

enhanced three times with a detection limit of 1 mg/1.

The operating conditions for Bas chromatography were as follows:

Carrier Gas: Hellum
Temperature of column: 165°%
Temperature of injection port: 250°
Temperature of detector: 300°C
Flow rate of helium: 13 ml/min

Flow rate of hydrogen: 44 ml/min

Flow rate of air: 304 ml/min
Retention time: Approx. 3.6 min

QUALITY CONTROLS AND ASSURANCE

See Appendix B.
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DISCUSSION OF RESULTS
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Air temperature during spraying was 84°F : '}ff“{”u uﬁav Fak
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TABLE 3

TIME WEIGHTED AVERAGE (TWA) FOR AIR SAMPLES COLLECTED ON
MARCH 10, 1988 FROM BRIDGES SPRAYED WITH ETHYLENE GLYCOL (EG)

Bridge Bridge Sampling Conc. of Conc. of Total Conec.
Location Time* EG Aerosol EG Vapor of EG in
Alr Sample
(min.) (mg/m?) (mg/m) (mg/m3)
Hwy. 61 Front 345 ¢.12 2.61 2.73
Middle 545 0.20 3.92 4,12
End 345 0.23 0.57 0.81
Joor Rd. Front 420 0.03 3.30 3.33
Bridge 1 Middle 420 0.13 5.68 5.81
End 420 0.18 10.38 10.57
Greenwell Front 445 0.10 2.62 2,72
Springs Rd. Middle 445 0.29 1.80 2.10
End 445 0.07 4.23 4.31
Joor Rd, Front 445 <0.05 <0.05 <0.05
Bridge 2 Middle 445 <0.05 <0.05 <0.05
Control End 445 <0.05 <0.05 <0.05

Alr temperature during spraying was 44°F

*Sampling pump was calibrated at a flow rate of 0.2/1 min.

Tables 4 and 5 represent ceiling values for air samples collected
from persons spraying bridges with 508 EG on February 15, 1989, and March 10,
1988. The celling values ranged from less than 0.05 to 2.33 mg/m® aerosol and
from less than 0.05 to 3.37 mg/m> vapor. All values in Tables 2-5 are much leés
than the recommended ACGIH ceiling level of 10 mg/m3 for aerosol and 125 ng/m’

for wvapor.
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TABLE 4 ]
CEILING VALUES FOR AIR SAMPLES COLLECTED ON FEBRUARY 15,1989
FROM PERSONS SPRAYING ETHYLENE GLYCOL (EG) ON BRIDGES

Bridge Bridge Sampling Conc, of Conc. of Total Conc.
Location Tima* EG Aerosol EG Vapor Of EG In
_ Alr Sample
(min.) (mg/u) (mg/n) (mg/m?)
Hwy. 61 Pagsenger 15 <0.05 2,36 2.36
Driver 15 . - 2.33 2,20 - 4.53
Joor Rd.  Passenger 15 <0.05 <0.05 <0.05
Bridge 1 Driver 15 1.27 <0.05 - 1.27
Greenwell Paggsenger 15 1.83 3.36 5.20
Springs Rd. Driver 15 0.96 1.73 2.70
Joor Rd.  Passenger 15 <0.05 <0.05 <0.05
Bridge 2 Driver 15 <0.05 <0.05 <0.05
Control e ' i .

Alr temperature during spraying was 84°F

*Sampling pump was calibrated at a flow rate of 0;2 1/min,

15




N P
o e b

TABLE 5

CEILING VALUES FOR AIR SAMPLES COLLECTED ON MARCH 10, 1989
FROM PERSONS SPRAYING ETHYLENE GLYCOL (EG) ON BRIDGES

Bridge Bridge Sampling Conec. Of Conc. of Total Conc.
Location Timex EG Aerosol EG Vapor of EG In
? Alr Sample
; (min.) (mg/u?) (mg/m’) (mg/m’)
Hwy. 61 Pagsenger 15 <0.05 <0.05 <0.05
Driver 15 1.20 <0.05 1.20
Joor Rd. Passenger 15 1.50 1.00 2.50
Bridge 1 Driver 15 <0.05 0.90 0.90
Greenwell Passenger 15 <0.05 0.73 0.73
Springs Rd. Driver 15 0.50 <0.05 0.50
Joor Rd. Passenger 15 <0.05 <0.05 <0.05
Bridge 2 Driver 15 <0.05 <0.05 <0.05
Control

Air temperature during spraying was 84°F

*Sampling pump was calibrated at a flow rate of 0.2 1/min.

Potential toxic concentrations from inhalation are unlikely at room
temperature or colder temperatures due to ethylene glycol's vapor pressure.
Vapor poisoning usually occurs only if the liquid is heated or aerosolized
(Marshall, 1988). A group of volunteers exposed to 30 mg/m® EG for 20 hours per
day over two weeks complained of throat irritation, miid headache and low
backache. These complaints became more marked when concentrations of EG were
increased to above 140 mg/m* for part of one day (ACGIH, 1980). The lowest
published lethal dose (LDLo) for human toxicity by inhalation is reported at
10,000 mg/m® with the toxic effect on the eye and the pulmonary system (NIOSH,

1986).
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From these results, spraying crews do not appear to be in danger from
ethylene glycol vapor or aerosol during spraying. However, the potential for
exposure to higher levels still exists, and spraying crews should take
Precautionary measures when handling, mixing and spraying.

Tables 6 and 7 show the data on water, sediment and soil samples
collected under the sprayed bridges. These tables show that ethylene glycol was
not detected in any of the samples collected. This could be due to the small
volume of compound applied to bridges combined with the high dilution of water
in receiving streams or runoff water from rain or melting ice. Table 8 shows

the areas of sprayed bridges and rate of application.

TABLE 6

WATER, SEDIMENT AND SOIL SAMPLES COLLECTED UNDER BRIDGES
SPRAYED WITH ETHYLENE GLYCOL ON FEBRUARY 15, 1989

Concentration of Ethylene Glycol

(mg/1)
Bridge Name Location Water Sediment Soil
Hwy. 61 Upstream <1.0 < 1.0 <io0
Under Bridge <1.0 <1.0 ' <1l.0
Downstream <1.0 <1.0 <lo 'f ‘
Greenwell Upstream < 1.0 <1l.0 BN b 34 AR
Springs Rd. Under Bridge < 1.0 < 1.0 <1l.0
Dovnstream <1.0 <1l.0 <1l.0
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TABLE 7

WATER, SEDIMENT AND SOIL SAMPLES COLLECTED UNDER BRIDGES
SPRAYED WITH ETHYLENE GLYCOL ON FEBRUARY 15, 1989

Concentration of Ethylene Glycol

(mg/1)

Bridge Name Location Water Sediment Soil
Hwy. 61 Upstream < 1.0 <1l.0 < 1.0

Under Bridge . _<1.0

Down Stream < 1,0 < 1.0 <1l.0
Joor Rd. Upstrean < 1.0 < 1.0 <1.0
Bridge Under Bridge _ _<1.0

Downstream <1l.0 <1.0 <1l.0
Greenwell Upstream <1.0 < 1.0 <1.0
Springs Rd. Under Bridge - — <1l.0

Dowvnstream <1.0 <1l.0 <1l.0
Joor Rd. Under Bridge <1.0 <1.0 <1l.0
Bridge
Control
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TABLE 8

BRIDGE DIMENSION AND SPRAYING TIME AND RATE

Bridge Name Bridge Surface Application Total
Rate Spraying Time
{feet) (gal/min) {sec)
Hwy. 61 165 X 24 20 34
Joor Rd. 360 X 26 20 52
Greenwell »
Springs Rd. ' 300 X 28 20 52,

i
<1

ACUTE TOXICITY OF ETHYLENE GLYCOL TO CRAWFISH, BLUEGILL SUNFISH, AND SOIL
MICROORGANTSMS , I

B
¥

S . bt L

Results of the acute t:oxicity of ethylene glycol to crawfish are

found in Table 9 and Figure 2 The 96-hr Lc_-,o vas 91,430 mg/l ~The lit:erat:uro

Ce e RE

cites a 48-hr and.96-<;11

'c_z o 5 P !» ‘g B
2 Lc,o for BG t:o common shrimp of 100 000 mg/1 ‘and
%%a‘,

50,000 mg/1, respectivel (BIackm 1574) 'I'he 48, hr. LCs for Daphnia magna is

41,000 mg/1l (Gersich, 1986). The crawfish seem to be more resistant to ethylene
glycol than species cited in tho literature This h:lgh raaistance could be

o fipedeennos Fagso 234
ralated to the difference in the age and npecies of the tested organisms

s, Vo.oLo MY D
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- Percentage Concentration of Ethylene Glycol (Log scale)

100-.

50_
40—
30~

20-

96-h LCS0 = 8,47

T
a.l

Figure 2.

1
1 5 10 Jo & 90 95 o9 94.9
Percentage Mortality - probit Scale

The medial lethal concentration of ethylene glycol to crawfish
by probit analysis and line of best fit (EPA probit analysis
program Version 1.3)
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TABLE 9

EXPERIMENTAL DATA FROM ACUTE TOXICITY TEST OF
ETHYLENE GLYCOL (EG) ON CRAWFISH (PROCAMCARUS SP.)

Concentration of EG Number of Test Number of Test
% by Volume Crawfish Crawfish Death of EG
48 hr. 96 hr.
12.6 20 6 20
7.9 20 2 7
6.3 20 1 2
5.0 20 0 1
3.2 20 0 0
0.0 20 0 0
1Cs, %, estimated
by probit analysis 16.3 8.2
95% confidence limits __ 7.5
_ 9.2
Slope of probit line 10.1

The acute toxicity of ethylene glycol to bluegill sunfish 1s shown

T L

b;"uegills wasg 27 SAO mg/l 'I'he

s

in Table 10 and Figure 3. The 96 hr Lﬂso fom

LT (»o'

Fenv

Literature cites a 96-hr. Lig of 28, 000 né,/l for g};ppies (koneﬁan 1985}) Tha

i

,,4

24-hr., 48-hr., and 96-hr. LG for fathead uinnows wagq\ all, greater thah 1.0 000
B, ﬁ:.;r e ,d{ ES T !
mg/l (Conway et al., 1983) These values compare*"ﬁelf w:ltl"l thi& study
rEE ﬁtw’ajisx s 61y I T
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Percentage Concentration of Ethylene Glycol (Log Scale)
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96-h LC50 = 2.5%

© Figure 3.

L} I ) | L | 3
1 5 .10 20- §0 90 95 99 99.99
Percentage Mortality - Probit Scale

The median lethal concentration of ethylene glycol to blue

gills (Lepomis macrochirus) by probit analysis and line of
best fit
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TABLE 10

EXPERIMENTAL DATA FROM ACUTE TOXICITY TEST OF
ETHYLENE GLYCOL (EG) TO BLUEGILL SUNFISH (LEPOMIS MACROCHIRUS)

Concentration of EG No. of Test Number of Test Bluegills
% by Volume Bluegills Daad at
48 hr. "~ 96 hr.
IS
4.5 20 :
3.5 20 :
2.5 20 ;
2.0 20
1.0 20 .
0.0 ; ey - Y20 s i
ity f.’.~ o ;\’w . - ii ——
LCs, B, astimated SR > T o L e g ?
by probit: a‘halysis i Lo e ST 2:.47 Lo 'f
N L.
95% confidence limity . o RS 2.2 (0
} RN RO . . o 7.6 2.7 : ‘d
i 'c‘ ] ,-; PG e e iy i 5?,9
Slop& of probit line . v 3.9 7.6 3 By
o pn ety g : @
# 5 3 g
;! i;:?"
i ok
Y

The Bauer ‘Assay: was' used: for measuring thé toxicity of ethylegna
glycol. to & nixed population oi! heterotrophic’ bacteria :derived from . soi,l.,
sediment and ;cti\mtadf sludg”’* v'l'llgle ‘11 and-Figure &- i;r:dicate‘ that 10%-20% iw
moderately - tt;;ic to: thegfulfﬁru §ﬁ§§d‘§m&g lﬂii"&ti\rity quotient: (AQ) of 0.50"%

0.70. - At 30% and above, r.he toxicity of‘ athylene glycol is extreme (AQ = < 0.5):

whoE o Than “’{ iz,(‘; 1% "‘E gL }f‘.’:’{:'{‘;:{ i

i NG




Dissalved Oxygen - mg/1
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LA 11/
‘--'EP‘-cp. . J0%
e
. .‘.'~0"-. .__‘ - -
“@ Control
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Figure 4. Toxicity of ethylene glycol to microorganisms based on the

Bauer Assay
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TABLE 11

BAUER ASSAY; Ts9 AND ACTIVITY QUOTIENTS FOR
MICROBES EXPOSED TO ETHYLENE GLYCOL

t Ethylene Glycol (vol./vol.)

0 10 20 30 40
Tgp* 44,50 . 64,50 68.90 96.50 --
AQ¥* 1.00 - o0.69 0.65 0.46 0.0
* Tsp H - Time (min.) required for 50%

depletion in dissolved oxygen.

T-50 control/T-50 test
AQ 1.0 no toxicity

0.8-0. ‘slightly toxie
AQ 0.5-0. : moderately toxic

< 0.50 extremely toxic

Li
Q0O
~ 0
L
LI I I I |

The toxicity test dona on microorganisms by the Alsop Assay measured
the inhibition concentration (Iqm) that caused a 50% reduction in optical
density (Figure 5). Table 12 shqu the turbidity (optical density) data as

compared to the control for different concentrations of ethylene glycol. The

&5 .
,g'i s iy

[

ICs was found at 10 25| or 11& 300 mg/l This toxicity level to the
microorganisms agrees with that found 1n the literature. The ICg for activated
sludge microorganisms was >10 000 ng/l (Conway et al 1983). The toxicity

threshold for bacteria (Egg_ggggngg_nggi_g) was greater than 100, 000 mg/l

(Verschueren, 1983),
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Percent (by Volume) Ethylene Glycoi

Figure 5. Toxicity of ethylene glycol to microorganisms based on the
Alsop Assay '
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TABLE 12

TOXICITY OF ETHYLENE GLYCOL (EG) TO SOIL MICROORGANISMS
AS MEASURED BY TURBIDITY (OPTICAL DENSITY)

% EG
74')) 0.0 2.5 50 7.0 80 9.0 100 120 140 160 180
oD 08 08 075 073 o052 044 042 016  0.08 006 004
* % of

Control 1000 1000 938 906 650 44 519 00 94 7S 53

* & of Control - Mﬂw X 100

0D of control

It can be concluded that the concentration of _athyl_éné glycol used
as a deicing agent on bridges, combined with the high voluinaf;..u;of water in
recelving streams, will dilute ethylene glyﬁql sufficiantiy t:o:._pb':\se no danger
to crawfish or to Blue‘g’ill.s'uﬁfish. 'Et':hj;lenlehgiyébi at normal application rates
(50 ul of ESO%' ethylene glycol per square inch) will not exert a toxic effect on
bacterial flora. “ Bacteria in water willldegrade the chemical almost coix“nii"letely

within 3-4 days (Evans et al., 1974),

BIOACCUMULATION OF ETHYLENE GLYCOL (EG) BY CRAWFISH ORGANS

i :}

Figures 6 through 9 for System I (50 ug/ml EG) Systa:a II (200 Hg/ml

o

EG) and System III (100 ug/ml EG) are the uptake data for ethylene glycol (ug

i J‘

EG/g tissues) in crawfish.gills, muscles, gastrointestiml tract: (G I.) and

hepatopancreas (Appendix A, A-11 through A-13). Each datn po:lnt represem:s the
5"* b

mean of three measurements taken from three crawfish exgosec} to. the same ethylene

o ﬁ

glycol concentration during the upt:ake phase for. Systems I II .md I1
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Figure 6. Average bioconcentration of EG by gills during continuous

exposure for 61 days to 50, 200 & 1000 |l g/ml EG
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respectively. Means plus standard deviation error bars were used as plotting
points,

These figures show that crawfish gills, muscles, gastrointestinal
tract (G.I.) and hepatopancreas did not concentrate ethylene glycol to levels
above the aqueous concentration to which the animals were exposed. The data show
an initial rapid increase in the concentration of ethylene glycol in the first
few days, followed by an equilibrium concentration which was then maintained
throughout the remainder of the experiment. This was observed in all three
systems and in all tissues tested. This could be due to the rapid absorption of
ethylene glycol into the body of the crawfish where it is quickly distributed
in all the body fluids and tissues. Rapid absorption of ethylene glycol was
reported in the literature. Reif et al. (1950) observed rapid absorption of
ethylene glycol when ingested by man. Hanzlik et al. (1939) found rapid
absorption of ethylene glycol from the gastrointestinal tract of dogs when given
small doses of ethylene glycol.

For System I, the steady state of the uptake phase for the gills,
muscles, G.I. and hepatopancreas began at 5,4,5 and & days respectively; for
System II the steady states were at 5,4,6 and &4 days; and for System III the
steady states were at 7,5,7 and 5 days respectively. The steady state uptake
concentrations (lg EG/g tissue) in Systems I, II and III for gllls were 19,36
and 154, for muscles 29, 53, and 210, for gastrointestinal tract 37,70 and 215
;nd for hepatopancreas 28, 56 and 140 respectively (see Figures 2 through 5).

The order of uptake of ethylene glycol by different tissues of the crawfish were:
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System I (50 ug/ml EG):

G.I. > Muscles & Hepatopancreas > Gills
System II (200 pg/ml EG):

G.I. > Muscles ™ Hepatopancreas > Gills
System IIY (1000 ug/ml EG):

G.I. > Muscles > Gills > Hepatopancreas

The order of uptake was the same for Systems I & II but in System
III the order of uptake in gills was higher than the hepatopancreas. This may -
be due to the higher concentration of ethylene glycol in the medium and its
relatively greater contact with gill tissue.

There was in increase in the concentration of ethylene glycol in the
selected tissues as the ethylene glycol concentration in the medium increased:
however, the levels in tissue did not exceed the aqueous concentration of
ethylene giycol. This can be seen in the figures describing the uptake phase
(Figures 6 through Q)@ - : _ Cot o m eruad

Table 13 sliows the final uptake concentration of ethylene glycol: in:-
selected crawfish tissues at the end of 61 days exposure to ethylena glycol:i in .
Systems I, II, and III. The uptake of ethylene glycol by.che gas;:b;ntehpinarnf
tract was higher than the other organs in each of the three systems.f The high
concentration of ethylene glycol in the gastrointestinal tract may %i?rélhte&x
to the G.I. being the predominant route of elimination of unchapgéé ethylene
glycol. Gessner, et al., (1961) found that the urine is thé hajoéirohta of -

elimination of unchanged ethyleme glycol in humans and dogs:w/5 =i 3477




TABLE 13

CONCENTRATION OF ETHYLENE GLYCOL (ug/g) IN SELECTED
CRAWFISH TISSUES AT THE END OF A 61 DAY EXPOSURE FOR THE SYSTEMS

Tissue System I System II System III
He/g re/g Be/g
Gills 19.0 36.0 194.0
Abdominal muscles 22.0 42.0 210.0
Gastrointestinal tract 30.5 70.0 268.0
Hepatopancreas 29.0 55.0 223.0

Uptake by the gills was lowest among the selected tissues in systems
I & II and next to lowest among selected tissues system 1II. The gills have a
large surface area and an efficient blood supply. Almost 90% of the water
entering a crawfish does so through the gills surfaces (Holdich, 1988). This
quick diffusion of ethylene glycol through the gills could explain the low uptake

of ethylene glycol by the gills.

LOSS PHASE

Figures 10 through 13 represent the loss or depuration phase in
System I, II and III. Each data point (Appendix A, A-14 through A-16) was drawn
by plotting the average of three measurements taken from three crawfish during
the loss phase for Systems I, II and III respectively. Means plus standard
deviation error bars were used as plotting points. These figures represent the
depuration of ethylene glycol from crawfish tissues after crawfish were

transferred to clean water following ethylene glycol exposure for 61 days.
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Crawfish were able to clear ethylene glycol within 5 days for animals exposed
in System I (50 ug/ml EG), 6 days for System II (200 #g/ml EG) and 7 days for
System IIT (1000 gg/ml EG). The capability of crawfish to completely eliminate
ethylene glycol from their system may be due to ethylene glycol's physical
properties. It ig completely miscible in water and has a low octanol /water
partition coefficient (log p = -1.36) and thus is not strongly bound to tissues.
Clearance could also be due to an increased tolerance of the hepatopancreas
because of the continuous exposure to ethylene glycol aﬁd better efficiency in

detoxification via enzyme induction.

MATHEMATICAL MODEL

Kinetic models have been developed to predict concentrations, uptake
and elimination of chemicals in organisms living in both acutely and chronically
contaminated environments.

The classical equation (Oliver, 1985) describing the uptake of chemicals

by fish is:
dm/dtmk; C- Ko M vovvveenrrrinnennnnnnnns.. 1
Where:
c = Chemical concentration in fish
m = Chemical concentration in water
K = Uptake rate constant

o

k, = Elimination rate constant
The units for k; and k, are in day -1, Equation 1 can be integrated to
yield (Cliver, 1985):
c = (k m/ky) (1 - eboty ..., el 20
or

c/m= k/k, (1 -e®) ... ..., 3




Equation 2 represents an open, one-compartment model and can be used
in the interpretation of chemical uptake by aquatic organisms. Knowlng k,,
Equation 3 can be linearized by plotting c/m versus (1 - %ty to yield a
straight line with a slope equal to ki/ko.

Data developed in this study were found to fit the equation for the
one-compartment model. This was determined by an analysis of variance (ANOVA).
The results of this test are shown in Appendix C, C-1 through C-21., Figure 14
is a plot of the one- compartment model (on arithmetic paper) for accumulation
of zenobiotic in the medium (Ruzik, 1972).

Figures 10 through 13 show loss of ethylene glycol by crawfish gills,
muscles, gastrointestinal tract and hepatopancreas., The loss phase followed a
single compartment exponential decay model.

The equation governing the leoss is:

Ct=C *eXo e 4
Where

G = initial value.

k, = elimination rate constant.

C, = concentration of EG at time t.

t = time in days.

The elimination rate constants, k,, were determined for each of the
selected tissues and are represent in Table 14. Kinetlc parameters (k;, k,) and
bioconcentration factor (BCF) are presented in Table 14. The bioconcentration

factor for the three systems did not exceed 1.
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TABLE 14

KINETIC PARAMETERS (K;,K,) AND

BCF OBTAINED USING MATHEMATICAL MODEL

System I

Gills
Muscles
G.I. tract

Hepatopancreas

System II

Gills
Muscles
G.I.

Hepatopancreas

System III

Gills
Muscles
G.I.

Hepatopancreas

k; (dayl)
0.18 0.46
0.35
0.58
0.24

K (d334)
0.12 0.65
0.13 0.45
0.11 0.65
0.12 0.52

k; (dayh)
0.23 1.33
0.23 1.18
0.22 1.10
0.15 0.96

k, (day’
0.18
0.28
0.17
0.24

k (dﬂlfl )
0.18
0.20
0.21
0.16

0.57
0.86
0.53

The uptake rate constant (k;) for System I ranged between 0.18 day
1 for gills and 0.58 day? for gastrointestinal tract.

for System II ranged between 0.11 day! and for System III the k; ranged between

0.16 day! for hepatopancreas and 0.24 day! for muscles.

The uptake rate constants (k;) for the selected tissues in Systems

I, II and III were tested statistically using one-way Analysis of Variance.
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variation in the uptake with a p value = 0.30. Also the variation in the uptake
rate constants within each selected tissue for Systems I, II and III was not
significant (p value = 0.27).

The elimination rate constants (k,) for System I ranged between 0.46
day ! for gills and 0.67 day? for G.I. The k, for System II ranged between 0.45
day? for muscles and 0.65 day! for gills. For System III, the k, ranged between
0.97 day? for hepatopancreas and 1.33 day! for gills,

The elimination rate constants (k,) did not show significant
differences among the selected tissues for each system p value = 0.67, but the
variation within each tissue for three systems was statistically significant with
a p value = 0.000. The elimination of ethylene glycol for each selected tissue
in System III was almost twice as fast as the selected tissues in Systems I and
II (see Table 14).

Martis, et al., (19ﬁ2) studied the disposition kinetics of ethylene
glycol following its intravenous administration to beagle dogs. They estimated
the elimination rate constants of ethylene glycol at 35 and 106 mg/kg dosages
were 5.76 and 4.18 per day respectively. This rate was slower than the
elimination rate for crawfish exposed to 50 ug/ml and 200 u/ml ethylene glycol
concentrations {(see Table 14).

The bioconcentration factors (BCF) [Chemical concentra-tion in
crawfish (ug/g tissue)/chemical concentration in water (ug/ml)] for System I
ranged between 0.33 for gills and 0.86 for G.I. In System II, the k; r;pged
between 0.17 for G.I, and 0.28 for muscles. For System III, tﬁ;)ﬁg’féﬁééd
between 1.16 for hepatopancreas and 0.21 for G.I. |

The variation in the bioconcentration factors (BCF) among tissues
for each system was & statistically insignificant p-value = (.31 (Table 14).

But the variation within each tissue in the three systems was a significant p
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value = 0,07 (Table 14). The biloconcentration factor System I was almost twice

the bicconcentration factor for Systems II and III.

The biological half-life of ethylene glycol in the selected crawfish

tissues was determined by:

where k, is the elimination rate constant.

Table 15 represents the half-1life values as determined by Equation
5. The half-life value for Systems I and II were almost the same. They ranged
between 1 and 1.5 days. The half-life for System III did not exceed one day for
all selected tissues. This is due to the higher rate of elimination of ethylene

glycol by the tissues for System III.

TABLE 15

BIOLOGICAL HALF-LIFE {(DAYS) OF ETHYLENE GLYCOL IN
SELECTED TISSUES OF CRAWFISH FOLLOWING EXPOSURE
FOR 61 DAYS TO 50 ug/ml, 200 ug/ml AND 1000 pg/ml EG

Tissue . Concentration of exposure
pg/ml EG
50 . 200 1000
Gills 1.27 1.060.52
Muscle 1.13 1.530.58
Gastrointestinal tractl.03 1.060.63
Hepatopancreas 1.53 1.320.72
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The variation in half- lives among the selected tissues for Systems

I, 11 and II1- were statistfcallyanalyzed using one-way Analysisfof Variance.
L T MR AL i ;'\ &

The variation was; not - statistically, ltgniﬁcant: (p-value - - 0 28), but the .
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BICDEGRADATION

Table 16 shows the cumulative average 1“COZ level generated from
three concentrations of ethyiene glycol and.14002 values in the two controls.
There was no apparent difference in biodegradation pattern at the three
concentrations. However, a toxle effect could be observed with increasing
concentration, Rapid degradation was observed for the first 72 hours. Table
17 shows the slope values for both the growth phase-and stationary phase at all
three concentrations. The slope, or the rate of degradation, in the growth phase
decreases with an increase of concentration, indicating inhibitory or toxic
effects of ethylene glycol on the microorganisms as depicted in Figure 15. There
was no difference between the controls (dark and light), indicating no
photodegradation. The figure also shows the sharp increase in CO; production for

the first 72 hours, indicating a high rate of biodegradation of the ethylene

glycol.
TABLE 16

CUHULATIVE‘“COZ LEVELS GENERATED FROM THE BIODEGRADATION OF

ETHYLENE GLYCOI. TEST RUN (EG) (CUMULATIVE AVERAGE IN pug/l)
Time Control Control 1% EG 3% EG 5% EG
(hr) light(ug/l)  dark (pg/l) (ug/1) (kg/1) (ug/1)
2 0.03 0.05 2.80 - 2.32 1.99
4 0.09 0.09 3.99 3.19 2.75
6 0.09 0.0% 5.19 4.07 3.32
12 -- -- 9.96 7.59 5.46
24 0.23 0.21 20.10 16.13 . 9.25
48 0.35 0.36 31.10 29,85 22,98
72 0.43 0.46 34.83 33.89 29.31
96 0.43 0.55 ' 6.60 36.09 31.98
120 0.46 0.64 37.51 37.08 33.42
144 0.59 0.77 38.31 37.26 34.42
168 0.71 0.88 38.91 37.85 34.73
240 0.99 1.14 41.58 39.02 35.54
360 1.31 1.59 44.03 41.41 36.71
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TABLE 17

RATE DATA FOR MICROBIAL DEGRADATION OF ETHYLENE GLYCOL (EG)

e T A R ARIFTE IR S TRV

: S A FA Peorataorgt o RRY AT . Sallon
Control Control 1% EG 3s EG 5% EG
~Light: - Dark .. S N R L TP PP T

4 ool el T
Growth Phase
k,uglth? 0.005 . 0.0059 S odwn it
half-life,h 120 117 1.7
r 0.978 0.982 0.994
B ~ T i e “‘1
Stlt:lonary Phlﬂ‘ TITE g‘;;, O R il
. s s - s ,‘.:s ks o e s bt A L

k, s 1‘111'1 . 0.0033 -, 0.0039 . 0.031¢.
half-life, h 210 178 22.434.7

coleg] +0.988 . 0.999 -, - 0.984 -

i

* r = correlation coefficient. -
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SOIL SORPTION STUDIES
‘Table 18 shows the adsorption/desorption capacities of ethylene

glycol to montmorillonite (a thrpe dimensional clay) and to soils eollected from-

AN oty sl

four different locations in Louisiana Soils were charact:arized by a-local

engineeriﬁg léﬁorai:orjr. : 'l‘wo were clay. (Joor Road and Joor Road Control) whila‘
RV VIS ot HRAN HERIE P T S BRI,
the other two (Highway 61 and Greenwell Springs Road) were sandy clay. Tota
{ LS g

!

organic carbon was alsc maadured for all collected solls and is given in the
table. -
i S g "";5 S ; " [13*}*»&
‘I'he perceht adsorpt:ion} ranged from 0- O St for all tasted soklse.
0 i S
Desorption was almdst complete at t:ha end of the 4-hour experiment for the soils
. ‘\ I f \F

and the nontmorillonite Due to . the high wster solubility and the low vapor

LI S (RSN VR NS i mbe haaf ool
pressure of ethylane glycol it rapidly partitions to water. in the environment.
t‘c“ .»3 7 EEREE o

£ ;3;5“ ﬁ ;H u ;’;y £

Ethylene glycol showed insignificant adsorption ito tested soils,

AR At BOgU 07 vuie i ia b U Lromrolk

This agrees withi Verschuerdr( {X977) i who: showed that only 14 jg/g of ethylene
ML 204 PG A0 G I

glycol adsorbed’ to chryors dnd 93%,'was desorbed, . It can be. concluded: that
‘5{1 ey U 1{3 , iy ey

ethylene glycol does not” adsorb on tested soils. Table 18 also shows' that: the

ri s,

sthylene gl}rcol} concentration}; the; soil/chy content, and  the t:ot:al organiq;
"-i’a f_) ‘1'!\; 51 O

carbon have ncu effect on increaﬁng or decreasing the adsorption/desorption

S I 3 B 21’ Eroia

capacity of ethylené- glycol mﬂ tested soils
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TABLE 18

ETHYLENE GLYCOL SORPTION STUDY DATA

Soil Soil Toc Cone Adsorption Desorption
sample type mg/kg mg/l pvg/g | y. Mg/gly.
location
Hwy. 61 sand/clay 1310 1 0.05 {0.50 0.05 |100
5 0.06 {0.12 0.05 |100
10 0.03 |0.03 0.03 100
50 0.03 |0.01 0.03 {100
100 0.03 |0.01 0.03 }j100
Greenwell sand/clay 1440 1 0.02 |0.20 0.02 100
Springs Rd. 5 0.02 10.04 0.02 100
10 0.02 |0.02 0.02 {100
50 0.03 |0.01 0.02 | 67
100 0.03 |0.00 0.00 | --
Joor Road clay 1600 1 0.01 j0.10 0.01 |100
' 5 0.01 j0.20 0.01 |100
10 0.03 |0.03 0.01 | 33
50 0.03 |0.01 0.02 | 67
100 - 0.03 |0.003 0.013] 43
Monmorillinite clay 1 0.G5 0.5 0.05 100
5 0.06 |0.12 0,05 | 83
10 0.03 |0.03 0.05 J100
50 0.03 |0.01 0.03 j100
100 0.03 j0.01 0.03 |1l00
Joor Road
Control clay 3240 1 0.01 |0.1 0.01 |100
5 0.01 |0.02 0.01 |100
10 0.03 |0.03 0.01 | 33
50 0.03 |0.006 0.02 | 67
100 0.03 |0.003 0.02 | 67
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1)

2)

‘» CONCLUSIONS

The highest concentrations of ethylene glycol aerosol (2: 33 mg/m’)’ and vapor

© (3.37 wg/n’y found in thé breathing zone of workers {n this 'study were below

the ACGIH ‘ recommended: levels of . 10 mg/n® and' 125 dg/m?; ‘raspectively.

' However, care should be ' taken while: spraying due’ to aercsolization of

ethylene: glycol caused by the’ spraylng rig. 0 ot lienmen e o

B eereriis

Ethylene glycol was riot detected in water, soil and sediment samples taken

- from areas under tr‘eatewbriag'es;{e% SonEEeTe gy S sl e bl pm D lo s et

3y

4)

24

R s 0
Yk S 4

o T o L e N O ROF PSR T S U P U S ST A FENE PR g A
SRR T e DR GG P S Eis! i : :;""; }'a'&g'i{“. AR R AR "f.f-?}é‘;—.f'l-;l'- A

“THé* 96 -hour I..Cﬁ’éf?“eth?léﬁe‘“gljrcob“= for cravwfish and bluegill-aunfish were

91, 430" mg/T and? 27,540/ mg/L; ‘respectivelyii' The' averdgs’ toxic ‘end ‘point

“/(1Cgy) fot'a mixed population of soil mfersbrganisns wda 114300/ mg/1i7 Th

“coticentration’ of ethyleris glycol used dé ‘s'déicing dgent on bridges combined

Wi thY rath; bmelting: foe “ahd’ witer’ In!thé’ recelvihg  tiean Wwill" dilute
ethylene giycol sufficiently to pose nié diniger to erawfish or to Bluégills.

' Eéhirie;i'i’hﬁfﬁl“'yéélr ‘at’ normal ‘DOTD: application rates will ‘not exert a-toxic’

“affect on: bacterial flora. @ ts. Do Birlo oo lu vale suais) wonds 2fioa

Soks ahudien ar ooped e e L0 e, N i R T I T T
Biofééiiﬁ&iition-'by cravfish tissue was found to’ be dépendent upon the
concentrat:ion of ethylene glycol in the water. Et:hylane glycol levels in
crawfiah tiasuea in all cases did not exceed the EG water concentration to
which crawfish were exposed.

The crawﬁsh were capable of completely depurating ethylene glycol

from their‘ system within a maximum period of 6 days at the highest
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6)

concentration (0.1%) used in this study. The half-li\(res of ethylene glycol
in the selected tissues ranged between 0.52-1.53 a day.

Crawfish bioconéentrated minimal amounts of ethylene glycol
following exposure to 50 pg/ml, 200 pg/ml and 1000 pug/ml ethylene glycol
for 61 days. The maximum levels of EG found in crawfish edible tissue
(abdominal muscle < 210 u/g, heéatopancreas < 140 u/g) do not pose an acute
health effect to humans. One would have to consume 384 kg of ethylene
glycol contaminated edible crawfish tissues at one time to result in acute

toxicity.

Common soil or water microorganisms found in the environment will bilodegrade
ethylene glycol significantly in the first 3 days of exposure. The rate
of biodegradation for the first 3 days is 0.5 pg/l/h for 1% and 3% ethylene
glycol concentrations. However, concentrations of ethylene glycol higher
than 5% will begin to exert inhibitory or toxic effects. The microorganisms
responsible for this degradation were isolated and identified as Gram
negative, rod-shaped bacteria, belonging to the Pseudomonas, Serratia, and
Citrobacter species.

Due to the high solubilit':y of ethylene glycol in water, adsorption to tested

soils (Louisiana clay, clay/sand and laboratory clay/soil) was negligible.
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RECOMMENDATICNS

In this study, ethylene g-lycol was detected in the air inside the spraying
truck at low levels. Although the concentration was much below the ACGIH
recommended level, precautions should be taken. All applicators should

stay inside the cab and windows should be kept closed.

Although there are few reports of adverse effects from direct contact with
the skin, care should be taken to protect the hands by wearing gloves during

handling of concentrated ethylene glycol.

It is advisable to stand upwind of the prevailing wind direction when mixing
ethylene glycol to avoid aerosol inhalation. Spraying rigs could be

modified (if possible) so the nozzles are at the back of the truck.

Results of ethylene glycol testing on crawfish and bluegills showed low
acute toxicity; however, this does not preclude toxicity to other aquatic
species. Therefore, spills and direct application of ethylene glycol to

water should be avoided.
Acute studies on juvenile crawfish and other aquatic species could be done

to determine potential acute effects to more sensitive stages of the

organisms.
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TABLE A-1
DISSOLVED OXYGEN DATA FOR THE ACUTE TOXICITY
OF ETHYLENE GLYCOL (EG) ON CRAWFISH
(Procambarus sp.) GROUP 1 & 2

Concentration D.0. (mg/l) at

of EG

% by Volume ¢ hr. 24 hr. 48 h:. 72 hr, 96 hr.

GROUP 1:

12,6 8.6 5.3 5.5 5.0 5.0
7.9 8.5 4.5 3.5 3.5 3.0
6.3 8.5 5.0 4.5 3.5 3.0
5.0 8.4 4.2 4.0 3.2 3.2
3.2 8.4 5.5 4.2 3.0 3.0
0.0 8.3 5.0 4.4 4.0 3.0

GROUP 2:

12.6 8.9 5.4 5.0 4.3 3.9
7.9 8.7 5.0 4.2 3.5 3.2
6.3 8.7 4.6 4.0 3.3 3.1
5.0 8.6 5.5 4.6 4.0 3.5
3.2 8.6 5.4 4.8 4.2 3.6
0.0 8.6 5.2 4.3 3.0 3.0
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TABLE A-2
pH DATA FOR THE ACUTE TOXICITY TEST OF ETHYLENE GLYCOL
(EG) ON CRAWFISH (Procambarus sp.) GROUP 1 & 2

Concentration pH (8.u,) at
of EG .

% by Volume 0 hr. 24 hr. 48 hr. 72 hr. 96 hr.

GROUP 1:

12.6 7.9 6.9 6.9 7.0 7.1
7.9 7.8 6.9 6.9 6.8 6.8
6.3 7.8 7.0 6.9 6.8 6.8
5.0 7.8 7.0 6.9 6.8 6.7
3.2 7.7 6.9 6.7 6.7 6.7
0.0 7.7 6.8 6.7 6.7 6.7

GROUP 2:

12.6 7.8 6.9 6.9 7.0 7.0
7.9 7.8 7.0 7.0 6.9 6.9
6.3 7.8 7.1 7.1 . 6.9 7.0
5.0 7.8 6.9 6.9 6.9 7.0
3.2 7.7 - 7.1 7.0 6.9 7.0
0.0 7.7 7.3 7.1 7.0 7.0
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TABLE A-3
WATER TEMPERATURE DATA FOR THE ACUTE TOXICITY TEST OF
ETHYLENE GLYCOL (EG) ON CRAWFISH IN GROUP 1 & 2

Concentration Temperature in Degrees Centigrade at

$ byogofgme 0 hr. 24 hr. 48 hr. 72 hr. 96

GROUP 1:

12.6 23.0 20.5 21.5 21.0 22,
7.9 23.0 20.5 21.5 21.0 22.
6.3 23.0 21.0 21.5 21.0 22.
5.0 22.0 21.0 21.5 21.0 22.
3.2 22,0 21.0 21.5 21.0 21.
0.0 22.0 20.5 21.5 21.0 22,

GROUP 2:

12.6 23.5 20,0 20.5 22.0 22.
7.9 23.0 20.5 20.5 20.5 21.
6.3 23.0  20.0 20.5 . 20.5 21.
5.0 22.0 20.5 20.5 20.5 20,
3.2 22.0 20.0 20.5 21.0 21.
0.0 22.0 20.0 20.5 21.0 21.
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TABLE A-4
WATER QUALITY FOR THE DILUTION WATER USED IN THE TOXICITY
TEST OF ETHYLENE GLYCOL ON CRAWFISH (Procambarusg sp.)

Parameter Tested Value

pH 7.9 s3.u.
Alkalinity 47 mg/l as CaCOy
Total Residual Chlorine 0.0 mg/1

Total Hardness 270 mg/l as CaCOj
Dissolved Oxygen 8.5 mg/l

Ammonia Nitrogen 0.0 mg/l
Chemical Oxygen Demand (COP) 8.0 mg/1
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TABLE A-5
CONCENTRATION OF ETHYLENE GLYCOL (EG) IN THE TEST CHAMBERS
OF THE ACUTE TOXICITY TEST RUN ON CRAWFISH GROUP 1 & 2°

Concentration Concentration of EG in mg/l (dilution factor 100 X)

3 byogofﬁme 0 hr. 24 hr. 48 hr. 72 hr. 96 hr.

GROUP 1:

12.6 1366.97 1182.30 .o - 1170.00
7.9 848.99 749.20 -- .- 747.00
6.3 570.37 561.25 -- .- 559.00
5.0 470.09 445,84 -- -- 434,00
3.2 301.28 297.63 -- -- : 295.00
0.0 0.0 -- -- -- 0.0

GROUP 2:

12.6 1264.22 -- .- -- 1168.00
7.9 771.56 -- - -- 781.84
6.3 612.84 -- - -- 615.93
5.0 493.03 -- -~ .- 492.21
3.2 310.92 -- -- -- 289.43
0.0 0.0 -- -- -- 0.0

STANDARD 1090.00 1064.00 .- -- 1087.00

2 Ethylene glycol was measured by Gas Chromatography
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TABLE A-6
WATER QUALITY FOR THE DILUTION WATER USED IN THE
TOXICITY TEST OF ETHYLENE GLYCOL (EG) ON BLUE GILLS
{(Lepomis macrochirus) GROUP 1 & 2

Parameter Tested Value

pH 7.5 s.u,
Alkalinity 65 mg/l as CaCO,
Total Residual Chlorine 0.0 mg/1

Total Hardness 255 mg/l as CaC0,
Dissolved Oxygen 8.6 mg/1

Ammonia Nitrogen 0.0 mg/1
Chemical Oxygen Demand (COD) . 6.5 mg/l

63




TABLE A-7
DISSOLVED OXYGEN DATA FOR THE ACUTE TOXICITY OF
ETHYLENE GLYCOL (EG) ON BLUE GILLS
(Lepomis macrochirus) GROUP 1 & 2

Concentration D.0. (mg/l) at

of EG
% by Volume 0 hr. 24 hr. 48 hr, 72 hr. 96 hr.
GROUP 1:
4.5 8.5 6.8 5.0 5.0 4.8
3.5 B.4 7.8 6.4 6.0 5.6
2.5 8.4 7.5 5.5 5.0 5.0
2.0 8.4 6.8 6.0 5.5 5.2
1.0 8.4 7.4 6.4 5.2 . 5.0
0.0 8.4 7.7 7.6 7.6 7.6
GROUP 2:
4.5 8.3 7.0 6.2 5.8 5.0
3.5 . 8.4 6.6 6.0 5.4 5.0
2.5 8.3 6.6 5.8 5.0 4.8
2.0 8.3 7.0 6.0 5.5 5.3
1.0 8.3 6.9 6.5 5.7 5.2
0.0 8.4 7.8 7.4 7.3 7.6
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TABLE A-8
pH DATA FOR THE ACUTE TOXICITY TEST OF
ETHYLENE GYLCOL (EG) ON BLUE GILLS
(Lepomis macrochirus) GROUP 1 & 2

Concentration pH (s.u.) at

of EG
% by Volume 0 hr. 24 hr. 48 hr. 72 hr. 96 hr.
GROUP 1:
4.5 7.6 6.5 6.5 6.6 6.7
3.5 7.5 6.5 6.5 6.3 6.4
2.5 7.5 6.6 6.5 6.4 6.4
2.0 7.4 6.6 6.5 6.4 6.4
1.0 7.4 6.5 6.3 6.3 6.3
0.0 7.4 6.4 6.4 6.4 6.5
GROUP 2:
4.5 7.8 6.5 6.4 6.6 6.7
3.5 7.6 6.5 6.5 6.4 6.4
2.5 7.6 6.6 6.5 6.5 6.4
2.0 7.5 6.5 6.4 6.5 6.5
1.0 1.4 6.6 6.4 6.3 6.3
0.0 7.4 6.4 6.5 6.5 6.5
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TABLE A-9
WATER TEMPERATURE DATA FOR THE ACUTE TOXICITY TEST OF
ETHYLENE GYLCOL (EG) ON BLUE GILLS
(Lepomis macrochirus) GROUP 1 & 2

Concentration Temperature in Degrees Centigrade at

] byosogime 0 hr. 24 hr, 48 hr. 72 hr. 96 hr.
GROUP 1:

4.5 21.0 20.0 20.5 20.0 21.0
3.5 21.0 20.0 20.5 20.0 21.0
2.5 21.0 20.5 20.5 20.0 21.0
2.0 20.5 20.0 20.5 20.5 20.5
1.0 21.0 21.0 20.5 20.5 21.0
0.0 21.0 20.0 '20.5 20.0 21.0
GROUP 2:

4.5 21.0 20.5 20.5 20.5 21.0
3.5 21.0 20.5 20.5 21.0 21.0
2.5 21.0 21.0 21.0 20.5 20.5
2.0 | 20.5 20.5 20.5 21.0 21.0
1.0 21.0 20.5 20.5 21.0 21.0
0.0 21.0 20.5 20.5 20.5 21.0
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: . TABLE A-10
CONCENTRATION OF ETHYLENE GLYCOL (EG) IN THE TEST CHAMBERS
OF THE ACUTE TOXICITY TEST RUN ON BLUE GILLS
(Lepomis macrochirus) GROUP 1 & 2

i

N
2

Concentration Congeﬁ;ration of EG in mg/l (dilution factor 100 X)
L byogogﬁme 0 hf.?; 24 hr, 48 hr. 72 hr, 96 hr.
GROUP 1:
4.5 470,30 -- -- .- 441 .80
3.5 340.46 - - -- 330.00
2.5 279.53 - -- -- 270.65
2.0 193,68 - -- .- 190.95
1.0 110.00 o e .- 101.54
0.0 0.00 -~ .. T .- 0.00
GROUP 2: s -
4.5 452.40 -- - - .- --
3.5 339,62 .- - .. 340.90
2.5 246,78  -- - '-~_- -- 248.40
2.0 196.00 - -- . 186.21
1.0 93.29 - -- -- .95.992
0.0 r 0.0 ' -- -- ;- : 0.6&
i )
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TABLE A-11l
UPTAKE DATA FOR INDIVIDUAL CRAWFISH ORGANS FOR
SYSTEM I (50 ug/ml EG)

Time Animal
Day No.
0 1
0 2
0 3
1 1
1 2
1 3
2 1
2 2
2 3
3 1
3 2
3 3
4 1
4 2
4 3
5 1
5 2
5 3
6 1
) 2
6 3
8 1
8 2
8 3
10 1
10 2
10 3
12 1
12 2
12 3
14 1
14 2
14 3
16 1
16 2
16 3
19 1
19 2
19 3
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Time
Day

22
22
22
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47
47
47

49
49
49

5L
51
51

53
53
53

55
55
55

57
57
57

59
59
39

61
61
61

Animal
No .

Lo [P S e (PO S WA [P S WA

[YLRE N

WNE woHE Wwh e

L

TABLE A-1% (continued)

-G11ls Muscles

G.I.

N oo
=KV - ]
owo

U W N
SO

[T
oONnO
0o oW

23.6 -
78.0
38.0

43,2 "
30.3
27.6

130.0
45.7
7.1

31.2° -
18.2: .
67.7

32:4°
30.7: =
34.0

26.0% .,
24,050
32.5

125.5 -
50.87
56.6

19.8°
21,4
23.2

23,34
24,9
21.7

36.2. .2
30.3: =
24.9

W _
22 - LT

Hepta.

B ped L2
. o m &

WM
She &85
QOO wWme &

ko bt B2
:':‘mthc.'-
[F Y =)

WMRN W
B e NN
O Prwuo

WA e W
§i9|9H
~ O

W EDN LGN W L
BN Cwo -

[

vN N

-
WL Ol Wa

e
MO T O

S ey

la.d;?ﬁ 22.7.
S.&¢ "I . 32.%
12,0 46,2
lh.ﬁf'?f 32;d§ o
16.&. ¢ 26.0:
13.0 20.5

RRR EERO B
11.9 20.4: -
4.3 .- 15:74,%:
11.7 18.6

SV TR
23.1 % 12.908 L8
11.4 - F oy foy
9.0 9.4

3 COIBEEION
9.6 3432008
7.2 11. 458
8.4 18.9

L iR
23.5 22: 41720
28.2 13,8540 7
21.0 18.6 :

' T
20.8 22.0¢ /5%
31.5 18.6:.12
19.7 16.3 7
26.9 53,07 05
41.9 ¢ 2715
32.9 32.7 _
16.1 15.7°
12,1 20,1 - -
10.3 18.2_
14.5 ¢ 13,8 .-
17.0 - 17.8:
25.3 24.6
25.7 24,07 -
23.3 17.5
12.3 3(1.6_=

69

&
1y

B e
s s

T T




TABLE A-12
UPTAKE DATA FOR INDIVIDUAL CRAWFISH ORGANS FOR
SYSTEM II (200 pg/ml EG)

Time Animal Sex Gills Muscles G.I. Hepta.
Day No. .
0 1 M 0.0 0.0 0.0 0.0
0 2 M 0.0 0.0 0.0 0.0
0 3 M 0.0 0.0 0.0 0.0
1 1 F 21.4 42.5 48.0 20.6
1 2 M 26.3 29.3 60.0 34.6
1 3 M 15.1 28.1 117.6 27.0
2 1 F 21.1 31.6 30.0 20.0
2 2 F 26.0 34.0 134.0 31.8
2 3 F 14.0 32.7 85.0 19.6
3 1 M 20.0 65.0 43.0 41.0
3 2 M 15.0 78.0 35.0 51.0
3 3 M 14.9 17.0 157.0 51.0
4 1 M 19.0 45.0 94.0 53.0
4 2 F 18.0 31.0 82.0 41.0
4 3 F 25.0 33.0 85.0 37.8
5 1 F 22.3 40,8 88.3 59.3
5 2 M 2%.9 24.6 78.7 40.6
5 3 M 19.6 56.5 42.2 34.5
6 1 F 40.6 65.8 96.7 59.3
6 2 M 19.3 44,1 65.3 9.7
6 3 F 26.2 51.3 54,9 30.5
8 1 F 29.6 59.8 76.7 53.1
8 2 F 19.8 28.9 53.3 32.7
8 3 M 12.3 41,2 50.9 60.3
10 1 M 26.9 56.3 B3.8 63.3
10 2 M 41.6 -49.3 47.5 41.8
10 3 M 33.3 30.7 68.9 50.3
12 1 M 43.5 73.4 73.8 83.1
12 2 F 29.3 43.0 89.4 58.2
12 3 F 32.2 47.2 116.0 49.0
14 1 F 51.0 92.3 98.0 75.2
14 2 M 43.5 65.9 62.4 61.3
14 3 F 39.2 59.5 79.3 54.4
16 1 M 39.2 82.1 78.6 58.3
16 2 M 61.3 55.7 53.7 33.9 -
16 3 F 50.2 64,2 61.9 48.2
19 1 M 55.7 62.3 65.3 49.2
19 2 M 43.2 57.6 23.2 33,1
19 3 M 37.1 38.8 36.4 30.8
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TABLE A-12 (continued)

Time Animal Sex Gills Muscles G.I. Hepta.
Day HNo.

22 1 F 19.0 48.2 26.0 40.9
22 2 M 32.0 31.2 50.0 37.1
22 3 F 20.0 77.0 46.0 35.0
26 1 M 26.9 29.4 52.5 50.3
26 2 M 14.0 42.0 68.2 40.7
2% 3 F 35,1 63.8 79.6 62.6
29 1 F 29.0 25.9 44,0 30.3
29 2 M 20.0 48.0 60.0 20.0
29 3 F 28.0 36.8 54.0 23.7
3% 1 F 25.6 42.7 73.0 36.7
36 2 F 22.5 61.0 69.8 42,7
% 3 M 27.2 47.3 92.0 67.3
45 1 F 45,1 64,3 60.2 62.3
45 2 M 38.6 135.7 53.0 40.0
45 3 F 20.0 57.4 77.3 21.4
47 1 M 56.4 69.0 185.0 21.2
47 2 M 48.0 57.8 160.0 47.5
47 3 F 46.0 58.0 87.8 19.0
49 1 M 19.8 166.6 172.9 32.6
49 2 F 22.0 50.6 42.1 48.0
49 3 ¥ 17.6 52.5 38.8 45,0
51 1 47.2 40.1 57.9 16.8
51 2 M 51.9 41.6 48.2 11.5
51 3 F 35.7 28.6 47.9 82.6
53 1 M 53.6 47.6 55.8 26.9
53 2 M 23.1 67.7 43.2 35.8
53 3 F 53.6 23.4 33.6 100.0
55 1 M 42.3 245 39.8 67.3
55 2 F 63.1 151.5 54.8 31.0
55 3 M 52.3 66.2 47.8 79.5
57 1 M 20.5 181.5 62.3 94.3
57 2 M 28.2 42.1 55.5 47.7
57 3 F 16.3 14.3 41.0 16.5
59 1 M 41.0 53.0 37.8 101.2
59 2 M 26.5 84.3 86.1 55.4
59 3 M 31.3 62.8 59.7 31.3
61 1 M 32.5 25.9 104.3 85.6
61 2 M 47.1 51.6 8l.4 58.1
61 3 F 45.3 49.5 64.6 51.3
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TABLE A-13
UPTAKE DATA FOR INDIVIDUAL CRAWFISH ORGANS FOR
SYSTEM III (1000 pg/ml EG)

Time Animal . Sex Gllls Muscles G.I. Hepta.
Day No.
0 1 M 0.0 0.0 0.0 0.0
0 2 F 0.0 0.0 0.0 0.0
0 3 F 0.0 0.0 0.0 0.0
1 1 M 75.5 89.2 48.0 20.6
1 2 M 26.4 35.5 60.0 34.6
1 3 M 12.6 45.5 117.6 27.0
2 1 F 66.5 122.0 30.0 20.0
2 2 F 43.9 118.9 134.0 31.8
2 3 F 29.9 133.4 85.0 19.6
3 1 M 50.9 144.0 43.0 41.0
3 2 M 50.9 109.0 35.0 51.0
3 3 M 76.4 174.0 157.0 51.0
4 1 M 54.0 112.0 94.0 53.0
4 2 F 60.2 58.2 82.0 41.0
4 3 F 66.5 153.8 85.0 37.8
5 1 F 69.2 130.1 88.3 59.3
5 2 M 45.7 89.8 78.7 40.6
S 3 F 59.1 100.3 42.2 34.5
6 1 F 159.7 214.3 96.7 59.3
6 2 F 119.2 166.9 65.3 39.7
6 3 M 110.3 173.3 54.9 - 30.5
8 1 M 123.1 le8.1 76.7 53.1
8 2 F 82.4 109.0 53.3 32.7
8 3 F 95.4 150.0 50.9 60.3
10 1 M 167.2 178.9 83.8 63.3
10 2 M 142.7 127.6 47.5 41.8
10 3 M 113.9 136.3 68.9 50.3
12 1 M 177.4 259.3 73.8 83.1
12 2 M 110.1 188.1 89.4 58.2
12 3 F 98.2 201.1 116.0 49.0
14 1 F 201.1 278.3 98.0 75.2
14 2 M 160.7 226.9 62.4 61.3
14 3 M 253.9 216.7 79.3 4.4
16 1 M 214.0 266.3 78.6 58.3
16 2 F 141.1 215.7 33.7 33.9
16 3 F 156.1 250.1 61.9 48.2
1 F 170.7 237.6 65.3 49.2
2 F 195.5 169.8 23.2 33.1
3 M 218.5 190.3 36.4 30.8
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TABLE A-13 (continued)

Time Animal Sex Gills Muscles G.I. Hepta.

Day No. ?

22 1 F 138.0 207.0 96.0 105.4

22 2 F 113.0 181.0 186.0 138.0 !

22 3 F 155.0 170.0 145.5 132.2 !
. |

26 1 M 148.0 160.0 156.0 211.0 15

26 2 F 147.2 194.0 150.8 111.0

26 3 M 165.6 220.0 54.0 84.2

29 1 M 126.0 105.1 101.2 126.5 f

29 2 F 156.6 185.5 i81.6 186.0 |

29 3 F 93.2 102.1 110.7 98.6

B 1 M 207.0 269.0 209.0 166.0 f

36 2 M 126.0 110.2 115.0 85.2

36 3 F 117.0 96.4 175.0 71.7

45 1 F 288.0 251.0 396.0 106.0

45 2 M 154.0 835.7 130.0 235.0

45 3 M 216.0 57.4 477.0 96.0 ;

47 1 F 120.0 191.0 63.0 77.0 %

47 2 M 392,2 222.0 29.0 216.0 %

47 3 F  189.7 122.3 77.0 72.1 f

49 1 M 291.0 409.0 395.0 281.0 %

49 2 M 124.0 254.0 243.0 125.0 |

49 3 F 140.0 330.0 167.2 120.0 ;

51 1 M 239.9 124.8 266.6 78.2 i

51 2 F 129.0 118.8 220.9 94.7

51 3 F 280.7 248.0 55.3 120.6

53 1 " F 153.2 115.5 124.8 170.7

53 2 M 236.4 58.1 92.6 9.4

53 3 F 181.2 248.0 126.0 101.3 |

g

55 1 M 307.3 308.5 317.6 228.5 :

55 2 M 132.7 147.0 146.3 463.5

55 3 M 135.0 128.0 122.1 144.0

57 1 F 173.2 282.9 63.0 73.0

57 2 M 231.3 144.9 586.1 212.9

57 3 M 288.8 270.7 148.0 129.7

59 1 M 286.5 172.6 193.3 125.7

59 2 F 228.2 82.9 106.4 150.0

59 3 F 396.5 160.8 106.2 82.6

61 1 F 161.0 185.0 268.0 213.0

61 2 F 213.0 212.0 317.0 268.0

61 3 F 240.0 234.0 220.0 189.0
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TABLE A-14

LOSS DATA FOR INDIVIDUAL CRAWFISH ORGANS FOR

SYSTEM I (50 pg/ml EG)

Hepta,

Sex Gills Muscles G.I.

Animal

Time
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TABLE A-14 (continued)
Time Animal Sex Gills Muscles
No.

Day
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TABLE A-15

LOSS DATA FOR INDIVIDUAL CRAWFISH ORGANS FOR

SYSTEM II (200 ug/ml EG)
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TABLE A-15 {(continued)

Gills

G.I. Hepta.

Muscles

Sex

Time Animal
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TABLE A-16

LOSS DATA FOR INDIVIDUAL CRAWFISH ORGANS FOR

SYSTEM III (1000 pg/ml EG)
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TABLE A-16 {continued)
Time Animal Sex Gills Muscles
No.
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APPENDIX B

Monitoring Water Parameters:

Dissolved oxygen and pH meters were calibrated before each use. Alkalinity
and total hardness were determined according to procedures in Standard Methods
for Testing Water and Waste Water. All glassware were acid washed and rinsed’
with deionized, distilled water.

Ethylene Glycol Standards:
Preparation and analysis

A stock solution of 1000 mg/l ethylene glycol concentration was prepared
by adding 0.9 ml of pure ethylene glycol in a liter of distilled water. The
stock solution of ethylene glycol was used to prepare standards of different’
ethylene glycol concentrations. Ethylene glycol standards were prepared daily
and analyzed before sample analysis (see Table B-1). R




TABLE B-1
STANDARDS FOR ETHYLENE GLYCOL CONCENTRATION
ANALYZED BY GAS CHROMATOGRAPH

Expected Value Observed Value
mg/1 mg/l1
40 40.0
30 30.5
30 30.8
25 25.4
40 42.0
30 30.5
40 29.8
30 22.5
40 28.2
30 24.7
30 30.5
30 30.0

Field and Laboratory Samples:

Field samples including water, sediment, soil and air filters were
collected in acid washed glass containers, preserved with 2% propanol and
refrigerated until analysis.

Crawfish tissues in the laboratory were Immediately extracted
following dissection. They were centrifuged and the supernatant was then

analyzed.

Recovery of Ethylene Glycol and Crawfish Tissues:
Known concentrations of ethylene glycol were added to ethylene glycol
free crawfish tissues and were treated exactly the same as sample and analyzed.

Percent recovery was determined (Table B-2).
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TABLE B-2
PERCENT RECOVERY OF ETHYLENE GLYCOL FROM CRAWFISH TISSUES

Tissues

Gills
Muscles
G.I.

Hepatopancreas

% Recovery
1 2 3 4 5 Average
60 62 75 83 73 71
80 66 83 84 79 78
69 72 77 65 66 70
69 67 85 89 84 79
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Recovery of Ethylene Glycol from Feed (Quaker Oats):

Ten grams of commercial Quaker Oats, which was used as crawfish feed,
were placed in known concentr#tion of ethylene glycol, treated exactly the same

as samples, and analyzed. Percent recovery was determined (Table B-3).

TABLE B-3
PERCENT RECOVERY OF ETHYLENE GLYCOL FROM QUAKER OATS

Expected EG Observed EG
Concentration . Concentration ’ ]
{mg/1) (mg/1) Racovery
0.0 0.0
10.0 10.0 100
50.0 49.0 98
100.0 101.0 100
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Spike samples:
Samples were spiked with known ethylene glycol concentrations, treated

exactly the same as samples, énd analyzed (Table B-4).

TABLE B-4
PERCENT RECOVERY OF ETHYLENE GLYCOL FROM
SPIKED CRAWFISH TISSUES

Tissue Expected Value Observed Value % Recovery
mg/1 mg/l

Gill 40,0 36.4 91

Muscle 45.6 41.5 91

G.I. 30.0 23.5 78

Hepatopancreas 46.8 37.8 81

Figure B-1 represents the standard curve of ethylene glycol concentrations when
analyzed by gas chromatograph. The least-square best fit line was drawn. This
curve was used to determine the concentrations of ethylene glycol in the analyzed

samples.
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Recovery of Ethylene Glycol from Soil, Water and Sediment:

Known concentrations of ethylene glycol were added to ethylene glycol free
water, sediment and soil samples, treated exactly the same as samples, and
analyzed. Percent reéovery was determined (Table B-5).

TABLE B-5

PERCENT RECOVERY OF ETHYLENE GLYCOL FROM WATER, SOIL
AND SEDIMENT SAMPLES

Sample Expected EG Observed EG % Recovered
Concentration Concentration
(mg/1} (mg/1)
Water 0.0 0.0
10.0 10.0 100
30.0 30.6 100
60.0 60.0 100
100.0 100.0 100
Soil 0.0 0.0
10.0 11.0 100
30.0 30.0 100
60.0 63.0 100
100.0 98.0 98
Sediment 0.0 0.0
10.0 10.0 100
50.0 50.5 100
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Figure B-1. Standard curve of ethylene glycol using a gas chromatograph
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TABLE B-6
RESULTS OF STANDARD SAMPLES ANALYZED EVERY TEN SAMPLES
TO CHECK FOR THE ACCURACY OF THE ANALYSIS DURING THE UPTAKE PHASE
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Expected (mg/l)
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TABLE B-6 (continued)

Observed (mg/l)

Expected (mg/l)

Time
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TABLE B-6 (continued)

Observed (mg/l)

Expected (mg/l)

Time
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TABLE B-7
RESULTS OF STANDARD SAMPLES ANALYZED EVERY TEN SAMPLES

TO CHECK FOR THE ACCURACY OF THE ANALYSIS DURING THE LOSS PHASE

Observed (mg/l)

Expacted (mg/l)

Time
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TABLE B-7 (continued)

Observed (mg/l)

Expected (mg/l)

Time
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APPENDIX C

Data fitting of the results in a one compartment model for the selected tissues.

Model fitting showing effect of weight and sex of crawfish on the concentration
of ethylene glycol in selected tissues.

One-way ANOVA for uptake and loss kinetics, bioconcentration factor and half-
lives.




One Compartment Model Equation:

Where:

C/m = ki/ko (l-exp(-ko¥*time))

c =~ concentration of the chemical in animal tissue
m = concentration of the chemical in the medium
ki = rate of thé chemical uptake

ko = rate of the chemical elimination

A plot of C/m vs, l-exp(-ko*time) is a straight line with slope equal to ki/ko,

TABLE C-1
DATA ANALYSIS OF GILLS SAMPLES FOR ANIMALS EXPOSED TO
SYSTEM I (50 ug/ml EG BY ANOVA
(SHOWING LACK-OF-FIT)

Source df 8s Ms ¥ ratlo

Total 14 1.006

Regression 1 0.426 0.426 53.6

Residual 73 0.580 0.008

Lack of Fit 23 0.214 0.0093 1.27 {not
significant
at a = 0.05)

Pure Error 50 0.366 ‘ 0.0073

Slope = ki/ko = 0.33

ko = 0,547
ki - 0.18
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TABLE C-2
DATA ANALYSIS OF MUSCLE SAMPLES FOR ANIMALS EXPOSED TO
SYSTEM I (50 pg/ml EG) BY ANOVA
{SHOWING LACK-OF-FIT)

Source df SS MS F ratio
Total 74 4,870
Regression 1 1.202 1.202 25.3
Residual 73 3.468 0.0475
' Lack of Fit 23 0.979 0.0426 0.86 (not
‘ ' significant
at a - 0.05)
Pure Error 50 2.489 0.0498

Slope = ki/ko = 0.572

ko = 0.616
ki - 0.352
TABLE C-3
DATA ANALYSIS OF G.I., SAMPLES FOR ANIMALS EXPOSED TO
SYSTEM I (50 pg/ml EG) BY ANOVA
(SHOWING LACK-OF-FIT)
% Source df sS MS F ratio
Total 74 13.557
f Regression 1 2.626 2.626 17.5
! Residual 73 10.930 0.1497
i Lack of Fit 23 4.775 0.207 1.68 (not
: significant
at a = 0.05)
Pure Error 50 6.156 0.123

Slope = ki/ko = 0,859
ko = 0.672
ki = 0,577
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TABLE C-4
DATA ANALYSIS OF HEPTA. SAMPLES FOR ANIMALS EXPOSED TO
SYSTEM 1 (50 pg/ml EG) BY ANOVA
(SHOWING LACK-OF-FIT)

Source df SS MS F ratio

Total 77 4,566

Regression 1 1.189 1.189 26.8

Resgidual 76 3.376 0.0444

Lack of Fit 24 1.496 0.0623 1.72 {(not
significant
at a = 0.05)

Pure Error 52 1.88 0.0362

Slope = ki/ko = 0.532
ko = 0.453
ki = 0.241
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TABLE C-5
DATA ANALYSIS OF GILLS SAMPLES FOR ANIMALS EXPOSED TO
SYSTEM II (200 ug/ml EG) BY ANOVA
(SHOWING LACK-OF-FIT)

Source df 1 MSs F ratio

Total 77 0.373

Regression 1 0.113 0.113 33

Residual 76 0.259 0.003

Lack of Fit 24 0.115 0.0047 1.72 (not
significant
at a = 0,05)

TARLE C-6

DATA ANALYSIS OF MUSCLE SAMPLES FOR ANIMALS EXPOSED TO
SYSTEM ITI (200 ug/ml EG) BY ANOVA
(SHOWING LACK-OF-FIT)

Source df S5 MS F ratio

Total 77 1,756

Regression 1 0.333 0.333 17.8

Residual 76 1.423 0.018

Lack of Fit 24 0.41 0.0171 0.88 {not
significant
at a = 0.05)

Pure Error 52 1.013 0.0195

Slope = kis/ko = 0.282
ko = 0,454
ki = 0.130
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TABLE C-7

DATA ANALYSIS OF HEPTA. SAMPLES FOR ANIMALS EXPOSED TO
SYSTEM II (200 ug/ml EG) BY ANOVA

(SHOWING LACK-OF-FIT)

Source df SS MS F ratio

Total 73 1.330

Regression 1 0.1336 0.1336 8.03

Residual 72 1.197 0.017

Lack of Fit 21 0.4388 0.0209 1.39 {not
significant
at a = 0.03)

Pure Error 51 0.7582 0.0150

Slope = ki/ko = 0.182

ko = 0.490
ki - 0.09
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TABLE C-8
DATA ANALYSIS OF G.I. SAMPLES FOR ANIMALS EXPOSED TO
SYSTEM II (200 pg/ml EG) BY ANOVA
(SHOWING LACK-OF-FIT)

Source daf 8S MS F ratio

Total 77 0.849

Regression 1 0.219 0.219 26.4

Residual 76 0.630 0.0083

Lack of Fit 24 0.218 0.0091 1.15 {not
significant
at a = 0.05)

Pure Error 52 0.412 0.0079

Slope = ki/ke = 0.236
ko = 0.524
ki = 0.124
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TABLE G-9
DATA ANALYSIS OF GILLS SAMPLES FOR ANIMALS EXPOSED TO
SYSTEM III (1000 ug/ml EG) BY ANOVA
(SHOWING LACK-QF-FIT)

Source df S8 MS F ratio

Total 77 0.534

Regression 1 6.092 : 0.092 15.8

Regidual 76 0.442 0.0058

Lack of Fit 24 - 0.2063 0.0085 1.8 (not
significant
at & = 0.05)

Pure Error 52 0.2357 0.00453

Slope = ki/ko = 0,175
ko = 1.327
ki = 0.232
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TABLE C-10
DATA ANALYSIS OF MUSCLES SAMPLES FOR ANIMALS EXPOSED TO
SYSTEM III (1000 pg/ml EG) BY ANOVA
(SHOWING LACK-OF-FIT)

Source df sS MS F ratioc

Total 75 0.472

Regression 1 0.121 0.121 25.5

Residual 74 0.351 0.0047

Lack of Fit 24 0.142 0.0059 1.4 (not
significant
at a = 0.05)

Pure Error 50 0.209 0.0042

Slope = ki/ko = 0.199
ko = 1.185
ki = 0.236
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TABLE C-11
DATA ANALYSIS OF G.I. SAMPLES FOR ANIMALS EXPOSED TO
SYSTEM III (1000 pg/ml EG) BY ANOVA
(SHOWING LACK-OF-FIT)

Source df ss MS F ratio

Total 72 0.7125

Regression 1 0.1304 0.1304 15.9

Residual 71 0.5822 0.0082

Lack of Fit 21 0.127 0.0060 0.66 {not
significant
at a = 0.05)

Pure Error 50 0.455 0.0091

Slope = ki/ke = 0,205
ko = 1.108
ki « 0,227

TABLE C-12
DATA ANALYSIS OF HEPTA. SAMPLES FOR ANIMALS EXPOSED TO
SYSTEM III (1000 pg/ml EG) BY ANOVA
(SHOWING 1ACK-OF-FIT)

Source afr S8 MS F ratio

Total 77 0.398

Regression ) 0.083 0.083 20

Residual 71 0.3149 0.0041

Lack of Fit 24 0.123 0.0051 1.38 (not
significant
at a = 0.05)

Pure Error 52 0.192 0.0037

Slope = ki/ko = 0,161
ko = 0,969
ki = 0.156
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TABLE C-13
MODEL FITTING RESULTS SHOWING EFFECT OF WEIGHT
ANS SEX OF CRAWFISH ON ETHYLENE GLYCOL CONCENTRATION
- IN GILLS SYSTEM I

Independent Coefficient std. Error T-value Sig. Level
Variable
Constant 0.21 0.08 2.63 0.01
Time 0.002 0.0008 2.4 0.018
Sex 0.0048 0.034 0.14 0.89
Weight 0.0046 0.052 0.87 0.38
R-SQRD (ADJ.) = 0.0615
ANOVA for variables in the order fitted
Source Ss df MS F-Ratio P-value
Time 0.144 1 0.144 6.99 0.01
Sex 0.0018 1 0.0018 0.09 0.769
Welght 0.016 _ 1 0.016 0.77 0.393
Pearson correlation matrix for the ccefficient variables.

Constant Time Sex Weight
Constant 1.000 -0.142 -0.504 -0.69
Time -0.142 1.000 0.043 -0.19
Sex -0.504 0.043 1.000 -0.172
Weight -0.694 -0.190 -0.172 1.000
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TABLE C-14
MODEL FITTING RESULTS SHOWING EFFECT OF WEIGHT
ANS SEX OF CRAWFISH ON ETHYLENE GLYCOL CONCENTRATION
_IN GILLS SYSTEM II

Independent Coefficient Std. Error T-value Sig. Level
Variable

Constant 0.0983 0.044 2.09

Time 0.00091 0.0004 2.16

Sex 0.0023 0.017 0.136

Weight ' 0.024 0.0029 0.825

R-SQRD (ADJ.) = 0.0615

ANOVA for variables in the order fitted

Source sSs df MS F-Ratio P-value
Time 0.032 1 . 0.032 5,03 0.017
Sex 0.00068 1 0.00068 0.01 0.912
Welght 0.00369 1 0.0369 0.68 0.42

Pearson correlation matrix for the coefficient variables.

Constant Time Sex Weight
Constant 1.000 .0.119 -0.61 0.75
Time -0.119 1.000 0.093 -0.245
Sex -0.607 0.093 1.000 0.0285
Welight -0.746 -0.243 0.285 1.000
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TABLE G-

15

MODEL FITTING RESULTS SHOWING EFFECT OF WEIGHT
ANS SEX OF CRAWFISH ON ETHYLENE GLYCOL CONCENTRATION
JIN GILLS SYSTEM III

Independent Coefficient Std. Error T-value Sig. Level
Variable
Constant 0.09 0.04 2.24 0.028
Time 0.002 0.0004 5.6 0.000
Sex -0,012 0.017 -0.688 0.494
Welght -0.0009 0.026 0.036 0.971
R-SQRD (ADJ.) = 0,288
ANOVA for variables in the order fitted
Source 58 af MS F-Ratio P-value
Time 0.18 1 0.18 32.5 0.000
Sex 0.0027 1 0.0027 0.49 0.495
Weight 0.00007 1 0.000007 0.00 0.972
Pearson correlation matrix for the coefficient variables.

Constant Time Sex Weight
Constant 1.000 -0.096 -0.544 -0.693
Time -0.096 1.000 0.022 -0.213
Sex -0.539 0.022 1.000 0,123
Weight -0.693 -0.213 -0.123 1.000
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OB WEIGHT:
CENTRATION,.

HODEL FI'ITIN@ R.ES

Independent - Coefficient
Variable

Constant - 0.199
Time ’ 0.0012
Sex B -0.03
Weight ‘ 0,027

R-SQRD (ADJ.) = 0.0178

ANOVA for variables in the order fitted

Sourceé’” 8§ daf MS i

Time I © 0.064. " 1 05w 0 0,064 ! ‘ e :
Sex .2 3L3.0 0.0127 100 0.0127¢ a. 61}*’* -0 T A
1 0 . ;

Weight “=f.7 0.0135¢ Sl 0.0135; 0.65 - siazak

Pearson correlation matri for: the coefficient’ variables. . ... j:iwyins cozteod

L Constant e Time:}? Bex s Welght

Constant St 1.0000EE G -0:143 s ¢ -0,785 e vmged
Time S 201620005 21!'3.000 . PR N 182 s T
~ Sex S @0l125- 1.000:¢: .5 -0.134 s
Weight Ch o .0,7850 00 <0{182 -0.134 ;7 . 1,000 P
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TABLE C-17

MODEL FITTING RESULTS SHOWING EFFECT OF WEIGHT
ANS SEX OF CRAWFISH ON ETHYLENE GLYCOL CONCENTRATION
IN G.I. SYSTEM I

Independent Coefficient Std. Error T-value Sig. Level
Variable
Constant 0.426 0.216 1.97 0.052
Time 0.0038 0.0025 1.51 0.135
Sex -0.0246 0.11 -0,223 0.824
Welight 2.45 1.71 1.43 0.157
R-SQRD (ADJ.) = 0.0221
ANOVA for variables in the order fitted
Source 8S ' df MS F-Ratio P-value
Time 0.525 1 0.525 2.57 0.114
Sex 0.011 1 0.011 0.05 0.818
Weight 0.419 1 0.419 2.05 0.157
Pearson correlation matrix for the coefficient wvariables.

Constant Time Sex Welght
Constant 1.000 -0.293 -0.534 -0.541
Time -0.293 1.000 0.029 -0,061
Sex -0.534 0.029 1.000 -0.311
Weight -0.541 -0.061 -0.311 1.000
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ONE-WAY ANALYSIS OF VARIANC‘;(ANQYA)MFOR.IHE

UPTAKE RATE CONSTANTS FOR SYSTEMS:'
IT (ki2) & III (ki3):

f}:(kii) LA

Tissgues kil ki2 ki3

Gills 0.18 0.12 0.232 0.

Muscles 0.353 0.130 0.236 0.

G.I. 0.577 0.114 0.227 0.

Hepta. 0.241 0.124 0.156 0.521 = P4 ...1
1.35 0.488 0.851 2.869 =G
Tl T2 T3

Source of Variation S8 daf MS P Ratio

Between Tissues 0.034547 3. 0.011516 1.118

Within Tissues 0.155019 8 0.01938 1.88

ki 0.0932 2 0.0466 4,52

Residual 0.061819 6 0.01030
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TABLE €-19
ONE-WAY ANALYSIS OF VARIANCE (ANOVA) FOR THE
ELIMINATION RATE CONSTANTS FOR SYSTEMS I (kol),

II (ko2)} & III (ko3)

Tissues kol ko2 kol Total
Gills 0.457 0.654 1.327 2.438 = P1
Muscles 0.616 0.454 1.185 2.255 = P2
G.I. 0.672 0.654 1.108 2.434 = P3
Hepta. 0.453 0.524 0,969 1.946 = P4
2.198 2.286 4,589 9.073 = G
T1 T2 T3
Source of Variation 8s df MS F Ratlo
Between Tissues 0.0532 3 0.01773 1.318
Within Tissues 0.9997 8 0.1249%6 9.29
ko 0.919 2 0.4595 34.2
Residual 0.0807 6 0.01345
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ONE-WAY ANALYSIS OF VARIANCE (ANOVA) FOR THE
BIOCONCENTRATION FACTOR (BCF) FOR SYSTEMS I (BCFl),
II (BCF2) & III (BCF3)

TABLE C-20

Tissues BCF1 BCFP2 BCF3 Total
Gills 0.33 0.177 0.175 0.682 = PL
Muscles 0.572 0,282 0.199 1.236 = P2
G.I. 0.859 0.172 0.205 1.236 = P3
Hepta. 0.532 0.236 0.161 0.929 = P4
2,293 0.867 0.74 3.9 -G
TL T2 T3
Source of Variation L33 df MS F Ratio
Between Tissues 0.054 3 0.018 1.10
Within Tissues 0.4697 8 0.0587 3.60
BCF 0.3718 2 . 0,1B59 11.40
Residual 0.0979 6 0.0163
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TABLE C-21
ONE-WAY ANALYSIS OF VARIANCE (ANOVA) FOR THE
BIOLOGICAL HALF-LIVES OF CRAWFISH TISSUE IN
SYSTEMS I (D1), II (D2) & III (D3)

Tissues Dl p2 D3 Total

Gills 1.27 1.06 0.52 2.85 =Pl

Muscles 1.13 1.53 0.58 3.26 = P2

G.I. 1.03 1.06 0.63 2.72 = P3

Hepta. 1.53 1.32 0.72 3.57 = P4
4.96 4,97 2.45 12.38 =G
Tl T2 T3

Source of Variation ss daf MS F Ratio

Between Tissues 0.1511 3 0.0504 1.86

Within Tissues 1.222¢9 8 0.15286 3.63

BCF 1.06 2 0.53 19.52

Resgidual 0.1629 6 0.02715
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