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The use of sa l t  (NaCI and CaCI2) for roaJ deicing has resulted 
in physical and environmental damage. Salt damages highway struc- 
tures, vehicles, u t i l i t y  l ines and roadside vegetation, and i t s  use 
has also caused the contamination of surface and groundwaters (HAYES 
et al .  1970). MURRAY and ERNST (1976) estimate that sa l t  causes 
2.6 b i l l i o n  dol lars of damage per year in the United States. This 
economic and environmental cost has prompted a search for a sa l t  
subst i tu te .  Several chemical compounds are presently being evaluated 
for the i r  effectiveness in preventing ice adhesion on road surfaces 
(AHLBORN and POEHLMANN 1976). These compounds are also potent ial  
contaminants of surface waters through runoff from prepared road sur- 
faces. My object ive was to assess the potential  environmental 
hazard of these experimental surfacing compounds to aquatic organisms 
by determining the acute t o x i c i t y  (96 h) of these compounds (as water 
leachates) to Daphnia pulex which is a common microscopic inhabi tant 
of lakes and is a sensi t ive test  organism for t o x i c i t y  studies. 

METHODS 

Each of eight hydrophobic test  compounds designated as compound 
B, C, F, I ,  J, K, or L contains a non-pigmented paint binder, a s i l i -  
con rubber mater ial ,  technical grade naphtha (petroleum ether) ,  and 
2-propanol (Table I ) .  Petroset AT, (Ph i l l ips  Petroleum Co.) a water 
miscible material used for asphalt renovation, was also tested for 
t o x i c i t y .  Compounds B through L are applied as a thin layer to the 
road surface and they dry rap id ly  (= �89 h). Petroset AT reacts chem- 
i c a l l y  with the asphalt surface which reportedly resul ts in an improved 
asphalt surface. 

Weather and abrasion constantly erodes any coating of a road 
surface and runoff carr ies th is  material into surface waters. There 
is also a p o s s i b i l i t y  of a storm during the appl icat ion of these com- 
pounds. I wanted, therefore, to determine the t o x i c i t y  of water 
(leachate) which was in contact with the dried surfacing compounds 
and the t o x i c i t y  of water leachate from wet surfacing compounds. 

The laboratory culture of D. pulex was cloned three times from 
a wild stock collected from Medical Lake, Washington. D. pulex was 
grown in aquaria at 20 + 2 C under 16 h a r t i f i c i a l  daylTght I ~ 0  
foot candles) with an aTgae feed of Selenastrum capricornutum and 
Carteria quadrata. The algae were batch cultured with a medium of 
carbon f i l t e red  well water and addit ions of nitrogen (4.2 mg/~), 
phosphorus (0.19 mg/~) and manure extract  (I ml/c).  
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TABLE 1 

Composition of Experimental Surfacing Compounds 

Used to Control Ice Adhesion. 

Quantity of component/l i ter of compound 

Compound LR81981 LR86521 Dr is i l  732 DC7323 naphtha 2-propanol 
Code (ml) (ml) (ml) (g) (ml) (ml) 

B 476 83 423 18 

C 370 128 470 32 

F 604 37 348 I I  

G 523 65 394 19 

I 579 34 375 I I  

J 512 66 407 15 

K 455 91 431 23 

L 413 107 453 25 

INon-pigmented paint binder-Akron Paint and Varnish Company 

2Non-pigmented paint binder-Texas Solvents and Chemicals Company 

3Sil icon rubber caulking-Dow Corning Company 

The chemical character is t ics  of the carbon f i l t e r e d  well water 
used for the base of the algae media, for preparing leachates of the 
experimental compounds, and as d i l u t i on  and control water were as 
fol lows: tota l  hardness: 120 mg/~ CaCO 3, a l k a l i n i t y :  169 mg/~ CaCO 3, 
Ca: 21.9 mg/~, Mg: 15.7 mg/~, speci f ic  conductance: 265 ~mhos/cm, 
n i t ra te  nitrogen: 0.005 mg/~, n i t r i t e  nitrogen: 0.028 mg/~, ammonia 
nitrogen: 0.18 mg/~, pH: 8.3 - 8.5, and residual chlor ine: <0.04 
mg/~ . Chemical analyses were conducted by methods given in Standard 
Methods (1975). 

The experimental compounds were i n i t i a l l y  dried in beakers for 
24 h at room temperature. To prevent a surface f i lm from developing, 
the beakers were placed on a shaker table at 200 rpm for the 24 h 
drying period. The beakers were then placed in a I00 C oven for  48 
h. Compounds B through L formed a surface layer when dr ied, thus, 
the materials were frequent ly s t i r red  while in the I00 C oven. Each 
of the dried materials (except Petroset AT) was placed in a blender 
with an equal weight of d i l u t i on  water and were blended un t i l  f i ne l y  
ground. The s lurry  of water and ground material was placed in a 
stoppered f lask and rotated at 300 rpm for 48 h at room temperature. 
The water was then separated from the ground materials with a #2 
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f i l t e r  (Whatman) which had been prev ious ly  r insed wi th d i s t i l l e d  water. 
This water leachate is referred to in l a t e r  sect ions of t h i s  paper as 
100% leachate of dr ied sur fac ing material  or dry leachate. 

Dried Petroset AT, which has a consistency of  l i g h t  t a r ,  read i l y  
mixes with water when agi ta ted.  I added an equal weight of  water to 
the dried Petroset AT and l e f t  i t  undisturbed fo r  48 h. The aqueous 
layer ( leachate) was then co l lected by asp i ra t ion  wi thout  f i l t r a t i o n .  
Wet leachates of Petroset AT were prepared as water d i l u t i o n s  of the 
raw mater ia l .  Fresh stock so lu t ions  of t h i s  material  were prepared 
fo r  each tes t  run. Petroset AT is evaluated separately in the f o l -  
lowing resu l ts  and discussion sect ion.  

Leachates of  wet formulas B through L were prepared by adding 
a volume of water equal to the volume of the wet formula. The con- 
ta iners  were placed on a shaker table and the speed was adjusted to 
move the surfacing material  in the container s l i g h t l y .  I found that  
even though the surfacing compounds are hydrophobic, they do emulsi fy 
in water wi th strong ag i t a t i on .  A f te r  48 h of ag i ta t i on  the aqueous 
layer  ( leachate) was aspirated and co l lec ted.  This leachate is re- 
ferred to as 100% leachate of  wet mater ia ls or wet leachate. A l l  
leachates were stored at  4 C u n t i l  used fo r  tes t ing  and tes t  d i l u t i o n s  
were prepared 8 to 16 h before as assay was begun. 

Assay vessels were 50-ml beakers wi th aluminum f o i l  cap~ to 
retard evaporation. I used an eyedropper to place I0 or more young 
(estimated one or two days old) D. pulex in each tes t  beaker which 
contained 20 or 40 ml of the tes t  so lu t ion .  The amount of cu l tu re  
water car r ied over to the tes t  beakers was estimated to be 0.5 ml. 
Two contro l  beakers which contained 20 and 40 ml d i l u t i o n  water and 
I0 or more D. pulex were used for  each assay. The contro l  mo r ta l i t y  
during the assays did not exceed 10%. The tes t  and contro l  animals 
were fed three drops of algae cu l tu re  on the second day of the assay. 
The assays were conducted at 21 + 2 C. 

Mor ta l i t y  was ascertained during the assays by scanning the 
bottom of the tes t  beakers wi th a 20 X d issect ing microscope. Each 
D. pulex which had ceased a l l  feeding and swimming motions and made 
no response to the eyedropper used to remove i t  was counted as dead. 
The assays were terminated at 96 h from the s ta r t  and the pH of the 
tes t  so lu t ion  in each beaker was measured. 

The d i l u t i o n  or concentrat ion which caused 50% mor ta l i t y  (LC 50) 
was estimated by p l o t t i n g  the mor ta l i t y  on log p rob i t  paper and then 
v i s u a l l y  f i t t i n g  the l i ne .  The LC 50 was read from the f i t t e d  l i ne .  

RESULTS AND DISCUSSION 

Dry Leachates: The LCSO for  ~ p u l e x  ranged from 24% to 
greater than 100% of the dry leachate so lu t ion  f o r  formulas B through 
L (Table 2). 
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TABLE 2 

Percentage Mor ta l i t y  of  Daphnia pulex in Water 
Leachates of  Dried Road Surfacing Compounds 

% Solut ion of Dry Leachate in D i l u t i on  Water 

Compound Estimated 
Code I00 75 67 56 50 42 32 18 I0 LC 50 

B I00 - -  I00 I00 91 - -  I00 0 0 24 

C I00 - -  I00 I00 89 0 0 0 0 49 

F I00 - -  90 I00 78 - -  33 25 30 40 

G 88 - -  25 - -  30 . . . . . . . .  70 

I 0 . . . . . . . . . . . . . . . .  >I00 

J I I  . . . . . .  0 . . . . . . . .  >I00 

K 0 . . . . . . . . . . . . . . . .  >I00 

L I00 85 90 0 I0 - -  0 0 - -  60 

Dry leachates of formulas I ,  J and K exh ib i ted  the leas t  t o x i c i t y  
wi th zero to 11% mor ta l i t y  in 100% dry leachate so lu t ion .  The dry 
leachate of formula B exerted the greatest  t o x i c i t y w i t h  an estimated 
LC 50 of 24% of the leachate. The pH of the dry leachates (8.0 - 8.1) 
were s im i l a r  to the pH of  the d i l u t i o n  water (8.3 - 8 .5) .  

The laboratory  treatment of the dr ied surfacing compounds was 
much more r igorous than would be expected wi th  ra in f a l l i n g  on pre- 
pared road surfaces. In add i t i on ,  ra inwater runo f f  is  d i l u ted  to 
some degree by runof f  from other areas. When these factors  are con- 
sidered with the low t o x i c i t y  found fo r  the laboratory  preparat ions,  
these dr ied surfacing compounds (B through L) are evaluated as prac- 
t i c a l l y  non- tox ic .  

Wet Leachates: The t o x i c i t y  of  the wet leachates ranged from 
3.4% of formula L to 14% of formula I (Table 3). The t o x i c i t y  of 
formulas F and G corresponded wi th  a sharp decrease in pH. The com- 
pound DC732, a component of a l l  the mixtures releases acet ic  acid 
when i t  cures (drys) and the a c i d i t y  appears to have exceeded the 
buf fer ing capacity of the d i l u t i o n  water. The low pH may have been 
a cause of mo r ta l i t y  for  formulas F and G. Death of the tes t  animals 
occurred qu ick ly  (<I h) in so lu t ion  of low pH which also ind icates 
shock from the large pH change may have contr ibuted to the mo r ta l i t y .  

There is  a high co r re la t ion  for  the wet leachates of formulas 
F through L between t o x i c i t y  (I-LC 50) and the percentage of  2-pro- 
panol in each formula (r  = 0.95) ,  however, the percentage of DC732 
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and naphtha also correlate highly (r = 0.93 and r = 0.87 respect ively)  
with t o x i c i t y .  The t o x i c i t y  of the wet leachates is apparently due 
to e i ther  the 2-propanol, the naphtha, the DC732 or a component of 
one of these. 

The rapid drying time of the test  compounds reduces the chance 
of forming a wet leachate in pract ical  use and natural weathering 
would probably be less rigorous than the laboratory treatment. Thus, 
the t o x i c i t y  of the wet leachates to Daphnia pulex and the probable 
environmental r i sk  is minimal. 

TABLE 3 

Percentage Mor ta l i t y  of Daphnia pulex in 
Leachates of Wet Surfacing Mater ials.  

% Solution 

Compound 
Code 18 14 

B I00 . 60 
(7.9) ~ (8.3) 

C I00 I00 
(8.0) (8.I) 

F lO0 5 
(5.5) (7.7) 

G . . . .  

I 100 40 
(5.2) (7.6) 

O . . . .  

K . . . .  

L . . . .  

of Wet Leachate in Di lu t ion Water 

Estimated 
I0 7.5 5.6 3.2 1.8 LC 50 

70 40 22 0 -- 8 
(8.3) (8.4) (8.4) 
30 20 . . . . . .  9.4 

(8.0) (8.0) 
0 14 0 . . . .  13 

(7.9) (8 . I )  (8.1) 
I00 40 30 I0 0 5.8 
(5.2) (7.7) (8.0) (8.4) 

0 0 . . . . . .  14 
(7.8) (8.1) 
I00 0 0 0 0 8.6 
(7.8) (8.0) (7.8) (8.2) (8.3) 
100 100 0 0 0 6.4 
(4.9) (6.8) ( 7 . 7 ) ( 8 . 1 ) ( 8 . 3 )  
100 --  100 15 0 3.4 
(4.6) (7.3) (8.1) (8.1) 

I pH of test  solut ion measured at the termination of each assay (96 h). 

Petroset AT: In contrast to the re l a t i ve l y  non-toxic formulas 
B through L, Petroset AT and the water leachate of dried Petroset AT 
are extremely tox ic  (Table 4), 

Estimated LC 50's for water d i lu t ions  of Petroset AT and d i lu -  
t ions of dry leachate of Petroset AT were 0.11 p~/~ and 6.0 uC/~ 
respect ively.  This material is considered to present a considerable 
environmental r isk  because: I )  i t  is extremely tox ic  2) i t  is slow 
drying and 3) i t  mixes readi ly  with water. The use of Petroset AT 
should be carefu l ly  control led. 
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Further confirmation of the tox ic i ty  of these materials should 
be carried out w i th runo f f  from road surfaces prepared with these 
experimental compounds. 

TABLE 4 

Percentage Mortal i ty of Daphnia pulex in Water Dilutions of 
of Petroset AT and Dry Leachate of Petroset AT. 

Petroset AT d i lu t ion 
( ~  Petroset AT/ d i lu t ion water~ Estimated 
0.32 0.18 0.I0 0.056 LC 50 
I00 I00 33 0 0. I I  ~ / ~  

Dried Petroset AT Leachate 
( ~  leachate of dried Petroset At/~ d i lu t ion water) 

17.8 I0 5.6 3.2 1.8 
I00 90 30 8 0 

Estimated 
LC 50 

6.0 ~ / ~  
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