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ABSTRACT 

In view of the need to find new products and alternatives for controlling the spread of 
Coqui frogs (as well as a replacement for the soon to expire emergency EPA approval 
for the use of hydrated lime), a commercially available food sanitation product was 
evaluated for inclusion in the current inventory of chemicals applied as sprays. This 
product is made from ingredients that are generally regarded as safe (GRAS), and is 
approved for use in food by the FDA and USDA. The efficacy of this product stems from 
its very unique characteristic of having a very high concentration of hydrogen ions (low 
pH) while at the same time having very low corrosive effects on human skin.  A five 
normal concentration with a pH of approximately zero may be held in one’s hand 
without harm. Contrarily, when very small amounts are applied to the skin of Coqui frogs 
it is quickly absorbed and respiration is immediately impaired with lethal results.  Results 
of a field study using one hundred Coqui frogs showed 95% of all frogs were killed 
within fifteen minutes when sprayed with only 1.0 ml of this product.  Phytotoxicity 
varied from none to moderate according to the plant variety and could be minimized 
using a mist versus heavy spray or totally eliminated by rinsing the plant within thirty 
minutes of application.  There are many benefits to this product and further laboratory 
study is needed to balance lethality versus phytotoxicity; however due to its FDA/USDA 
approval for use in food it may be possible to gain emergency approval by the EPA as a 
minimal risk pesticide for use against Coqui frogs.   
 
 
INTRODUCTION.  ACS is a pH modulator that is a commercially available bactericidal 
GRAS product approved for use in food by the FDA and USDA.  It is effective in 
removing E-Coli, Salmonella, Listeria, Campylobacter and other harmful bacteria from 
food. The platform product is alternately formulated for use with meat, fish, produce, 
pharmaceuticals and more. The power of this product resides in its very unique 
characteristic of having both a very high concentration of hydrogen ions (pH of 
approximately zero at a 5N concentration) while at the same time very low 
corrosiveness.  A 5N concentration of this product having a pH of approximately zero 
can be held in the palm of one’s hand without harm.  For Coqui frogs, it’s another story 
for when even a very small amount of this low pH product comes into contact with the 
frogs skin it is quickly absorbed and immediately impacts respiratory function, having 
lethal effects.  As a part-owner of the company that manufactures this product, I have 
worked with the company’s Chief Technical Officer to develop this product for use in 
combating Coqui frogs.   
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OBJECTIVE. Determine the efficacy of ACS-P as a cost-effective and non-toxic means 
for controlling the spread of Coqui. In order to make this determination a three part field 
study was devised to I) determine the lethality of the product on individual frogs and 
klatches of eggs; II) test the product as a substitute for citric acid in a commercial 
application; III) apply the product in a residential setting to observe for phytotoxicity and 
reduction of Coqui noise. 

PART I 

METHODS/MATERIALS. A total of one hundred male and female adult and adolescent 
Coqui frogs were hand-captured from banana trees in groups of twenty over a five week 
period.  Upon capture frogs were collectively placed in a large plastic container and then 
individually moved to 8 oz covered Styrofoam cups, approximately thirty minutes later.  
At the bottom of each cup was a 2x2 inch double thickness layer of paper towel 
saturated with 2 ml of water. Ten minutes after being placed in the cups, each frog was 
then inoculated with 1.0 ml of an 11.5% by volume solution of ACS-P in tap water using 
a 1.0 ml auto-pipette and observed for fifteen minutes. (This TX protocol is similar to 
that used by the USDA Division of Wildlife Research in Hilo). Egg klatches were also 
recovered from the banana trees and divided into groups of approximately ten each.  
One group was sprayed with 2 ml of product and one group was untreated.  The eggs 
were observed over two-three weeks.  

RESULTS. Except for the largest of the female frogs, 95% of all frogs expired within a 
fifteen minutes of inoculation of 1.0 ml of the product.  Some of the larger male frogs 
required an additional ml to cause death within an additional fifteen minute period 
whereas many of the smaller adolescent frogs expired almost instantly. Some of the 
large females that were nearly two inches in length, required inoculation of up to four ml 
of product before lethality was achieved. It was theorized that these females were more 
resistant to the product due to higher levels of hydration.  It was also determined that 
once sprayed, affected and/or dead appearing frogs could not be revived by immersing 
them in water.  Most of the untreated eggs hatched whereas none of the treated eggs 
hatched.   

PART II 

METHODS/MATERIALS. Larger scale tests of the product at the same concentration 
were conducted by Palms of Hawaii.  A five gallon back pack sprayer equipped with a 
mist spray nozzle was used to spray mature Palm trees being prepared for distribution 
with about a gallon of spray each.   

RESULTS. Upon spraying of the trees, frogs were seen to leap off the root balls and 
crowns and from the junctions between the fronds and tree trunks.  Ants were also 
driven off the trees, and removal, if not destruction, of all frogs from the trees was rated 
as excellent by the nurseryman. He was especially pleased because the ACS-P had no 
phytotoxic consequences to the trees.  Citric acid typically causes browning.  
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PART III 

METHODS/MATERIALS. Following these tests of lethality, tests for phytotoxicity were 
accomplished.  Approximately 500 gallons of ACS-P was applied using a heavy spray 
nozzle to a ¼ acre yard that is densely covered with various kinds of trees and under 
growth and which had a healthy population of Coqui frogs.  Plants were observed for 
phytotoxic effects over a one week period.   

RESULTS. Phytotoxicity was found to vary from none to moderate according to the 
variety of plant.  Bromeliads and tender shade-loving plants were found to have 
yellowed leaves and in some cases brown spots where the spray had puddled.  More 
hardy sun-loving plants having thick or waxy leaves were not affected.  It was later 
determined that  phytotoxic effects can be minimized by using a mist versus heavy 
spray that doesn’t puddle on the leaves, or entirely eliminated by washing the product 
off the plant with plain water within 30 minutes of application.  In general, direct contact 
with the frog by the spray must be accomplished in order to have lethal effects; however 
this is not always the case.  (The author has tossed frogs into Styrofoam cups 
containing dried paste product that was more than three weeks old and the frogs died.) 
Careful observation of pre-post sound levels of frogs using an SPL meter was not done 
nor was a post-application body count taken after spraying of the yard.  However, the 
author, with confirmation of a neighbor, noticed that the yard area was noticeably quieter 
for 2-3 weeks until the existing population of unsprayed frogs in neighboring areas 
moved over.  Rainfall in this area is quite heavy so the effects of the product were 
assumed to be lost within a few days.    

SUMMARY CONCLUSIONS. The results of this field study indicate that ACS-P has 
sufficient efficacy to merit further testing in a laboratory setting.  A very desirable quality 
of this product is that the solution can be easily modified to vary the concentration of 
hydrogen and calcium ions.  An optimal balance of these two elements will result in a 
solution that is at once lethal to the frogs yet lacking significant phytotoxicity to most 
plants.  The solution strength used in this study is close to optimal however it is felt that 
it could be improved. A laboratory setting where this determination could be more 
accurately made is being sought by the author.  Given the efficacy found herein and the 
fact that ACS-P is made from components generally regarded as safe (GRAS) and have 
approval by the FDA and USDA for use in food, ACS-P should be considered for 
emergency approval by the EPA as a minimal risk pesticide to replace hydrated lime.  

SUMMARY DISCUSSION.  The advantages of ACS-P are many.  Besides being 
cheaper than citric acid and less hazardous to apply than hydrated lime in combating 
Coqui frogs, it has a number of other potential uses as a pesticide and at lower 
concentrations can be used as a plant nutrient to supply calcium via foliar feeding.  This 
author has found that a solution strength having a pH of 1.8 (too high to kill frogs) was 
effective in killing soft bodied insects such as aphids and spider mites with minimal 
phytotoxicity to a Hibiscus plant. At a slightly higher concentration, and when sprayed 
with approximately 5ml of product, brown (but not confirmed as Humpback) slugs were 
killed.  The product does not appear to harm grasshoppers or lizards but is highly 
irritating to ants, although does kill them.    When applied as a concentrated paste to a 
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dry surface and left to dry on it, post-application lethality to frogs remains unchanged 
until the product is further diluted or washed away with water.  If not killed after coming 
into contact with this surface, frogs will vigorously seek to avoid further contact.  This 
quality could be very useful for forming barriers in nursery and commercial settings.  
Present manufacturing and distribution costs indicate ACS-P can be made available at 
wholesale and retail costs that are substantially lower than citric acid.  If desired, the 
product can be used to cut or extend citric acid so as to double the quantity of solution 
while maintaining equal or lower cost than the original quantity. ACS-P is non-toxic and 
at the strengths used in this study, it has no significant hazards to humans or animals.  
Given the enormous buffering capacity of earth, there would be negligible risk of ground 
water contamination from the small amount of post-application runoff that would result 
from application as a mist spray. A drenching type application using a fire hose nozzle is 
not required to use this product. The disadvantages of ACS-P are few. Normal eye and 
face mask protection as typically used in the application of any insecticide should be 
used when applying this product as minor irritation may occur if the product is allowed to 
come into contact with the eyes, cuts, or wounds.  This irritation would not be any more 
substantial than that caused by lemon juice and easily relieved by flooding the exposed 
area with water.  Due to the acidity of this product, it will damage cotton clothing and 
discolor aluminum and galvanized metal, although still not corrosive to human skin.  All 
in all, it is this author’s opinion that this product represents a potentially valuable 
addition to the present array of products available for combating the spread of Coqui 
frogs.  More such products are urgently needed and this product should be given strong 
support/consideration for EPA registration as a minimum risk pesticide to replace 
hydrated lime.  


