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This guide was created to increase the understanding of natural fertilizers, and identify where the effluent from the
BioLiquidator Alkaline Hydrolysis Systfts in.
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FERTILIZEBASICS

The fertilizer industrprimarily focuse®n the macronutrients nitrogefN), phosphorougP) and potassiuntK)

The theory that N, P, and K are the central componentgfoducinghealthy plant growth dates back to the 1800s
German chemist Juss von Liebigl Y2 6y a4 aGKS FI G§KSN 27 ai RS ST NI AGtKAST ¢
nutrition for the benefit of yields.This was the stamf nitrogenbased fertilizers.Most fertilizers on the market

today feature the percentages dFP-Kon the label, and are typically high in nitrogen for quick resge are now
seeinga muchneeded evolution irenvironmental understanding\While nitrogen, phosphorus, and potassium play

an irreplaceable role in plant health and function, itmach mae complex than the scope of tke three elements.

A varietyof other nutrients minerals and beneficialsoil organisms all play essential roles in prolonged plant health.

SYNTHETIC VSIATURAL

Synthetic chemical fertilizers are responsildedustainingr2 4 2F (KS 62NI RQa SRAOGf S
of N-based fertilizers consumgsstunder:z 2 F GKS $2NI RQ&a Fyydzf SySatBRe 3
leastn /7> 2 F G KS g 2ith:/Rve & fertili2et durfifh/iom@P#ge/STATISTI@8cessed Ja2009).
Unfortunately,over-use and oveapplication of synthetic chemical fertilizers has lead to an alarming buildup of
excess nutrients in our wateess pollutants Much of the oveapplication comes from nefarminguserssuch as
homeowners.

d:

There is no doubt that synthetic chemical fertilizers serve an important function on a global scale. There is also no
doubt that we have unintentionally had, and continue to have an adverse affect on the environment because of
over-dependence on these fertilizerd.he use of natural fertilizers is working in the direction of-se#ftainability by
recycling already present resourdéat might otherwise be considered wastin addition to recovering nutrients,

there are numerous environmental and yield reastmsonsider natural fertilizers. Synthetic chemical fertilizers

are used at amverallexpense tahe environmentand can result in the depletion of essential soil elements.

1 Nutrients insynthetic chemicdiertilizers are designed to dissolve quickly in water to promote rapid results,
but this creates an obvious leaching problem.

1 The nutrients are designed to be highly soluble and immediately availatidecause of thiplants never get
to usea large portbn of the nutrients

{l This promotion of rapid growt® I y RS LI S0 S & KS ,wlich is/bivlogicalgese@ad®ihard y S NI
times. Overall, the high NPK concentrations discourage naturass#itiency.

Natural fertilizers are often criticizedifthe low NP-K levels, much because the fertilizer industry has emphasized
nitrogenbased fertilizers for such a long period of time. Because of orgattemandincreased complexity, the
lower NP-K levels can meet or exceed chemical fertilizerdadt) the lower NP-K levels are possibly more
beneficial in many applications. An overabundance of N can lead to accelerated topsoil degradation, excessive
shoot and leaf growth, reduced root growth, low plant carbohydrate reserves, increased suditgpilzidverse

conditions such as weather extremities and attacks by diseases and pests. The atmosph~r~ i~
78% nitrogen. This type of nitrogen is mlirectly available to plants in tkiform. A healthy sc 5’? [&
contairs nitrogenfixing bacteria whicltonvertthe atmospheric nitrogeto a formavailable to g, ¥ )
the plants. As you can imagine, a healthy complex soil can maintain natutlaldéwitrogen f J
for the plants. 5 {
—

oPlants can get enough nitrogen easilyitrogen isplentiful in a properly functioning
natural system. Air is almost 80 percent nitrogen. Many of the microbes in the soil ce
nitrogen right out of the air in the soil and make it available to plants. That's why aer:
is so important. Nitrogen is ageleased in the soil by the feeding of microorganisms ¢
organic matter. That's why compost is so important. |
Sourcehttp://www.utexas.edu/utpress/excerpts/exgarhow.htméccessed Ja2009). ..

When wedestroy or deplete the healthy microorganisms in the soils, we impede thag#itiency of the
environment. Natural fertilizers actually encourage soil complexity and provide food in the form of robust organic
matter for the organisms in the soil matri


http://www.fertilizer.org/ifa/Home-Page/STATISTICS
http://www.utexas.edu/utpress/excerpts/exgarhow.html

3/8

A SOWRELEASE

Synthetic fertilizers produce quick resul#hile natural fertilizers require patience. It is no wonder that people have
preferredsynthetic. Synthetic fertilizers will typically produegsibleresultswithin 1-2 weeks, andasting2-4

weeks Just prior to crogharvesting, this might make sense. But remembiidgkes a toll on soil quality over time
and can pollute the environment with excess nutrientsatural fertilizersvork slowly over time to improve soll
health, andwill sustain much longer positive effect¥isibleresults can be observed within3 months, but will last

for a very long time; possibly for years. Improving soil structure is an enduring investment.

CoOMMONNUTRIENVALUES

Table 1 below can be ud¢o establish baseline nutrient data for comparison of some common, more natural
fertilizers. Please keep in mind that there is great variatiomutrient value information available. altes of

manures, for example, vary greatlgpending on the dietrad age of the animals, and the nature and quanof
beddinginthemix¢ KA & AYTFT2NXI GA2Yy 6+ & 20GFAYSR FNRY [/ 2NYyStf
(source:http://www.gardening.cornell.edu/factsheets/ecogardening/guidenutval.hfratcessed J&009), and

was comparable to other data available.

Table 1: Guide to the Mineral Nutrient Value of Organic Materials Percent (%

Materials: Nitrogen | Phosphorus | Potassium Relgtive_'Nutrient
(%N) (%P205) (%K20) Availability

Manure(fresh)

Cattle 0.25 0.15 0.25 Medium

Horse 0.3 0.15 0.5 Medium

Sheep 0.6 0.33 0.75 Medium

Swine 0.3 0.3 0.3 Medium

Poultry(50%water) | 2 2 1 Med. Rapid

Bone Meal(raw) 2106 15 to 27 0 Slow

Bone Meal(steamed) 0.7 to 4 10to 34 0 Slow Med.

Cocoa Shell Meal 2.5 1 2.5 Slow

compost(not 151035 |05t01 |1to2 Slow

fortified)

Cotton Seed

Meal(dry) 6 2.5 1.7 Slow Med.

Dried Blood(dry) 12 15 0.57 Med. Rapid

Fish Meal(dry) 10 4 0 Slow

Milorganite(dry) 5 2t05 2 Medium

Mushroom Compost| .4 to.7 1 S5t01.5 Slow

Peat and Muck 15t03 2510 .5 S5tol Very Slow

Sawdust 4 2 4 Very Slow

Sewage

Sludgg(digested) 1t03 5104 0t0.5 Slow

Urea 42 to 45 0 0 Rapid

Wood Ashes* 0 lto2 3to7 Rapid

* Wood ashes may raise pH



http://www.gardening.cornell.edu/factsheets/ecogardening/guidenutval.html
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OVERAPPLICATION

If a little bit is good, imore better? Actually, more isot always better The term nutrient has a positive undertone
because of its association with plant amdimalhealth. Nutrients in concentrated amounts however pollute our
water systems.C2 NJ 48y G KSGAO OKSYAOIFf FSNIAEAT SNE O£y R ay-lgBdzN
application is a problem. It is important that the evelyy user of any type of fertilizére aware that even though it
is natural or organic, it is still application of nutrients. Homeowners uderi€s more fertilizers per acre #m
farmers (sourcehttp://www.epa.gov/greenacres/wildones/handbk/wo8.htmaccessed Ja2009). All fertilizer

users carry the responsibility of identifying the proper nutrient application for their pdaticsoil chemistry and
surroundings.lt is also noteworthy that many of the commercially availadiganicfertilizers contain synthetic
fertilizers. To be labeled as organic, only a small percentage needs to be-badea) and the rest can be
synthdic. Natural fertilizers which recycle material® easily identified aseing majorly composed @himal

and/or plant components. These typically contain lower levels of nutrients which helps users prevent applying
overwhelming amounts to their enviroment.

BIOLQUIDATORFFLUENT

The BioLiquidatosystemuses alkaline hydrolysis to dissoliresue and convert the tissue and water into a sterile,
agueous solution. This solution is suitable for land application as a natural fertilizempoetassium hydroxie

(KOH) is used as the alkadiodium hydroxide (NaOH) can also be used as the alkali in this process, but may limit the
selection of plants for application due to the high sodium content. A mix of the two alkalis, in appropriate amount
may also be used to decrease the concern for the salinity of the effluent.

The effluent is @offee-coloredtrue solution of small peptides, amino acids, sugars, and soaps, with a pH in the
range of 10.511.5 (dependent upon digestion time and amowfitalkali used). The effluent has a very high carbon
value which enhances soil performance as a growth medium, and absorbs carbon dioxide which benefits our
atmosphere and the plants which use Table 2 below shows the general analysis for efflueimgithe recommend
BioLiquidator parameters.

Table2: Calculated Analysis of the Effluent Component (average values)
UsingRecommended BioLiquidator Parameters*

Measured Value Liquid Effluent Dehydrated

(to 50% moisture content
pH 11 11
Nitrogen (N) 1% 9%
Phosphorous (P .33% 3%
Potassium (K) 3.5% 21.6%

*Recommended Parameters: 40:60 Tissue to Water Ratio, and 45% liquid KOH at the rate
of 22% the tissugveight OR 90% anhydrous (dry) KOH flake at 11% the tissue wamight
cycle time of 15818 hoursat 92.8°C

In order to better understand the role of each element, the primary functions in plant developanehsted below:

Table 3 Primary Functions of #-K in Plant Development

Nitrogen (N) Foliage
Phosphorous (P) Root developmentflowering
Potassium (K) Overall health of plants (catalyst in enzyme reactions, helps ir

protein synthesis, neutralizes organic acid, regulates cellular i
balance viich functions to open stomagg plant breathing)



http://www.epa.gov/greenacres/wildones/handbk/wo8.html
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DISCUSSION GFFLUENANALY £
Each component listed in Table 2 is discussed below:

Nitrogen(N): The ntrogen level isalower valuein this natural fertilizer, however the effluent is rich in organic
matter. This organic matter will serve as a food supply for soil microorganigmh will in turn pull nitrogen from
the atmosphere for plant use The adverse affects pitrogenloaded fertilizers havalready been discussed.
Additionally, this leaves opportunity to amend aunally nitrogen-rich fertilizer such asnanureor composted yard
waste This will be discussed urther detail in the Applicatioifechniquesectionto follow.

PhosphorougP} Most of the phosphorous from thdigestedcarcassess present in the

bone ash, as calcium phosphateue to the rugged agitation in the BioLiquidator system,lr
some of the in§oluple phospha}te frpm the bones is already suspended inAth('e gfﬂuent "' 2
soluton.¢ KS ST¥Tf dzSyidQa LIK2aLIK2NRBdza f SOSt A’
because phosphois is an element for which we have special concdrresto the leaching ¥
properties The solid form of calcium phosphate from the bone shadtwwaever will ;
release the phosphate over time, and minimize leachifigis also leaves the option to combirreetRrich bone

ash into the effluent fertilizer, or to treat the area with only one of the two byproducts based on the soil chemistry.

Potassium(K) Because of the alkali used for the tissue digesfassuming KOHbhe effluent contains a higher

level of potassium. Potassium fertilizers are very expensive to produce, and so this element is rarely available in
sufficient amounts. In this process, the operator has already made the investmgmiiaissiumin the form of

potassium hydroxide. The investment is not lost if the effluent is used as fertilizer, as the potassium is recycled bac
to the environment for the benefit of plants. The alkali KOH is obviously very corrosive, but in the final effluent
form, the alkaline hydrolysis reaction has been run to completion, and the K is now available for nutrient uptake
from plants.

Potassium deficiency in plants is difficultvigibly diagnossimply because it affects so many areas of plant function
and realth. Unlike phosphorousppassium isiot a leaching threat because it moves slowly through the soll

(however any nutrient is a leaching threat when grossly @pmplied). Potassiums known to help with disease
resistance and promotes root growth itransplants and seedlings. For lawn application, potassium reduces the
YSSR F2NJ GoAYyGSNRAT SNI FSNIAT AT SN Ly Fyeée | LILX AOFGA
the tissue digestiorffluent contains

THEROLE OFH

ThepH of the effluent is high due to the alkaline nature of the process. The pH can be adjusted in a variety of ways
(bubbling CO2, or with the inexpensive addition of muriatic gauailable at hardware and homecare stores), but
many times the high pH cde beneficial to the soil chemistry. It is general practice in many areas of the world to
add limewith a pH of 1112to the ground to battle overhacidic soi{some nutrients, such as phosphorous, are
unavailable to plants when the soil pH is unbalafjcdnstead oexudingthe energy spreading lime, the land

operator could simply spreathe basiceffluent fertilizer, and adjust the pH while providing nutrients and organic
material for added benefits. The pH of the effluent adjusts rapidly when itacbwith soil or sawdust/compost
materials. Of course the amount of adjusting the effluent needs before application should be determined by the soi
chemistry and needs of the specific araanihich itis to be applied.

Instead of a noxiouagricultural byproduct, the effluent is an inexpensive agricultural input.

UMMARY OEFFLUENQUALITIES

1 Sterile: Safe for any filizing use, even for human food plants

9 Recycled:Nutrientsarereturnedto the environment as nature intended

9 Complete: Larger complement of nutrients

1 SoilBuilding: Maintains organic matter in the s@hd encourages microbial complexity

1 LonglastingResidual Effects Slow nutrient release, and therefore increased plant atiicn

9 Reduced Leaching Riskower quantities of leachingisks, phosphate harbored in solid form (bone ash)
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[1l. APPLICATIONECHNIQUES
¢KSNBE INB ydzYSNRdzA YSGiK2R&a F2NJ I LILX AOIFGA2Y 2F GKS S
logically ancenvironmentally, it is probably an option. As a fertilizer by itself, it is perfect.

Do you already spread solid or liquid manure as a waste management strategy?
It makessense to limit your labor, anghrich the manure with effluent

Do you already compost?
It makessense to use theffluent as a compost additive.

What tools do you have available?

e A liquid spreader: Obviously, it is in perfect form already.

A solidspreader: Mix the liquid with a solid form of organic mattemd allow it to
dehydrateto an acceptable levelaturally.

As we have established, the byproduotsAH digestiorare environmentallyfriendly (and beneficial). The versatile
usesof the byproducts are also uséiiendly. Adapt the application to the tools that you have, and the procedures
you already follow. Here are a few methods for application:

DIRECAPPLICATION

The methodn which you directly apply the effluent fertilizes entirely dependent upon the tools you already have,
or those which you plan to purchase. We are more than happy to brainstorm with you to find the best method.

What concentration should be used? What should the applit¢tevel be? What is thest method folapplicatior?

These are all questions that will depend on your environmental surroundings, soil chemistry, and use of the land.
Optimal ranges for these parametdisat have beerdetermined in the lab setting can help provide a starting point.
The truth is, if all fertilizer was applied how it should be, a soil analysis would be conducteddrefairep ever

touched the soil. Here in the US, a soil sample can be taken to &ideakion agency for a free or miniraaist

analysis. Unless thereagreasoryour terrain may differ from nearby terrain, it is probably likely that the areas
surrounding your property are similar (farmers already know that what they grow and howgttey it affects their
a2Af OKSYAAalGNRI o0dzi LQY LINBOdGe ada2NB Ye& ySA3IKo2NRa f
would be impossible for me to tell you exactly how much effluent to apply, and at what pH, but it is inexpermkive an
fairly simple to find outonacade-OF &S o6 aAa® I fAGGES o0AG 2F SELISNRY
tweaked just right after @oupleapplications

If NaOH is used as alkdtiwould be best to dilute the effluent appropriately dapding on the application site.

Some crops and many highway grasses aret@igitant and would béetter candidates as recipients ftine

effluent. Some saltolerant plants include asparagus, squash (zucchini and other types), beets, barley, cajam, su
cane, and dates. In fact, salt is used in regular practice for growing asparagus, as it controls the weeds and
decreases the occurrence of crown and root rot. For lesgdaltant plants, other factors should be considered.
Rainfall helps wash awadhe highly soluble salt, while leaving behind the other nutrients contained in the effluent.
If the area to receive the more saline effluent has sufficient water movement, the salt effects would be minimized.

SmaltScaleDirect Application

For smaliscale or lawn application, a sprdgvice with a filter screen (as a standantegrated part, or
home-made addition) would be sufficient. For lawitanight be recommended tincludeavery brief
water spray(by spraynozzleor sprinkler) after application, just to wash the effluent from the leafy
surface to the soilsThis may nobe necessaryhowever.

Note: Any photos obtained from product websites serve as examples only, and are hyperlinked to the website from wiaich ohégined.
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LargeScale Direct Application
Effluent can be sprayed topically, knifed, or itgetfor large scalapplication. As with smadicale operation, the
optimal dilution and pH for the soil and vegetation will need to be determined.

Topical sprayer Fertilizer applicator with feed tank Fertilizer truck designefbr minimal
tire damageto the field

Liquid manure truck Liquid injection

MANUREBADDITIVE

With access to manure that iscycledas fertilizerfor wastemanagement, it makes sense to enrich the liquid or
solidwith effluent. The equipmentatspread the manure is already available and in use, so adding some additional
nutrients would serve as an added benefit.

As a courtesy to neighboesd to derease the loss of nutrients to volatilization, many farming operations choose to
G1LYAFS Ayé 2N aAyeSOGé GKS YIydaNB Ayid2 (KS INRdzyROD
method for application.Please see above photos.

GCoMPOSTADDITIVE

Composting is a labantensive process, however very beneficial for the environment in terms of managing waste
and recycling nutrientsEffluent can be added taoifferent types of compost asnrichment. In fact, a formal

university study hasden conducted on compostirtggsue digesteeffluent with yard waste. Recommended
concentrations and procedurder managing leachatare available through this study. Please contact us for a copy.




