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Presentation Agenda

1. lllustrate how nature controls pH.
2. The Importance of pH in Agriculture.

3. Explain what causes our irrigated farmland
to become salt affected.

4. Explain why Harmon SO,-Sulfurous Acid
Generator is the most cost effective way to
amend/control pH.

5. Questions.
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When trying to improve agronomic
conditions, what should we use as a
reference or starting point?
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Hydrogen
From the
Greek words
hydro and
genes, which
together
mean "water
forming” and
estimated to
be: 93% of
all the atoms
in the
universe.

18
2
* . 13 14 15 16 17 | 400
Periodic Table I R B
B|C
10.81 | 12,01 | 14.01 15.99 | 19.00 | 20.18
13[ 14[ 15[ 16[ 17 18
Al ISi| P |S
2299 | 2531 | 3 4 5 6 7 8 9 10 11 12 | 2698 [ 2809 | 30.97 | 3207 | 3545 | 39.95
19| 20| 21| 22| 23| 24| 25| 26| 27 2_8 29| 30 31_;3;2 33| 34| 35| 36
K|Ca|Sc|Ti|V |CrMn|Fe|Co|Ni|Cu|Zn|Ga|Ge|As Se |
39.10 | 40.08 | 44.96 | 47.87 | 50.94 | 52.00 | S4.94 | 55.85 | 58.93 | 58.69 | 63.55 | 6541 | 69.72 | 72.64 | 7492 | 7896 | 79.90 | 83.80
37| 38] 39| 40| 41| 42 44| 45| 46| 47| 48| 49| s50[ 51| 52 53] 54
Rb|Sr|Y [Zr [Nb|[Mo|Tc|Ru|Rh|Pd|Ag|Cd|In|Sn|Sb|Te| I |
8547 | 87.62 | 88.91 | 91.22 | 92.91 | 9594 | (98) | 101.07 | 102.91 | 106.42 | 107.87 | 112.41 | 114.82 | 118.71 | 121.76 | 127.60 | 126.90 | 131.29
55| S6| 57| 72| 73| 74| 75| 76| 77| 78| 79| 80 81| 82 E§3 86
Cs|Ba|la|Hf |[Ta|W |Re|Os| Ir | Pt |Au Tl |Pb| Bi |[Po|At]|
132.91 | 137.33 | 138.91 | 178.49 | 180.95 | 183.84 | 186.21 | 190.23 | 192.22 | 195.08 | 196.97 | 200.59 | 204.38 | 207.2 | 208.98 | (209) (210) | (222)
87| 88| 89
Fr |Ra|Ac |Rf [Db|Sg |Bh |Hs | Mt | Ds|Rg
(223) | (226) | (227) | (261) | (262) | (266) | (264) | (270) | (268) | (281) | (272)
58| 59| 60 62| 63| 64| 65| 66| 67| 68| 69| 70| 71
Ce| Pr [Nd |Pm|Sm|Eu |Gd|Tb Dy |Ho|Er |[Tm Yb|Lu
140.12 | 140.91 | 144.24 | (145) | 150.36 | 151.97 | 157.25 | 158.93 | 162.50 | 164.93 | 167.26 | 168.93 | 173.04 | 174.97
90( 91| 92
Th|{Pa| U [Np|Pu|Am|Cm|Bk |Cf |Es |[Fm/Md|No| Lr
232.04 | 231.04 | 238.03 | (237) (244) (243) (247) (247) (251) (252) (257) (258) (259) (262)
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1. Sulfur is a base element 2. When sulfur dioxide

that when burned, oxidizes contacts water, it forms
into sulfur dioxide. sulfurous acid and causes
S + 0 —> S0, + H,0 \
H,S0;
the molecular bonds of water to immediately
/ Yak apart into free hydrogen and bisulfite.
3.Free hydrogen is acid H HSO.- 4.The other hydrogen then releases
’ after the bisulfite
and it reacts with + + reacts with
bicarbonates in water HCOy So, dissolved oxygen or is oxidized by
sulfur feeding bacteria
which transforms and hich p o
recycles it into which transtorms 1t into
water and carbon dioxide H;0 + CO, /l\ H" + SO/ free hydrogen and sulfate
+ to neutralize additional
HCOy bicarbonates in water

\L to form

more water and carbon dioxide
H, 0O + COZ/]\

Harmon Systems International, LLC www.harmonso2generators.com
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Volcanism: Nature’s source of SO,

Active Volcanoes, Plate Tectonics, and fhe "Ring of Fire"
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Environmental Effects  pH Value Examples

ACIDIC

All fish die (4.2)

Frog eggs, tadpoles, crayfish,
and mayflies die (5.5)

Rainbow trout

NEUTRAL V '
begin to die (6.0)

BASIC

pH=0 Battery acid

pH=1 Sulfuric acid

pH=2 Lemon juice, Vinegar
Orange juice, Scda

pH=4 Acid rain (4.2-4.4)
Acidic lake (4.5)

Pure water

Sea water, Eggs
Baking soda
CLESLE  Milk of Magnesia
Ammonia

Soapy water
Bleach

Liguid drain cleaner

U.S. EPA pH Chart

Harmon Systems International, LLC www.harmonso2generators.com
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PRINCIPAL CONSTITUENTS COMPARISON BETWEEN OCEAN
OF SEAWATER WATER AND RIVER WATER
Content Percentage of Total Salt
Chemical (parts per Chamical Contant
Constituent thousand) Constituent Ocean Water River Water
Calcium (Ca) 0419 Silica (Si0,) - 14,51
Magnesium (Mg) 1.304 Iron (Fe) - 0.74
Sodium (Na) 10.710 Calcium (Ca) 119 16,62
Potassium (K) 0.390 Magnesium (Mg) 3n 454
Bicarbonate (HCO,) 0,148 Sodium (Na) 30.53 698
Sulfate (SO,) 2690 Potassium (K) -
Chioride (CI) 19.350 Bicarbonate (HCO,)
Bromide (Br) 0.070 Sulfate (SO,) 76 [
Chioride (CI) 55.16 B 64
Total dissoived solids Nitrate (NO,) - AL
(salinity) 35.079 Bromide (Br) 0.20
TOTAL 100.00 100.00
Herbert Swenson US Geological Survey Publication 7
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Everything in nature has a purpose...and the
role of volcanism is shifting us to adopting a

new paradigm.
=7

It is how earth recycles: hydrogen; sulfur; carbon; oxygen; creates
and processes water; deconstructs chemical compounds; resets
elements; self-adjusts its pH; feeds bacteria, plants, and animals;

and how life on this planet is sustained.

Harmon Systems International, LLC www.harmonso2generators.com
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The planet Mars and its surface

Harmon Systems International, LLC www.harmonso2generators.com
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Total precipitation, 2003

Normal Rain (pH 5.6

Sites not pictured:

AKO1  49cm sl
e e © 140-160
HI99 222cm 0 160-180
PR20  327cm \ 150 . 200
Vvio1 100 cm g.\ 1 B > 200

V S National Atmospheric Deposition Program/National Trends Network
. http://nadp.sws.uiuc.edu

Sulfate ion concentration, 2003
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National Atmospheric Deposition Program/National Trends Network

http://nadp.sws.uiuc.edu
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Complexity of the Soil Food Web in Several Ecosystems
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Shrub Deciduous Conifer Rain Forest

Ecosystem
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Plant Physiology & Nutrient Availability

Water Path Through a Plant as Part of Transpiration Acidic Neutral Alkaline

Nitrogen
Phosphorous
Potassium
.Ro«:-t pressure N — sulfur
Water ubsorbcd-——-‘—“ ’ .\'- . caldum

by root hairs

Iron

Manganese
Boron
Copper & Zinc

Root hair

Root hair cell H , /_j
[\ ‘ Molybdenum
Soil particle .
/F Lg p 40 45 50 55 60 65 10 75 80 85 90 95 108
= ‘

Optimal pH range for most plants 12
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Structure of Amino Acids

Harmon Systems International, LLC www.harmonsoZ2generators.com
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Sulfur is a Major Plant Nutrient

Harmon Systems International, LLC www.harmonso2generators.com
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Sierra snowmelt

Saline and
Alkaline water
from

CA Aqueduct The vast majority of the water

Lower Colorado that we use for irrigation has

River — no acidity and/or provides

Groundwater sulfur in the wrong form.
pumped from
deep well
aquifers

Recycled Water

_/

Rainwater

Harmon Systems International, LLC www.harmonso2generators.com 15
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THE MAJOR CONSTITUENTS IN WATER

Cations:
Calcium Ca**
Magnesium Mg**
Sodium Na*
Potassium K*
Anions:
Bicarbonate  HCO; Total
Carbonate CO;~ Alkalinity
Chloride Cl~
Sulfate SO,~

Total Dissolved Solids

Harmon Systems International, LLC www.harmonso2generators.com
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The Precipitation of Salts and Mineral Scaling

Calcium + 2 Bicarbonates upon drying Calcium + Water + Carbon
Carbonate Dioxide
Ca** + (HCO;), — CacO, + H,0 + CO, |

Alkaline/Saline water applied to soil

CaCOgv¥Ca l CaCO:’* Ca lCaCO3Ca 1 CaCO;, ‘Ca
CaCO; CaCO, CaC0O,;CaC0;CaC0O,CaC0O;CaCoO,
Ca Ca Ca CaCO; CaCO,; CaCO4CaC0,CaC0O;Ca
CaCO; CaCO,;CaC03CaCaCO3CaC0O3 CaCO3Ca

1 Meq./L or 61.02 ppm of bicarbonates approxmates 200 Ibs.

of salt precipitating potential in acre-foot of water.
17
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Traditional approaches to the problem:

Home Agriculture

Harmon Systems International, LLC www.harmonso2generators.com
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In 1955, D & J Harmon invented and pioneered the
technique of amending irrigation water and soil with
SO,/Sulfurous Acid/Bisulfite Generators.

"TWO EXTRA TONS OF
BEETS PER ACRE"

Harmon SO 9 Generator %
: DAVE FARMER, IEIC!II
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effective aid Dave. Diplays A Beet
From The Field Just
to water quality Across the Road Where
The S02 Generator

department goes FOR IMPROVING QUALITY OF IRRIGATION
'SAFE, POLUTION FREE WITH

THE SO2 GENERATOR IS HERE AND IT WORKS
WATER AND PROBLEM SOILS. POSITIVE P! BENEFITS,
/AN UNCONDITIONAL WARRANTY!

(Leasing Program Available)
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Sampling water to test Total Alkalinity in bicarbonates/carbonates to determine how many pounds of
sulfur per acre foot of water are needed to bring the pH of the water to 6.5.

A portable Harmon SO,/Sulfurous Acid Generator being placed to
amend irnigation water for 160 acres of wheat.

Darre|| Harmon, inventor and
pioneer of the SO,/Sulfurous
Acid Generator, at a 600 acre
field in Kern County, CA with
problem soil caused with poor
water quality.

Well water with high levels of Sodlum and Total alkalinity, require
SO,/Sulfurous Acid treatment and Gypsum as noted by this farmer.

Photos are from article titled: Reduced Yields? It Could Be The Water
February 1977 issue of Western Hay and Grain Grower Magazine

20
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The Harmon SO,/Sulfurous Acid Generator:

Elemental Sulfur is stored in the Hopper (1) supplies material thru a channel to Burn Chamber (2) for oxidation. By
supplying and regulating a pressurized side-stream of feed water [[fl] through a device called the Aspirator [} air can
be drafted and the burn rate of the sulfur can be controlled (after it has been ignited by a match, propane trigger torch,
or electric heating element, no other fuel or heat source will be necessary). The resulting sulfur dioxide (SQ,) produced
is immediately captured to form an aqueous solution of free hydrogen and bisulfite within the Tank [§). The Scrub
Tower (6) wet scrubs and washes any fugitive SO- into solution to prevent it from escaping into the atmosphere.
Nitrogen (N), which is 79% of air, is drafted through the equipment and ventilated through the Scrub Tower. The
concentrated aqueous solution of free hydrogen and bisulfite is then pumped from the Tank . into a storage vat and
used for de-chlorination. Since the fuel source is the sulfur itself, as long as it remains ignited, the production of free
hydrogen and bisulfite will be continuous until such time the sulfur material has either been depleted or the flame is
extinguished for shut down (turning off the pressurized flow of water and capping off the oxygen supply).

21
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PERFORMANCE TESTING OF A
HARMON SO, GENERATOR

July 28, 1983

Prapared TfTor
D&J Harmon Company. Inc.

2737 Gilmore Avenucoc
Bakersfield, California a3z308

Prepared by
Pape & Steiner Environmental Service

5801 Norris Road
Bakersficld, Califrfornia 93308

FPurchase Order No. 1023

Report PS-83-=137/Project 5123-83

Table 3-1 summarizes the results of the tests conducted on the S0z
generator narth of Bakers¥ield. The average 502 concentration was 14.24 ppm
The average SOy emission rate was very low (0.0042 Ib/hr) since there ave

vary little combustion products leaving the burner,

Harmon Systems International, LLC www.harmonso2generators.com 22
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Synthetic

Strong Acid
Sulfuric
/ \ \
@ é@
+ +
HCO; HCO;

L

H,0 + COzT H,0 + COZT

Harmon Systems International, LLC www.harmonso2generators.com

Natural
Weak Acid

SO, — Sulfurous

S + 02 _>SOZ + H20

H2S03

+ +
HCO; 50, i/
| | =
H,0 +CO;| @ SO/
+
HCO;
H,0 + CO,|

24
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100% 1~

80%

60%—

H* + H* + SO,~

/ \
Sulfuric / \
P, \\

40%1—

S
NS
l

Percentage of Designated Species

4 5 6 " 4 8 9 10 11 12
pH 6.50
H2CO3  41.54%
HCO3  58.45% .
CO3  0.01% fogH+  jog Alkalinity

25
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If a situation required feed rate of 300 moles of
hydrogen (H*) to neutralize bicarbonates (HCO;")
to attain a pH equilibrium of 6.5, here are the

reactions:

Sulfuric

Sulfuric + Bicarbonate yields Carbonic + Sulfate yields Water + Carbon +
Acid Acid Dioxide
H2804 + 2 HCO3_ — 2H2CO3 + SO4= = 2H20 + ZCOZT +

Requires 150 moles of sulfuric acid to achieve this

Sulfate

so,

equilibrium

with no residual H* left in solution.

—> Directional flow within the conveyance system 6.5 pH amended irrigation water =—»

SO, /Sulfurous
Sulfurous + Bicarbonate yields Carbonic + Bisulfite yields Water + Carbon + | Bisulfite + Oxygen & yields Acid + Sulfate
Acid Acid Dioxide
H2803 + HCO3- — Hch3 + HSO3- — Hzo + COZT + HSO3_ + -502 — H+ + SO4=
Requires the oxidation/dosing of 300 moles of S into SO, to achieve this Jequilibrium | with 300 moles of residual H* in solution

Harmon Systems International, LLC www.harmonso2generators.com
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Neutralization of Calcium Carbonate

Acid + Calcium vyields Calcium + Carbonic yields Calcium + Water + Carbon

Carbonate

Dioxide

2H*+ CaCO, —» Ca** + H,CO, —» Ca* + H,0+ CO,

Irrigation water treated with sulfuric acid
to 6.5 pH has no residual acidity; leaves
58% of Total Alkalinity Intact.

H,0 + SO~

CaCO}CalCaCO} CalCaCO3Ca 1CaCO3l Ca
CaCO, CaCO, CaC0O,CaC0O,CaCO,CaCO,CaCo,
Ca Ca Ca CaCO, CaCO, CaCO,CaC0O,CaCO,Ca
CaCO, CaCO,CaC03CaCaC03CaCO3 CaCO3Ca

Harmon Systems International, LLC www.harmonso2generators.com

Irrigation water dosed with SO, to 6.5 pH
still contains residual acidity; sequentially
eliminates remaining Alkalinity

H,0 + HSO;"

Ca | CaJ Ca | CaCO,
Ca Ca Cay /CaCO, Ca
CaCO,\/ CaCO, Cal Ca Ca/f Ca
CaCO, | Ca | CaCO,| CaCO, | Ca] Ca | CaO,

Ca|] Ca Ca

28
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Soil always takes on the
characteristics of the materials
applied upon it

Amending
with SO,
liberates
acidifying H* Accelerates the
protons and overall amount of H”
bisulfite protons and HSO;
HSO, from bisulfite a geographic =
irrigation T geog ) P .
water and area would receive
delivers it under normal
into the soil conditions.

Harmon Systems International, LLC www.harmonso2generators.com 29
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SURABIAN AG LABORATORY
105 Tesori Drive

REPORT OF ANALYSIS

Palm Desert, CA 92211 for:  Desert Valley Date
(760)200-4498
report
date: listed below
1/4/111 1/4/11 1/4/11 1/4/11 4/9/11 5/13/11 11/8/11 11/8/11
Description depth pH EC Na Na EC EC pH EC
feet mmbhos/cm mg/Kg meg/L (after sulfur burner brough
on line end of May
dS/m 2011)

site 1
All 3 feet is Gillman 0-1 9.60 61 >10000 >435 74 33 8.40 2.40
v.f. sandy loam with 1-2 9.40 15.0 3500 152 49 52 8.05 1.60
silty clay loam layers 2-3 9.65 12.2 2900 126

site 2
v.f. s.l. wis.c.l. layers 0-1 9.85 97 >10000 >435 50 5.2 7.95 1.46
v.f sandy clay loam 1-2 10.00 29 6600 287 38 45 8.25 1.60
v.f. sandy loam 2-3 8.40 3.6 660 28.7

site 3
v.f.s.l. w/s.cl. layers 0-1 10.10 33 8200 357 55 18 8.15 2.20
v.f. sandy loam 1-2 10.05 9.0 1700 74 25 41 8.70 1.24
fine sand 2-3 9.85 5.8 1100 47.8

site 4
v.f.s.l. w/s.cl. layers 0-1 8.85 72 >10000 >435 92 29 8.40 6.60
v.f.s.l wis.cl layers 1-2 9.20 52 >10000 >435 20 1.4 9.05 15.05
very fine sand 2-3 9.70 20 4300 187

Sites and depth of analysis per client instructions.

Field Stages:

1/4/11 = raw land, never farmed

4/9/11 = after ripping, raw sulfur, compost, first flooding
5/13/11 = after additional flooding

Drip system installed and used for further leaching

End 5/11 = sulfur burner brought on line

11/8/11 = date palms planted

Harmon Systems International, LLC www.harmonso2generators.com

124113

pH EC

8.35 140
8.75 1.39
8.10 1.50
8.05 143
795 2.80
8.45 740
8.25 3.90
8.25 1.90

Comparing the last samples tested
on 11/11/11 to these new samples
taken on 1/24/13, we can see that
pH and EC continues to lower
overall. This indicates that the
sulfur burner continues to aid in
reducing alkalinity and salinity in
these soils to these safe levels.

30
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SO2/Sulfurous Acid vs. Sulfuric Acid

Pricing for Central Valley as of May 5, 2018

What is the cost difference of SO2/Sulfurous Acid compared to Sulfuric Acid?

The cost of 99.9% elemental sulfur and 93% sulfuric acid for this example adjusted for material purity is computed as follows:

454 grams in one pound 454 grams in one pound
32 atomic weight of sulfur 98 atomic weight of sulfuric acid

14.2 moles of sulfur per Ib. 4.6 moles of sulfuric acid per Ib.

x_ 2 hydrogen ions derived per mole of sulfur x 2 hydrogen ions derived per mole of sulfuric

28.4 moles of hydrogen derived from Ib. of sulfur 9.2 moles of hydrogen derived from Ib. of sulfuric
Cost of sulfur: (§365.00 ton +.1%) + 2,000 lbs. = .1827 per Ib.  Cost of sulfuric: ($175.00 + 7%) + 2,000 Ibs. = .0936 per Ib.
Cost per mole: .0064 (.1827 +28.4) Cost per mole:  .0102 (.0936 +9.2)
600 moles of hydrogen (H+) from sulfurous acid would have a 600 moles of hydrogen (H+) from sulfuric acid would have a
material cost of $3.84 (600 x .0064) material cost of $6.12 (600 x .0102)

Conclusion: Amending water to pH 6.5 with sulfuric will still leave 58% of the Total Alkalinity intact and no residual acidity.
Oxidizing sulfur and dosing it as sulfur dioxide (SO,) in water enables you to manufacture sulfurous acid on-site, double the amount of
acidity at 63% of the material cost of sulfuric ($3.84 + $6.12), and deliver acidity directly into the soil to dissolve soil carbonates, leach
salts and prevent their accumulation, enhance fertility, and optimize the use and efficiency of water.
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Integrating the Harmon Sulfurous Acid Generator
into your Farming Operation

1. Irrigation Suitability Analysis of the water source that will be amended
(particularly, what is the bicarbonate (HCO3’) and carbonate (COz3’)
level?)

2. What is the minimum and maximum irrigation flow rate (GPM) at this
location? In the future, will this amount increase or decrease?

3. Does your irrigation system draw water from a holding reservoir or
canal?

4. If it is directly from a deep well, what is the maximum water pressure
(PSI) of the irrigation line downstream of the pump/filter station?

5. What type of power do you have available at this location?
Do you have single or three phase electrical power (240v or 480v)?
Does it use a gas/diesel booster pump?
Have you ever considered using a diesel powered electrical generator

(gen-set)?
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