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450-1

UNITED STATES DEPARTMENT OF AGRICULTURE
NATURAL RESOURCES CONSERVATION SERVICE

CONSERVATION PRACTICE STANDARD
ANIONIC POLYACRYLAMIDE (PAM) EROSION CONTROL

CODE 450

DEFINITION

Erosion control through application of water-
soluble anionic polyacrylamide (PAM).

PURPOSE

This practice is applied as part of a conservation
management system to support one or more of
the following:

e Minimize or control irrigation-induced sail
erosion,

* Reduce wind and/or precipitation erosion.

CONDITIONS WHERE PRACTICE APPLIES

» Onirrigated lands susceptible to irrigation-
induced erosion, excluding peat soils, and
where the sodium adsorption ratio (SAR) of
irrigation water is less than 15;

« On areas where the timely establishment of
vegetation may not be feasible or where
vegetative cover is absent or inadequate;

_»  On areas where plant residues are
X inadequate to protect the soil surface from
wind erosion; and

» On sites where disturbance activities prevent
establishment or maintenance of a cover
crop;

This standard does not apply to the application
of polyacrylamides to flowing, non-irrigation,
waters.

CRITERIA

General Criteria Applicable to All Purposes

Changes in management shall be implemented
where increases in soil infiltration rates are a
result of implementing this practice.

The polyacrylamide (PAM) shall:

« be of the anionic type meeting acrylamide
monomer limits of <0.05 percent (%),

e have a charge density of 10 to 55%, by
weight,

« have a molecular weight of 6 to 24 Mg/mole,

« be mixed and/or applied in accordance with
all Occupational Safety and Health
Administration (OSHA) Material Safety Data
Sheet requirements and the manufacturer’s
recommendations for the specified use, and

conform to all federal, state, and local laws,
rules, and regulations.

Additional Criteria Applicable To Irrigation
Induced Soil Erosion

Surface Irrigation

PAM shall be used during the first irrigation and
after any soil disturbance (pre-irrigation is
considered irrigation) and during later irrigation if
soil movement is observed.

Mixed concentrations of PAM shall be added to
irrigation water only during the advance phase of
a surface irrigation. The advance phase shall be
considered the time irrigation starts until water
has advanced to the end of the field.

NRCS, Alaba)r;'sa
October 2001

Conservation practice standards are reviewed periodically, and updated if needed. To oblain the currenl version of this standard,

contact the Natural Resources Conservation Service.




450-2

Dry or "patch” treatments of PAM shall be placed
over an area of the first five (5) feet of furrow.

The resulting concentration of PAM in irrigation
water shall not exceed 10 ppm of pure form
polyacrylamide, applied on a total product basis.

Sprinkler Irrigation

The maximum application rate of polyacrylamide
active ingredient shall not exceed four (4)
pounds per acre (Ib/ac) per single application
event.

PAM mixtures will be totally mixed and liquefied
prior to injection into the irrigation system.

Injection shall occur on the downstream side of
all screens and/or filters and conform to all
federal and state chemigation standards.

Additional Criteria Applicable To Reduce
Wind and/or Precipitation Erosion

The maximum application rate of pure form
polyacrylamide shall not exceed 200 Ib/ac per
year.

Emulsion batches shall be mixed with pure form
polyacrylamide not exceeding 200 pounds per
batch.

Application method shall insure uniform
coverage to the target area, minimizing drift to
non-target areas.

~ CONSIDERATIONS

The following relate lo the application of the
polyacrylamide practice that may enhance, or
avoid problems with the practice but are not
required to insure its basic conservation function.

General

PAM application rates may need to be adjusted
based on soil properties, slope, and type of
erosion targeted.

Where reasonably possible, tailwater or runoff
containing PAM should be stored for re-use or
recycled on other land areas.

NRCS, Alabama
October 2001
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Use of polyacrylamide in combination with other
conservation and Best Management Practices
will improve erosion control.

Irrigation Induced Erosion Considerations

Other conservation treatments such as land
leveling, irrigation water management, reduced
tillage, reservoir tillage, crop rotations, etc.
should be used in conjunction with this practice
to control irrigation-induced erosion.

PAM may result in an increase in surface
irrigation infiltration of up to 60%, with 15% being
typical on medium textured soils.

To compensate for PAM changes in infiltration,
adjustments in flow rates, time of set, and tillage
practices should be considered.

Adjustment from maximum PAM rates and
volumes should be considered so long as no
visible erosion occurs.

Secondary applications on undisturbed soil may
be needed in surface irrigation when sediment or
erosion is noted.

Sprinkler systems will likely need multiple
applications to achieve a significant erosion
reduction.

For sprinkler systems, before and after injecting
concentrated liquid PAM (30 to 50% active
ingredient) into sprinkler irrigation systems, itis a
good practice to pump a surfactant (crop oil)
through the injection system (pump, tubing,
valves, etc.). Surfactants provide a buffer
between PAM and water so non-flowing PAM
does not contact water and form a gelatinous
mass that can plug valves and tubing.

For sprinkler injection, the injection pump should
be started after water is flowing in the sprinkler
system and stopped when the irrigation pump
slops.

Applications at the end of the season are
discouraged, unless the field has been recently
tilled.

Wind or Precipitation Erosion Considerations

Adding seed to polyacrylamide mixture may
provide additional erosion protection beyond the
life of the PAM matlerial.

PAM may improve water quality, infiltration, soil
fertility, and air quality.



Safety and Health

Use proper personal protective equipment, e.g.
gloves, masks, and other health and safety
precautions in accordance with the label,
industry, and other federal or state rules and
guidelines.

If inhaled in large quantities, PAM dust can
cause choking and difficulty in breathing.
Persons handling and mixing PAM shall use a
dust mask of a type recommended by the
manufacturer.

PAM solutions can cause surfaces, tools, etc. to
become very slippery when wet.

Clean liquid PAM spills with dry absorbent
material (sawdust, soil, cat litter, etc.) and
sweep/collect dry PAM material without washing
with water.

PLANS AND SPECIFICATIONS

Specifications will be developed site specifically
for each application. Specifications for this
practice will be prepared for each field or
treatment unit according to the criteria,
considerations, and operation and maintenance
described in this standard. Specifications shall
be recorded using approved specification
sheets, job sheets, narrative statements in the
conservation plan, or other acceptable
documentation.

Pace 738

450-3

OPERATION AND MAINTENANCE

An operation and maintenance plan must be
prepared for use by the landowner or operator
responsible for PAM application. The plan
should provide specific instructions for PAM
applications to insure it is used properly. Plan
items may consist of:

+« Reapply PAM to disturbed or tilled areas,
including high traffic use areas.

« Monitoring advance phases of the irrigation
to assure applications are discontinued
when runoff begins.

« Equipment is operated and maintained to
provide uniform application rates.

« Maintenance of screens and filtering
facilities.

« Rinse all PAM mixing and application
equipment thoroughly with water to avoid
formation of PAM residues.

PAM is a flocculating agent that may cause
deposition in downstream watercourses or
other locations when it comes in contact with
sediment-laden waters. Downstream
deposition from the use of PAM may require
periodic cleaning to maintain normal
functions.

REFERENCES

NRCS, Alabama
Octlober 2001
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HOME NEWS WEATHER SPORTS THINGS TO DO WATCH Q
CONTACT

MVP pellets sent for testing

© i | R R k=K

WVVA Weather
(Summers County) The owners of Blackberry Botanicals, an organic herb farm, say Authority

they have sent the pellets dropped on their farm by Mountain Valley Pipeline to four
different testing labs to evaluate the composition. Beth Laferriere says the results
will be available at the end of the month.

The pellets, meant to prevent soil erosion, are called Earth Guard.

e

The concern is that the pellets may contain non-organic matter that has - -
contaminated the organic farm and possibly the New River. The West Virginia Wednesday Evening
Department of Environment Protection is also investigating the spill. Forecast
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{WVVA) Wednesday evernng will be
dry and mild tor Halloween activities
with ternperatures in the upper 60s,
falling imo the

CONNECT WITH WVVA
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TOP STORIES

Kids and parents Trick or
Treat a day early in Hinton

)
¥z

October 2018: Kidnapping,
murder among McDowell
County indictments
Twenty-eight men and wornen have
been indicled by the latest grand jury
in McDowell County

1 killed in McDowell County
shooting

The West Virginia State Police is
investigating a fatal shooting in
MeDowell County.
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Organic polymerlc flocculants are widely used nowadays due to its remarkable ability -
to flocculate efficiently with low dosage. However, its application is associated

with lack of biodegradability and dispersion of monomers residue in water that may
represent a health hazard.
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WaterSolve.. .

Dry Anionic Polymers
Solve 5240 Series

Material Safety Data Sheet Date Tssued:  04/13/2013

i

Date Revised: ~ 04/13/2013

CHEMICAL PRODUCT AND COMPANY IDENTIFICATION

PRODUCT NAME: SOLVE 5240 Series
CHEMICAL TYPE: Cationic polymer in solution
COMPANY: WaterSolve, LLC. 5031 68" Sweet Caledonia. Michigan 49316. USA

For Product informaton call 616-575-8693.
For Chemical Emergency  Spill, Leak. Fire, Exposure, or Accident
Call CHEMTREC Day or Night
Within USA and Canada: 1-800-424-9300
Outside USA and Canada: +1 703-327-3887 (collect calls accepled)

COMPOSITION/INFORMATION ON INGREDIENTS

Identification of the preparation: Anionic water-soluble polymer

HAZARDS IDENTIFICATION

Agucous solutions or powers that become wet render extremely slippery surfaces.

FIRST AID MEASURES

Inhalation: Move to fresh air,

Skin Contact: Wash off immediately with soap and plenty of water. In case of persistent skin irritation,
consult a physician,

Eye Contact:  Rinse thoroughly with plenty of water, also under the eyelids. In case of persistent eye
irritation. consult a physician.

Ingestion: The product is not considered toxic based on studies on laboratory animals.

FIRE FIGHTING MEASURES
Suitable extinguishing media:  Water. walter spray. foam, carbon dioxide (CO,). dry powder.

Special fire-fighting precautions: Aqueous solutions or powders that become wet
produce extremely slippery surfaces.

Protective equipment for firefighters:
No Special protective equipment required. -
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ACCIDENTAL RELEASE MEAS

Personal precautions: No special precautions required.
Environmental precautions: Do not contaminate water.
Methods for cleaning up: Do not flush with water.  Clean up promptly by sweeping or vacuum.

Keep in suitable and closed containers for disposal.  Alter cleaning.
flush away traces with water.

HANDLING AND STORAGE

Handling: Avoid contact with skin and eyes.  Avoid dust formation. Do not breathe dust. Wash
hand belore breaks and at the end of the workday. When preparing the working solution
ensure there is adequate ventilatton. When using do not smoke.

Storage: Keep in a dry. cool place (0-30 deg. C). Keep away from heat and sources of ignition,
Freezing will affect the physical condition and may damage the material.

EXPOSURE CONTROLS/PERSONAL PROTECTION

Engineering controls: UUse local exhaust if misting ocenrs. Natural ventilation is adequate in
absence of mists.

Personal protection equipment

Respiratory protection: In case of insufficient venulation wear suitable respiratory equipment.
Dust safety masks are recommended where concentration of total dust
is more that 10 mg/m3,

Hand Protection: Rubber gloves.

Eye protection: Safety glasses with side-shields. Do not wear contact lenses.

Skin protection: Chemical resistant apron or protective suit if splashing or contact with
solution is likely,

Hygiene measures: Wash hands before breaks and at the ead of workday. Handle in

accordance with good industrial hygiene and safety practice.

PHYSICAL AND CITEMICAL PROPERTIES

Form: granular solid
Color: while

Odor: none

pll: 4-9 @ 5 gfl;
Melting point: Not applicable
Flash point (deg.C): Not applicable
Autoignition temp. (deg.C): Not applicable
Vapour pressure (mm Hy) Not applicable

STABILITY AND REACTIVITY

Stability: Product is stable. No hazardous polymerization will occur.

Hazardous decomposition Products:
Thermal decomposition may produce: nitrogen oxides (NOx). carbon
oxides. (COx).

77 A
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TOXICOLOGICAL INFORMATION

Accute toxicily

Oral: LD30/oral/rat > 2.000 mg/kg

Dermal: The results of (esting on rabbits showed this material to be non-toxic cven at high dose
levels.

Inhalation: The product is not expeeted (o be (oxic by inhalation.

Irritation

Skin: The results of testung on rabbits showed this material to be non-irritating to the skin.

Eyes: Testing conducted according to the Draize technique showed the material produces no

corneal or iridial effects and only slight transitory conjuctival effects similar to those
which all granular materials have on conjunctivac.

Sensitization:  The results of testing on guinea pigs showed this material to be non-sensitizing.

Chronic toxicity:
Twao year feeding studies on rats did not reveal any adverse health effects. A two-year
Feeding study on dogs did not reveal adverse health effects.

ECOLOGICAL INFORMATION

Fish: L.C50/Pimephales promelas (Fathead minnows)/96h > 100mg/T. (OECD203)
Algae: 1C50/Selanastrum capricormutum/ 72h > 100 mg/L (OECD 201)
Daphnia: L.C50/Chaetogammarus marinis/ 48 h = 100 mg/l. (OECD 202)

Bioaccumulation:

Does nol binaccumulate.
Persistence/degradability:

Not readily biodegradable.

DISPOSAL CONSIDERATIONS

Waste from residues/unused products:
In accordance with federal. state and local regulations

Contaminated packaging:
Rinse empty containers with water and use the rinse water to prepare the working
solution. Can be landfilled or incinerated. when in compliance with local regulations.

TRANSPORT INFORMATION

Not regulated by DOT.
Material not restricted for transportation by DOT, IMO, TATA regulations.

15. REGULATORY INFORMATION

RCRA status: Not a hazardous waste.
Hazardous waste number: Not applicable
Reportable quantity (40 CFR 302):
Not applicable >
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Threshold planning quantity (40 CFR 335):
Not applicable

California Proposition 65 information:
The following stalement is made in order to comply with the California
Safe Drinking Water and Toxic Enforcement Act of 1986: This
product contains a chemical(s) known to the State of Californma w
cause cancer: residual acrylamide.

All components of this product are on the TSCA and DSL inventories WHMIS (CANADA): Not

Regulated
HMIS & NFPA Ratings HMIS NFPA
Health: 1 1
Flammability: 1 1
Reactivity 0 0

Reasonable care has been taken in the preparation of this information, but the manufacturer makes no
warranty of merchantability or any other warranty. expressed or implied, with respect to this information.
The manufacturer makes no representations and assumes no liability for any direct, incidental or
consequential damages resulting from its use. Recipients are advised to confirm in advance of need that the
information is current, applicable, and suitable to their circumstances. This information is for the specific
material described only and may not be valid if the material is used in combination with any other materials
or in any process. The user is responsible to determine the completeness of the information and suitability
for the user’s own particular use. The knowledge and belief of the company, the information is accurate
and reliable as of the date indicated but the company makes no express or implied warranty of
merchantability for the material or the information. The company makes no express or implied warranty of
fitness for a purpose for the material or for the information. Users of any chemical should educate
themselves on all aspects of its use by independent investigation of current scientific and medical
knowledge that the material can be used salely
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EARTHEUARD

Terra Novo, Inc.
EarthGuard MATERIAL SAFETY DATA

Revision Date: 10/3/2012

1. IDENTIFICATION OF THE SUBSTANCE/PREPARATION AND THE COMPANY
PRODUCT NAME: EarthGuard

COMPANY: Terra Novo, Inc.,
2930 Patton Way
BAKERSFIELD, CA 93308, USA

TELEPHONE: 661.587.5716
EMERGENCY PHONE: CHEMTREC 800.424.9300
PRODUCT USE: Processing aid for industrial application

2. HAZARDS IDENTIFICATION

Appearance and Odor:

Form: Viscous liquid

Color: Milky

Odor: Aliphatic

Potential Health Effects:

Eye: May causce eye irritation with susceptible persons.
Skin: Slightly irritating.

Potential Physical/Chemical Effects: Spills produce extremely slippery surfaces.

3. COMPOSITION/INFORMATION ON INGREDIENTS

Identification: Anionic water-soluble polymer in emulsion.

Regulated Components: Nonc.

4. FIRST AID MEASURES

Inhalation: Movc to fresh air immediacely. No hazards which require special first aid measures.
Skin contact: Wash off immediately with soap and plenty of water. Get medical attention if irritation
develops and persists.

i
Eye contact: Rinse thoroughly with plenty of water, also under the eyelids. Get medical attention if

irritation develops and persists.

Page 1 0l 6



EARTHGUARD

Terra Novo, Inc.
EarthGuard MATERIAL SAFETY DATA

Revision Date: 10/3/2012

Ingestion: Rinse mourh with warer. Do not induce vomiting. Ger medical atrention immediately.

5. FIRE-FIGHTING MEASURES

Suitable extinguishing media: Water. Water spray. Foam. Carbon dioxide (CO2). Dry powder.
Precautions: Spills produce extremely slippery surfaces.

Special protective equipment for firefighters: No special protective equipment required.
Flash point (°C): Does not flash.

Autoignition temperature (°C): Does not ignite.

Flash point : Not applicable.

Autoignition temperature (°C): Not applicable.

6. ACCIDENTAL RELEASE MEASURES

Personal precautions : No special precautions required. Wear adequate personal protective equipment
(see Secton 8 Exposure Controls/Personal Protection). Keep people away from spill/leak.
Environmental precautions : As with all chemical products, do not flush into surface water.

Methods for cleaning up : Do not flush with water, Dam up. Soak up with inert absorbent material. If
liquid has been spilled in large quantities, clean up promptly by scoop or vacuum. Keep is suitable and closed

containers for disposal. After deaning, flush away traces with water,

7. HANDLING AND STORAGE

Handling

Safe handling advice : Avoid contact with skin and cyes. When preparing the working solutions ensure
there is adequate vendlation, When using do not smoke.

Storage

Keep in a cool, dry place (0 - 30 °C). Keep away from heat and sources of ignition, Freezing will affect the
physical condition and may damage the material.

8. EXPOSURE CONTROLS / PERSONAL PROTECTION

Engineering measures

Page 20l 6
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Terra Novo, Inc.
EarthGuard MATERIAL SAFETY DATA

Revision Date: 10/3/2012

Use local exhaust if misting occurs. Narural ventilation is adequare in absence of mists.

Personal protective equipment

Respiratory protection : Not required ; excepr in case of acrosol formation

Hand protection : PVC or other plastic material gloves

Eye protection : Satery glasses with side-shields. Do not wear contact Ienses where this producr is
uscd.

Skin and body protection : Chemical resistant apron or prorective suit if splashing or repeared
contact with solution is likely.

Hygiene measures

Handle in accordance with good industrial hygiene and safety practice, When using do not eat, drink or
smoke. Wash hands before breaks and at the end of workday.

9. PHYSICAL AND CHEMICAL PROPERTIES

Form : Viscous liquid

Color : Milky

Odor : Aliphatic

pH: 6-8@ 5 g/l

Specific Gravity: 1.05

Melting point/range : Not applicable
Flash point ;: Not applicable

Autoignition temperature (°C): Not applicable
Vapor pressure (mm Hg): (0,002 @ 20°C
Bulk viscosity (cps): 1200

Kinematic viscosity @) 40°C (mm?/s): >>20.5

10. STABILITY AND REACTIVITY

Stability : Hazardous polyimerization does not occur. Stable.

Pave 3 of 6
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EarthGuard MATERIAL SAFETY DATA

Revision Date: 10/3/2012

Materials to avoid : Oxidizing agents may cause exothermic reactions.
Hazardous decomposition products : Thermal decompositon may produce. Nitrogen oxides (NOx).

Carbon oxides (COx).

11. TOXICOLOGICAL INFORMATION
Acute toxicity

Oral : LD50/oral /rat = 5000 mg/kg.
Dermal : LD50/dermal /rat > 5000 ma/kg.

Inhalation : The product is not expected to be toxic by inhalation.
Irritation

Skin : Slightly irritating

Eyes : May cause eye irritation with susceptible persons
Sensitization :

Not sensitizing.

Chronic toxicity :
No Chronic effects

12. ECOLOGICAL INFORMATION

Aquatic toxicity

Toxicity to fish : 1.C50/Danio rerio (Zebra fish)/96 hours > 100 mg/T. (OECD 203)./96 hours > 100
mg/1, (OECD 203).

Toxicity to daphnia : LC50/Daphnia magna (Water flea) /48 hours > 100 mg/T. (OTNCD 202).
Toxicity to algae : FC50/Scenedesmus subspicatus (Green algac) /72 hours > 100 mg/T. (OECD
201).

Persistence and degradability : Not readily biodegradable.

Hydrolysis : Does not hvdrolyze.

Page 4 of 6
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Terra Novo, Inc.
EarthGuard MATERIAL SAFETY DATA

Revision Date: 10/3/2012

13. DISPOSAL CONSIDERATIONS

Disposal : Dispose of in accordance with local, stare and federal regulations.

Container : Rinse empty conrainers with water and usc the rinse water ro prepare the working solurion. Can
be landfilled or incinerated, when in compliance with local, state and federal regulatons.

14. TRANSPORT INFORMATION
DOT
Remarks : Not classified as dangerous in the meaning of DOT regulations.

IMDG/IMO

Remarks : Not classified as dangerous in the meaning of INO/INDG regulations.

ICAO/IATA

Remarks : Nor classified as dangerous in the meaning of ICAQ/TATA regulations

15. REGULATORY INFORMATION

US SARA Reporting Requirements:

SARA (Section 311/312) hazard class: Not concerned.

International Inventories USA (TSCA): All components of this product are either listed on the inventory
or are exempt from listing.

Canada (DSL) : All components of this product are cither listed on the inventory or are exempt from listing.

Page 5 0l 6
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EARTHGUARD

Terra Novo, Inc.
EarthGuard MATERIAL SAFETY DATA

Revision Date: 10/3/2012

16. OTHER INFORMATION
NFPA and HMIS Ratings :

=

NFPA :

THealth : 1 Flammability : 1 Tnstability : 0

HMIS :

Health : 1 Flammability : 1 Physical IHazard : ) MSDS was prepared in accordance with the following :

ISO 11014-1: Material Safery Data Sheer for Chemical Products ANST Z400.1-2004; Material Safery Data
Sheets - Preparation

Contact : 661.587.5716

The data in this Material Data Sheet relates only to the specilic material designated herein and does not relate to nse in combination with any other
material or inany process. This infurmativn is based upon technical information believed to be veliable. 11 s subject to revision as additional
knowledge and experience is gained.
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WIKIPEDIA

Polyacrylamide

https://en.wikipedia.org/wiki/Polyacrylamide
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Polyacrylamide (IUPAC poly(2-
propenamide) or poly(1-
cafbamoylethylene), abbreviated as
PAM) is a polymer (-CH,CHCONH,-)
formed from acrylamide subunits. It can be
synthesized as a simple linear-chain
structure or cross-linked, typically using
N,N'-methylenebisacrylamide. In the cross-
linked form, the possibility of the monomer
being present is reduced even further. It is
highly water-absorbent, forming a soft gel
when hydrated, used in such applications as
polvacrylamide gel electrophoresis, and can
also be called ghost crystals when cross-
linked, and in manufacturing soft contact
lenses. In the straight-chain form, it is also
used as a thickener and suspending agent.
More recently, it has been used as a
subdermal filler for aesthetic facial surgery
(see Aquamid).

Contents

Uses of polyacrylamide
- Soil conditioner

Stability
Environmental effects
See also

References

Polyacrylamide
CHy—HC——
T
]
Names
IUPAC name
poly(2-prop-enamide)
Identifiers
CAS 9003-05-8 (http://www.commonchemistry.org

Number /chemicalDetail. aspx?ref=9003-05-8)

ChemsS pider none

ECHA 100.118.050 (https://echa.europa.eu

InfoCard /substance-information/-/substanceinfo
/100.118.050)

UNII 5D6TC4BRWV (https://fdasis.nim.nih.gov
/srs/srsdirect.jsp?regno=5D6TC4BRWWV) (1500
MW) #

Properties
Chemical (C5HsNO),
formula

Except where otherwise noted, data are given for materials
in their standard state (at 25 °C [77 °F], 100 kPa).

X verify (what is “* ?)

Infobox references

Uses of polyacrylamide

One of the largest uses for polyacrylamide is to flocculate solids in a liquid. This process applies to water

treatment, and processes like paper making and screen printing. Polyacrylamide can be supplied in a powder or

liquid form, with the liquid form being subcategorized as solution and emulsion polymer. Even though these

products are often called 'polyacrylamide’, many are actually copolymers of acrylamide and one or more other

chemical species, such as an acrylic acid or a salt thereof. The main consequence of this is to give the 'modified

10/31/2018. 18:08
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polymer a particular ionie character.

Another common use of polyacrylamide and its derivatives is in subsurface applications such as Enhanced Oil
Recovery. High viscosity aqueous solutions can be generated with low concentrations of polyvacrylamide polymers,
and these can be injected to improve the economics of conventional waterflooding.

The linear soil conditioning form was developed in the 1950s by Monsanto Company and was marketed under the
trade name Krilium. The soil conditioning technology was presented at a symposium on "Improvement of Soil
Structure” held in Philadelphia, Pennsylvania on December 29, 1951. The technology was strongly documented
and was published in the June 1952 issue of the journal Soil Science, volume 73, June 1952 that was dedicated to
polymeric soil conditioners.

The original formulation of Krilium was difficult to use because it contained calcium which cross-linked the linear

polymer under field conditions. Even with a strong marketing campaign, Krilium was abandoned by Monsanto.

After 34 years, the journal Soil Science wanted to update the soil conditioning technology and published another
dedicated issue on polymeric soil conditioner and especially linear, water-soluble, anionic polyacrylamide in the
May 1986 issue, volume 141, issue number 5.

The Foreword, written by Arthur Wallace from UCLA and Sheldon D. Nelson from BYU stated in part:
The new water-soluble soil conditioners may, if used according to established procedures

. increase pore space in soils containing clay

. Increase water infiltration into soils containing clay

. prevent soil crusting

. stop erosion and water runoff

. make friable soil that is easy to cultivate

6. make soil dry quicker after rain or irrigation, so that the soil can be worked sooner

g~ W N =

Consequently, these translate into

. stronger, larger plants with more extensive root system
. earlier seed emergence and crop maturity

. more efficient water utilization

. easier weed removal

. more response to fertilizers and to new crop varieties

. less plant diseases related to poor soil aeration

7. decreased energy requirement for tillage

D B WN =

The cross-linked form which retains water is often used for horticultural and agricultural under trade names such
as Broadleaf P4, Swell-Gel, and so on.

The anionic form of linear, water soluble polyacrylamide is frequently used as a soil conditioner on farm land and

construction sites for erosion control, in order to protect the water quality of nearby rivers and streams.!!]

The polymer is also used to make Gro-Beast toys, which expand when placed in water, such as the Test Tube
>
Aliens. Similarly, the absorbent properties of one of its copolymers can be utilized as an additive in body-powder.

The ionic form of polyacrylamide has found an important role in the potable water treatment industry. Trivalent

2ol 4 10/31/2018. 18:08
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metal salts, like ferric chloride and aluminum chloride, are bridged by the long polymer chains of polvacrylamide.
This results in significant enhancement of the flocculation rate. This allows water treatment plants to greatly

improve the removal of total organic content (TOC) from raw water.

Polvacrylamide is also often used in molecular biology applications as a medium for electrophoresis of proteins
and nucleic acids in a technique known as PAGE.

It was also used in the synthesis of the first Boger fluid.

Soil conditioner

The primary functions of polvacrylamide soil conditioners are to increase soil tilth, aeration, and porosity and
reduce compaction, dustiness and water run-off. Secondary functions are to increase plant vigor, color,
appearance, rooting depth and emergence of seeds while decreasing water requirements, diseases, erosion and

maintenance expenses. FC 2712 is used for this purpose.

Stability

In dilute aqueous solution, such as is commonly used for Enhanced Oil Recovery applications, polyacrylamide

polymers are susceptible to chemical, thermal, and mechanical degradation. Chemical degradation occurs when
the labile amide moiety hvdrolyzes at elevated temperature or pH, resulting in the evolution of ammonia and a
remaining carboxyl group. Thus, the degree of anionicity of the molecule increases. Thermal degradation of the
vinyl backbone can occur through several possible radical mechanisms, including the autooxidation of small
amounts of iron and reactions between oxygen and residual impurities from polymerization at elevated
temperature. Mechanical degradation can also be an issue at the high shear rates experienced in the near-wellbore

region.

Environmental effects

Concerns have been raised that polyacrylamide used in agriculture may contaminate food with acrylamide, a
known neurotoxin and carcinogenl?. While polyacrylamide itself is relatively non-toxic, it is known that
commercially available polyacrylamide contains minute residual amounts of acrylamide remaining from its
production, usually less than 0.05% w/w.[]

Additionally, there are concerns that polyacrylamide may de-polymerise to form acrylamide. In a study conducted
in 2003 at the Central Science Laboratory in Sand Hutton, England, polyacrylamide was treated similarly as food
during cooking. It was shown that these conditions do not cause polyacrylamide to de-polymerise significantly.[4]

In a study conducted in 1997 at Kansas State University, the effect of environmental conditions on polyacrylamide
were tested, and it was shown that degradation of polyacrylamide under certain conditions can cause the release
of acrylamide.l®! The experimental design of this study as well as its results and their interpretation have been
questioned,[®l7] and a 1999 study by the Nalco Chemical Company did not replicate the results.[®]

See also
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Abstract

Hydrolysis of polyacrylamide-based polymers is rapid and extensive
under the alkaline conditions typical of alkaline-surfactant-polymer
(ASP) flooding. Even at room temperature, significant hydrolysis occurs
within one to two months in the presence of sodium carbonate. While
this implies that polymers used in ASP floods will rapidly become
susceptible to precipitation with divalent cations, in most cases the alkali
present will be the most sensitive component to precipitation so this may
be a moot point. Also, autoretarding kinetics under alkaline conditions
limit hydrolysis at 100 °C whereas complete hydrolysis occurs under
neutral conditions. Furthermore, in-situ hydrolysis of initially
unhydrolyzed polyacrylamide is proposed as a promising strategy for
ASP floods since the injectivity of the unhyrolyzed polyacrylamide will be
greater than hydrolyzed polyacrylamide due to its lower initial viscosity.
The lower initial viscosity is not a disadvantage since once it has been
hydrolyzed in-situ, its viscosity will increase.

Introduction

In this paper we will preserve the terminology of Muller (1981a, 1981b)
in referring to the continued hydrolysis of partially hydrolyzed
polyacrylamides (HPAM), which results in their sensitivity to calcium, as
"chemical degradation,?? which is not to be confused with cleavage of
the acrylic backbone by radical mechanisms, which Muller refers to as
"thermal degradation.?? The distinction is a useful one, as the two

https://www.onepetro.org/conference-paper/SPE-129879-MS
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Other Resources

Looking for more?

Some of the OnePetro
partner societies have
developed subject-
specific wikis that may
help.

PetroWiki

PetroWiki was
initially created from
the seven volume
Petroleum
Engineering
Handbook (PEH)
published by the
Society of Petroleum
Engineers (SPE).

The SEG Wiki is a
useful collection of
information for
working
geophysicists,
educators, and
students in the field
of geophysics. The
initial content has
been derived from

: Robert E. Sheriff's
Encyclopedic
Dictionary of Applied
Geophysics, fourth
edition.
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phenomena can largely be addressed separately in order to decouple
their often competing effects on viscosity, as is done herein along with a
companion paper (Levitt et al., 2010).

Early Work Concerning Chemical Instability of Polyacrylamide. The
hydrolysis of polyacrylamide (PAM) and partially hydrolyzed
polyacrylamide (HPAM) polymers at elevated temperatures was noted
by Muller et al., (1980, 1981a, 1981b) and Shupe (1981) due to the
increase of viscosity, change in pH, and evolution of ammonia observed
in PAM solutions aged at elevated temperature, as well as precipitation
with divalent cations. Muller et al. performed an early and in-depth
analysis of the change in viscosity and conformational properties of
HPAM with degree of hydrolysis (t) ranging from 0 to 0.49 in the
presence of various amounts of NaCl, MgClI2, and CaCl2. They found
that precipitation occurred when t exceeded about 0.3, but that this
depended on the charge density (at), the product of t and the degree of
ionization (a), which depends on the pH.

Davidson and Metzner (1982) noted the precipitation of HPAM when
aged at 90 C in the presence of calcium and magnesium and
determined that this was due to further hydrolysis of the polymer
followed by the precipitation of an insoluble salt. After further
investigation, it was determined that 70 C was the temperature at which
precipitation became an issue in seawater for a time period of 200 days.

Zaitoun and Potie (1983) performed a detailed investigation of the
precipitation phenomena between HPAM and calcium. They determined
that precipitation can occur when the degree of hydrolysis (t) exceeds
0.35 at 30 C or 0.33 at 80 C. In the limiting conditions of t = 1, (i.e.
complete hydrolysis, or poly(acrylic acid) (PAA)) precipitation occurs at
the stoichiometric equivalence point, where 1 mol of Ca++ is present for
every two moles of acrylate moiety. As degree of hydrolysis decreases,
an increasing excess of calcium over stoichiometric equivalence is
required before precipitation occurs, but this excess does not depend on
polymer concentration. In this region, the precipitation is described in
the terminology of lkegami and Imai (1962) as a site fixation
phenomenon. At lower t, below about t = 0.6, the precipitation
phenomenon is theta type, resulting from poor solvation. In this region,
the critical degree of hydrolysis is independent of polymer concentration
and redissolution is observed at very high calcium concentrations.

File Size 342KB  Number of Pages 9
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Related Terms

« Aluminum phosphate, anhydrous sodium phosphate, bone ash, bone phosphate, calcium
orthophosphate, calcium phosphate, calcium phosphate dibasic anhydrous, calcium phosphate dibasic
dihydrate, calcium phosphate tribasic, colestilan, dibasic potassium phosphate, dibasic sodium
phosphate, dicalcium phosphate, dicalcium phosphate, dipotassium hydrogen orthophosphate,
dipotassium monophosphate, dipotassium phosphate, disodium hydrogen orthophosphate, disodium
hydrogen orthophosphate dodecahydrate, disodium hydrogen phosphate, disodium phosphate,
elemental phosphorus, MCI-196, monobasic potassium phosphate, monobasic sodium phosphate,
neutral calcium phosphate, phosphate of soda, phosphatidylcholine, phosphatidylserine, potassium acid
phosphate, potassium biphosphate, potassium dihydrogen orthophosphate, potassium phosphate,
precipitated calcium phosphate, sevelamer (Renagel®), sodium orthophosphate, sodium phosphate,
tertiary calcium phosphate, tribasic sodium phosphate, tricalcium phosphate, whitlockite.

Note: The term "phosphates” in this monograph refers to anhydrous sodium acid phosphate, dibasic
sodium phosphate, dipotassium phosphate anhydrous, monobasic potassium acid phosphate, o5
monobasic sodium phosphate, phosphorus, potassium phosphate, sodium biphosphate, and sodium
phosphate. Phosphate salts should not be confused with toxic substances such as organophosphates,
or with tribasic sodium phosphates and tribasic potassium phosphates, which are strongly alkaline.
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Background

« Phosphorus is a mineral found in many foods, such as milk, cheese, grains, dried beans, peas, colas,
nuts, and peanut butter, Phosphate is the most common form of phosphorus. In the body, phosphate is
the most abundant intracellular anion. It is critical for energy storage and metabolism, the utilization of
many B-complex vitamins, the buffering of body fluids, kidney excretion of hydrogen ions, proper muscle
and nerve function, and maintaining calcium balance. Phosphorus is vital to the formation of bones and
teeth, and healthy bones and soft tissues require calcium and phosphorus to grow and develop
throughout life. Inadequate intake of dietary phosphate can lead to hypophosphatemia (low levels of
phosphate in the blood), which can lead to long-term potentially serious complications. Conversely,
excess phosphate intake can lead to hyperphosphatemia (high blood phosphorus levels), which occurs
particularly in people with impaired kidney function and can lead to potentially serious electrolyte
imbalances, adverse effects, or death.

In adults, phosphorus makes up approximately 1% of total body weight. It is present in every cell of the
body, although 85% of the body's phosphorus is found in the bones and teeth.

Phosphates are used clinically to treat hypophosphatemia and hypercalcemia (high blood calcium
levels), as saline laxatives, and in the management of calcium-based kidney stones. They may also be
of some benefit to patients with vitamin D-resistant rickets, multiple sclerosis, and diabetic ketoacidosis
(a very serious complication in which the body only uses fatty acids as fuel and produces acidic ketone
bodies).

Based on the potential for side effects associated with high blood levels of phosphorus, phosphorus
supplementation should be done only under medical supervision.

-

« Tup
Evidence Table
These uses have been tested in humans or animals. Safety and effectiveness have not always GRADE
been proven. Some of these conditions are potentially serious, and should be evaluated by a 5

qualified healthcare provider.

Occasional constipation is a use of phosphates approved by the U.S. Food and Drug Administration
(FDA) in adults and children, both in oral form and as an enema (for example, Fleet Enema).
Phosphates are also used to restore bowel activity after surgery.

A

Phosphate salts (except for calcium phosphate) are effective in the treatment of hypercalcemia.
However, intravenous phosphate for treating hypercalcemia may not be recommended, due to concerns
about lowering blood pressure, excessively lowering calcium levels, heart attack, tetany, or kidney
failure. Sudden hypotension (low blood pressure), kidney failure, and death have been reported after
phosphate infusion.

Hypophosphatemia is an FDA-labeled use of phosphates in adults. Taking sodium phosphate or
potassium phosphate is effective for preventing and treating most causes of hypophosphatemia and A
should be directed under medical supervision. The underlying cause of the hypophosphatemia should

be identified and corrected whenever possible.

Kidney stones (nephrolithiasis) are an FDA-labeled use of phosphates in adults. Taking potassium and
sodium phosphate salts orally may help prevent kidney stones in patients with hypercalciuria (high urine
calcium levels) and in patients with kidney stones made of calcium oxalate. However, phosphate
administration when stones are composed of magnesium-ammonium-phosphate or calcium phosphate
may increase the rate of stone formation.

A

This is an FDA-labeled use of phosphates in adults and children. Sodium phesphate taken orally or as
an enema may be used for bowel cleansing in preparation for surgery, imaging studies, or endoscopy
(for example, Fleet Phospho-soda®, Fleet Enema). Phosphates appear to increase peristalsis and
cause an influx of fluids into the intestine via osmotic action. Aluminum phosphate is used orally to
neutralize gastric acid.

A

After periods of severe malnutrition or starvation (for example, anorexia nervosa), intravenous
phosphate may be necessary in order to prevent a refeeding syndrome. Phosphate levels should be
closely monitored in such patients.

Early research shows that high amounts of phosphorus may have negative effects on bone density. Thisg
is because phosphorus decreases bone formation and increases bone resorption. In clinical research,
there was a lack of an association between milk intake and hip fracture in women. Milk is a source of
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phosphorus, as are calcium, protein, and supplementary vitamin D in certain countries, such as the
United States. Well-designed studies are needed to confirm these findings.

Patients with serious burns may lose phosphate, and replacement may be necessary. Well-designed C
clinical trials are necessary before conclusions may be drawn.

The use of prophylactic phosphate therapy in diabetic ketoacidosis (a very serious complication in

which the body only uses fatty acids as fuel and produces acidic ketone bodies) is controversial and

may be considered, particularly in cases of low phosphate levels. In general, phosphate replacement is c
not routinely recommended, based on the lack of clinical benefit in some studies, as well as the

potential for adverse effects, such as hypocalcemia and soft tissue calcification. In cases of low
phosphate levels, some potassium replacement may be provided as potassium phosphate. Well-
designed clinical trials are still necessary.

Evidence is mixed with respect to the effect of oral phosphates on exercise performance. Further c
research is needed.

Long-term, slow-release neutral potassium phosphate has been shown to reduce calcium excretion in
subjects with absorptive hypercalciuria, and it appears to be well tolerated. This use of phosphates may
be considered to prevent kidney stone formation. Further research is required.

Hyperparathyroidism is the overactivity of the parathyroid glands. This results in excess production of
parathyroid hormone (PTH), involved in the regulation of calcium and phosphate levels. At least in someC
patients with hyperparathyroidism, serum phosphate levels are low. However, well-designed clinical

trials investigating the use of phosphates for this purpose are lacking, and further research is required.

The effect of the addition of calcium and phosphorus to human milk on growth and bone metabolismin C
preterm infants is unclear. Further research is needed.

Critically ill patients receiving intravenous feedings often have low phosphate levels. Phosphate levels
should be closely monitored in such patients, particularly if kidney function is impaired. Inorganic c
phosphates avoid incompatibility with calcium in TPN solutions. The addition of phosphate to TPN
solutions should be under the supervision of a licensed nutritionist.

Vitamin D-resistant rickets is a fairly common type of rickets and is defined by its resistance to treatment
with vitamin D. Low levels of phosphates are common in many of these patients. However, well- c
designed clinical trials investigating the use of phosphates for this purpose are lacking, and further
research is required.

* Key to grades

A: Strong scientific evidence for this use

B: Good scientific evidence for this use

C: Unclear scientific evidence for this use

D: Fair scientific evidence for this use (it may not work)

F: Streng scientific evidence against this use (it likley does not work)

= Tep

Tradition / Theory
The below uses are based on tradition, scientific theories, or limited research. They often have not been
thoroughly tested in humans, and safety and effectiveness have not always been proven. Some of these

conditions are potentially serious, and should be evaluated by a qualified healthcare provider. There may be
other proposed uses that are not listed below,

= Anxiety, appetite stimulant, bone diseases (pain), cancer, cancer (clear cell carcinoma), dental
conditions, depression, encephalopathy (hypophosphatemic encephalopathy), fatigue, growth, irritability,
joint problems, multiple sclerosis, muscle pain, osteoporosis, radioactive (thallium) parathyroid scanning
enhancement, uterine cancer (uterine papillary serous carcinoma), weight gain, weight loss.

- Top
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Dosing
Adults (18 years and older)

» The recommended daily intake has been suggested to be 700 milligrams of phosphorus daily for adults
aged 18 years and older, including pregnant or breastfeeding women.

The tolerable upper intake level (UL) for adults 19-70 years old is four grams daily; for adults more than
70 years old, the UL is three grams daily. The recommended UL in pregnant women is 3.5 grams daily,
and in breastfeeding women, it is four grams daily.

Phosphate salts should not be given to patients with hyperphosphatemia (high bloed phosphorus levels)
and should be used cautiously in those with impaired kidney function.

Doses typically range from one to three grams of phosphorus (as a phosphate salt (sodium phosphate or
potassium phosphate) or elemental phosphate) daily by mouth for the treatment of calcium oxalate
kidney stones, hypercalcemia, or hypophosphatemia. Doses are usually divided and taken throughout
the day.

Fleet Enema (118 milliliters) can be used as a laxative when administered rectally. It should be
administered as a single daily dose. Laxatives should not generally be used for more than one week. 4-8
grams of sodium phosphate dissolved in water has also been used as a saline laxative (it should be
taken with plenty of water).

Intravenous phosphate 50 millimoles (sodium: 81 millimoles, potassium: 9.5 millimoles) over 24 hours
has been used during refeeding syndrome when serum phosphate falls below 0.5 millimoles per liter.
Phosphate blood levels should be closely followed.

-

Children (younger than 18 years)

* The recommended daily intake for infants and children is: infants 0-6 months old, 100 milligrams
(additional phosphorus may be added to infant formulas); infants 7-12 months old, 275 milligrams;
children ages 1-3 years old, 460 milligrams; children ages 4-8 years old, 500 milligrams; children ages
9-18 years old (including pregnant or breastfeeding females), 1,250 milligrams.

The Tolerable Upper Intake Level (UL) for infants aged 0-12 months old is not clearly established and the
source of intake should be from food and formula only; for children 1-8 years old the UL is 3 grams daily;
for children 9-18 years old the UL is 4 grams daily.

Children under 12 years of age should not receive an adult-size Fleet Enema. Children 2-12 years of age
may receive a Fleet Ready-To-Use Enema for children in a single daily dose (two fluid ounces).
Laxatives should not generally be used for more than one week.

Children 5-10 years old may receive five milliliters of Fleet Phospho-soda® and should not exceed 10
milliliters in a 24-hour period. Children 10-12 years old may receive 10 milliliters and should not exceed
20 milliliters in a 24-hour period. Children over 12 years old may receive a dose of 20 milliliters and
should not exceed 45 milliliters in a 24-hour period. Do not administer Fleet Phospho-soda® to children
under five years of age.

Children may also receive intravenous preparations, which should be given under the supervision of a
licensed healthcare professional.

Safety

The U.S. Food and Drug Administration does not strictly regulate herbs and supplements. There is no guarantee
of strength, purity or safety of products, and effects may vary. You should always read product labels. If you
have a medical condition, or are taking other drugs, herbs, or supplements, you should speak with a qualified
healthcare provider before starting a new therapy. Consult a healthcare provider immediately if you experience
side effects.

Allergies

* Avoid if allergic to any ingredients in phospherus or phosphate preparations.

Side Effects and Warnings

= In general, sodium, potassium, aluminum, and calcium phosphates are likely safe when used orally in
recommended doses for short-term periods by people without hyperphesphatemia, impaired kidney
function, or other health conditions known to increase the risk of hyperphosphatemia. Sodium phosphate
is likely safe when used rectally for short-term periods in otherwise healthy individuals with normal
kidney function. Long-term use or high doses used orally or rectally require monitoring of serum
electrolytes. Intravenous phosphate is likely safe when used as an FDA-approved prescription drug
under medical supervision in people without hyperphosphatemia, impaired kidney function, or other
health conditions known to increase the risk of hyperphosphatemia.

Nausea or gastrointestinal irritation can occur. A reduction in dosage may be necessary to minimize
diarrhea. Potassium acid phosphate may cause dyspepsia in patients with a history of peptic ulcer
disease. Aluminum phosphate may cause constipation. Oral sodium phosphate may cause bloating,
cramps, abdominal pain, and nausea.

Phosphate salts should not be confused with toxic substances such as organophosphates, or with
tribasic sodium phosphates and tribasic potassium phosphates, which are strongly alkaline.

Use cautiously in patients with gastrointestinal disorders, burns, pancreatitis, underactive parathyroid »
glands (with sodium phosphate or potassium phosphate), underactive adrenal glands, or liver disease,
as excessive intake of phosphorus or phosphate may worsen these conditions.

* Use cautiously in kidney stone formers.

* Use phosphate enemas cautiously, following medical and label directions.

« Use cautiously in patients with low blood pressure, or in those taking blood pressure-lowering agents.
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Use cautiously when using agents that may affect electrolyte levels l j G E
Use cautiously in patients at risk for osteoporosis, rickets, or osteomalacia (softening of bones), as early
research shows that high amounts of phosphorus may have negative effects on bone density. Excessive
phosphorus or phosphate supplementation may worsen these conditions.

Avoid in patients with kidney disease, and in those on dialysis, at risk for cardiovascular disease, or
using prescribed phosphate binders, due to the increased risk of cardiovascular disease associated with
increased phosphate levels, as well as due to the increased risk of parathyroidectomy. Excessive intake
of phosphates may cause calcification of kidney tissue or acute kidney failure.

Avoid excessive amounts, and avoid use in patients with electrolyte imbalances, as excessive intake of
phosphates may cause potentially serious or life-threatening toxicity or electrolyte disturbances, such as
hypocalcemia (low calcium blood levels), hypomagnesemia (low magnesium blood levels),
hyperphosphatemia (high phosphorus blood levels), or hypokalemia (low potassium levels). Death has
been reported in infants or adults with oral, rectal, or intravenous phosphates, particularly in those at
increased risk for electrolyte disturbances. Late symptoms may include abdominal pain, vomiting of
phosphorescent materials, bloody vomiting and diarrhea, headache, limb aches, tongue coating, foul
breath, weakness, and yellow conjunctivae (whites of the eyes). Rare complications may include
confusion, convulsions (seizures), headache, dizziness, numbness, tingling, pain, weakness, anxiety,
increased thirst, muscle cramps, or fatigue. Abnormal heart rhythms, shortness of breath, foot or leg
swelling, and weight gain have been reported.

Avoid with known allergy to any ingredients in phosphorus or phosphate preparations.

Avoid in pregnant women, especially those with toxemia of pregnancy, or lactating women, unless under
the guidance of a health professional.

Pregnancy and Breastfeeding

The U.S. Food and Drug Administration (FDA) has categorized phosphorus as Pregnancy Category C,
The tolerable upper intake level (UL) for phosphorus in pregnant women is 3.5 grams daily, and in
breastfeeding women, it is four grams daily. The recommended daily intake in pregnant or breastfeeding
fermales 18 years old and younger is 1,250 milligrams daily.

- Top

Interactions

Interactions with Drugs

L I

Antacids containing aluminum, calcium, or magnesium can bind phosphate in the gut and prevent its
absorption, potentially leading to hypophosphatemia (low phosphate levels) when used chronically.
Some anticonvulsants (including phenobarbital and carbamazepine) may lower phosphorus levels and
increase levels of alkaline phosphatase.

Bile acid sequestrants such as cholestyramine (Questran®) and colestipol (Colestid®) can decrease oral
absorption of phosphate. Therefore, oral phosphate supplements should be administered at least one
hour before or four hours after these agents.

Corticosteroids may increase urinary phosphorus levels

Potassium supplements or potassium-sparing diuretics taken together with 2 phosphate may result in
high blood levels of potassium (hyperkalemia).

Alcohol (ethanol) may increase urinary phosphorus. Wine may enhance absorption of phosphorus (as
well as calcium and magnesium).

Calcimimetics and insulin may decrease blood leveis of phosphorus

Estrogen may increase urinary phosphorus.

Phosphate binders decrease blood levels of phosphorus.

Medications that may affect electrolyte levels should be used cautiously with phosphates. Examples
include amiloride (Midamor®); angiotensin-converting enzyme (ACE) inhibitors such as benazepril
(Lotensin®), captopril (Capoten®), enalapril (Vasotec®), fosinopril (Monopril®), lisinopril (Zestril®,
Prinivil®), quinapril (Accupril®), or ramipril (Altace®); cyclosporine; cardiac glycosides (Digoxin®);
heparins; anti-inflammatory drugs; potassium-containing agents, salt substitutes; spironclactone
(Aldactone®); and triamterene (Dyrenium®).

Phosphates may cause low blood pressure. Caution is advised in patients taking agents that lower blood
pressure.

Phosphates may also interact with ACE inhibitors, cardiovascular agents, gastrointestinal agents,
hepatotoxic agents, osteoporosis drugs, and renal agents.

Interactions with Herbs and Dietary Supplements

Sof6

Calcium may impair phosphates in the body and result in calcium deposits in tissues.

Pumpkin seed may increase urine phosphates.

Niacin might decrease blood levels of phosphorus.

Excessive doses of calcitriol, the active form of vitamin D (or its analogs), may result in
hyperphosphatemia (high phosphate levals).

Phosphates may cause low blood pressure. Caution is advised in patients taking agents that lower blood
pressure.

Phosphates may also interact with ACE inhibitors, antacids, anticonvulsants, anti-inflammatory agents,
bile acid sequestrants, calcimimetics, cardiovascular agents, diuretics, electrolyte-modifying agents,
fructose, gastrointestinal agents, hepatotoxins, high-phosphate beverages (such as cola drinks),
hormonal agents, magnesium, ostecporosis agents, phosphate binders, potassium, renal agents, and -
salt substitutes.
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Attribution

= This information is based on a systematic review of scientific literature edited and peer-reviewed by
contributors to the Natural Standard Research Collaboration (v naturalstandard com).
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The information in this monograph is intended for informational purposes only, and is meant to help users better
understand health concerns. Information is based on review of scientific research data, historical practice
patterns, and clinical experience. This information should not be interpreted as specific medical advice. Users
should consult with a qualified healthcare provider for specific questions regarding therapies, diagnosis and/or
health conditions, prior to making therapeutic decisions.
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Osmosis Equation 0(); ) 9 A

Return to Solutions Menu MG/

Go to Reverse Osmosis

/5 I/MJ"Z-O

(7 \
Go o Osmosis /
\ (o
The osmosis equation is: QCM /
n=IMRT

7 is not equal to 3.14159 in this situation. © stands for the osmotic pressure and is usually expressed in the
pressure unit of atmospheres.

The definition of osmotic pressure: the amount of pressure required to stop the process of osmosis in your
experimental set-up.

The lowercase letter "i" is called the van 't Hoff factor and it will be dealt

with in the problems below. It is named for Jacobus Henricus van 't Hoff

(Henry to his friends). who applied PV = nRT to solutions and figured out
why "i" was needed and what it represents. The image just to the right is a
23K GIF of him.

He was awarded the first Nobel prize in chemistry in 1901 and the
ChemTeam thinks this is the official portrait selected from the many
pictures taken at the photo session. Love that hair! From the late 1870's to
the turn of the century, van 't Hoff was one of the premier chemists in the
world.

M is molarity: good old moles per liter.

R is the gas constant and we will be using the same value as in the gas laws
unit: 0.08206 L atm/mol K. Now, you may ask what a "gas" constant is
doing in a discussion of solutions. Well, for one thing it's called the "gas"
constant because it was discovered in the course of research on gases.

Also, van 't Hoff's insight was to see that PV = nRT applied to molecules of solute moving though the solvent.
(There is an article called How the Theory of Solutions Arose, which is about his insight. It is in the Classic
Papers section of the ChemTeam.) In essence, the molecules of solute are a "gas," dispersed through the
"universe" of solvent molecules. If | were to move V to the right side, | would get:

P=(n/V)RT
(n/ V) is moles divided by liters and that is molarity.

T is temperature, measured as usual in Kelvins.

What is the osmotic pressure of a 1.00 M solution of sucrose at 25°C?
When we insert into the equation, we have:

=i (1.00 mol/L) (0.08206 L atm / mol K) (298 K)
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However, there are two unknowns: m, the one we want and i. What is i? 9\ ' Ny G
Once again, i is called the van 't Hoff factor.
The van 't Hoff factor is a unitless, empirical constant related to the degree of dissociation of the solute.

WHAT IN THE WORLD DID HE JUST SAY???

OK. OK. The value is unitless. That means it is just a number like | or 2. Empirical means we must determine it
by experiment. You can predict what a theoretical value for i might be, but the real value is only found in an
experiment. The explanation follow shortly as to why.

The key is "degree of dissociation." This refers to the fact that some molecules ionize in solution (they split into
their positive and negative ions) and other do not. This idea was put forth by Svante Arrhenius in 1884 in his
Ph.D. dissertation and it was soundly rejected. (Arrhenius on electrolyvtic dissociation links to an excerpt from his
article which announced this concept to the world.) In 1903. he was awarded the Nobel Prize in chemistry for it.
Today, it's part of the common ordinary high school chemistry curriculum.

The van 't Hoff factor for sucrose is 1, since sucrose does not ionize in solution. It remains as whole molecules.
So the answer is 24.4 atm.
What is the osmotic pressure (at 25°C) of seawater? It contains approximately 35.0 grams of NaCl per liter.
(Seawater contains other stuft, but we'll ignore it.)
Convert grams to moles:

35.0 g/L. = 58.443 g/mol = 0.599 mol/L
Now. plug into the equation:

7= (i) (0.599 mol/L) (0.08206 L atm / mol K) (298 K)

There's that pesky van 't Hoff factor. What is its value for NaCl?

When NaCl ionizes in solution it produces Na* ions and CI™ ions. One mole of NaCl produces | mole of each
type of ion. So the van 't Hoff factor is, theoretically, equal to 2. However, we will use 1.8 and I'll explain that in a
moment.

So, plug again and then solve:
n=(1.8)(0.599 mol/L) (0.08206 L atm / mol K) (298 K)

=264 atm

@did I use 1.8 for the van 't Hoff factor for NaCl rather than 27

This has to do with a concept called ion pairing. In solution, a certain number of Na* ions and CI™ ions will
randomly come together and form NaCl ion pairs. This reduces the total number of particles in solution, hereby
reducing the van 't Hoff factor.

Go 1o Reverse Osmosis

Go to Osmosis
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13.9: SOLUTIONS OF ELECTROLYTES

Thus far we have assumed that we could simply multiply the molar concentration of a solute by the number of ions per formula unit to
* PageID Gptain the actual concentration of dissolved particles inan electrolyte solution. We have used this simple model o predict such properties
as [reezing poinis, melling points, vapor pressure. and osmotic pressure. [f this model were perfectly correct, we would expect the freezing
point depression of a 0,10 m solution of sodium chloride, with 2 mol of jons per mole of Y (NaCI\) in solution, to be exactly twice that of a 0.10 m
solution of glucose, with only | mol of molecules per mole of glucose in solution. In reality, this is not always the case. Instead, the observed change in
freezing, points for 0.10 m agqueous solutions of \(NaCI\) and KCl are significantly less than expected (=0.348°C and =0.344°C, respectively. rather
than =0.372°C), which suggests that fewer particles than we expecled are present in solution.

The relationship between the actual number of moles of solute added to form a solution and the apparent number as determined by colligative
properties is called the o ¢ 0ob e o and s defined as follows:Named for Jacobus Hendricus vant Hoff (1852-1911), a Dutch chemistry
professor at the University of Amsterdam who won the first Nobel Prize in Chemistey (1901) for his work on thermody namics and solutions.

A\ [i=\ dfrac{\ textfapparent number of particles in solution}}{ text{ number of moles of solute dissolved}} \ tag{13.9.1}\ |
NOTE
As the solule concentration increases Uhe van't Holff factor decreases
The van't Holf factor is therefore 4 measure of a deviation from ideal behavior. The lower the van’t Hoff factor, the greater the deviation. As the data
in Table 13.9.1 show, the van't Hoff factors for ionic compounds are somewhat lower than expected: that is, their solutions apparently contain fewer

particles than predicted by the number of jons per formula unit. As the concentration of the solute increases, the van't HofT factor decreases because
ionic compounds generally do not totally dissociate in aqueous solution.

Table 13.9.1: van't Hoff Factors for 0.0500 M Aqueous Solutions of Selected Compounds at 25°C

Compound i (measured) i (ideal)
plucose 1.0 1.0
SUCTOSE 1.0 1.0

Some SV '5_9/‘,( f-i"‘-;) \(NaCT\) 19 20
5¢L i [Jowi =
rd neg - \(HCIN) 19 2.0

NMpCl 2\) 37 3.0
\(FeCl 3\) 34 4.0
WMCatNG 3) 2\) 25 3.0
VAICT 3Y) A2 4.0
WMgSO dy) 1.4 20
Instead, some of the ions exist as (o1 s, a cation and an anion that for a brief time are associated with each other without an intervening shell of

water molecules (Figure 13.9.1). Each of these lemporary unils behaves like a single dissolved particle until it dissociates. Highly charged ions such as
Mg 2+ ) NCAIA B+ SO 44 2-]\), and PO 47{3=)\) have a greater tendeney lo form ion pairs because of their strong electrostatic
interactions, The actual number of solvated ions present in a solution can be determined by measuring a colligative property at several solute
concentrations.

lof2 12/3/2018. 16:16
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lon pair

Figure 13.9.1: lon Pairs. In concentrated solutions of electrolytes like | (NaCI'), somte of the ions form nentral ion pairs that wre not separated by soloent and diffuse
s single particles.

EXAMPLE 13.9.1: IRON CHLORIDE IN WATER

A 0.0500 M aqueous solution of \(FeCl3Y) has an osmotic pressure of 413 atm at 25°C Caleulate the van’t Hoff factor \ (i\) for the solution
Given: solule concenlration, osmolic pressune, and temperature

Asked for: van't Hofl factor

Stralegy:

A Use Equation 13.9.12 to caleulate the expected osmolic pressure of the solution hased on the effective concentration of dissolved particles in the
solvent.

B. Caleulate the ratio of the observed osmotic pressure to the expected value. Multiply this number by the number of ions of solute per formula
unit, and then use Equation 13.9.1 to caleulate the van't Hoff factor.

Solution:

A\ (FeCLAN) dissodiated completely in agueous solution, it would produce four ions per formula unit [Fed+(ag) plus 3C1=(aq)] for an effective
concentration of dissolved particles of 4 x (0.0500 M = 0.200 M. The osraotic pressure would be

NAPIEMRT=(0.200 \;mol /L) \left[0.0821\;(L-atm)/ (K-mol) \right] {298\ ; K}=4.89\; atm\ |

B The observed osmotic pressure is only 415 atm, presumably due Lo ion pair formation. The ratio of the observed osmotic pressure to the
valcalated value is £15 atm/4.89 atm = 0.849, which indicates that the solution contains (0.849)(4) = 340 particles per mole of \(FeC1 3\)
dissolved. Alternatively, we can calculate the ohserved particle concentration from the osmotic pressure of 4.13 atme

\[15N; atm=M \left] (.0821 \(L-atm)/(K-mal)\ right] (295 \;K) \ |
\[0.170 mol/L=M\ |

The ratio of this value to the expected value of 0.200 M is (.170 M/0,200 M = 0,850, which again gives us (0.850)(4) = 3.40 particles per mole of
N (FeCl ) dissolved. From Equation 13.9.1, the van't Hol[ factor for the solution is

\ =\ dirac{\ text{3.40 particles observed}{\ text{1 formula unit}y; FeCl 3j=3.40\ ]

EXERCISE 13.9.1: MAGNESIUM CHLORIDE IN WATER
Calculate the van't Holff factor for a 0.050 m aqueous solution of \ (MgC1_2\) that has a measured freezing point of =0.257C’.

Answer: 2.7 (versus an ideal value of 3

KEY CONCEPTS AND SUMMARY

lonic compounds may not completely dissociate in solution due 1o activity effects, in which case observed colligative effects may be less than
predicted. >
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If a little’s good, is more bhetter?
Mixing milk replacers for winter feeding of dairy calves

Dale Moore, Helen Floren and William Sischo for Progressive Dairyman

The total nutrients consumed
by pre-weaned calves affects their
average daily gain (ADG). What is
even more intriguing is some evidence
that the call’s ADG belore weaning
impacts its first-lactation milk vield.
At Cornell, calves on two farms in
New York were studied. For every
I-pound increase in ADG, the heifers,
on average, produced 841 pounds
more milk in their lirst lactation.
Those born during winter produced
about 1,200 pounds less milk in their
first lactation compared to calves
born during the summer. Increasing
calves’ nutrient intake in the winter
not only gives them additional energy
tor their higher maintenance needs,
it also improves their future milk
pruduction.

Muost producers are aware that
in cold climates, calves need more
nutrients in the winter. Adding more
milk replacer powder to the same
amount of water is one method dairy
producers and calf feeders use to meet
this need. Bul what happens when
too much powder is put into the same
amount of water?

Winter calf feeding
checklist

Check with your nutritionist

or veterinarian on the
nutrient requirements for your
calves in winter.

If adding milk replacer

powder to milk, increasing
the powder in the same amount of
water or putting additives into the
milk or milk replacer, check the
solids content and the osmolality to
make sure you do not exceed 16
percent total solids or 600 mOsm

Increase the total solids in
the milk replacer slowly, 1 to
2 percentage points at a time.

Do not add electrolyte
powders to milk or milk
replacers.

Provide free-choice water.

Add the milk replacer powder
before the final volume is
reached for the batch.

Mix all milk replacers
thoroughly to ensure
consistency in feeding.

Follow water temperatures
recommended on the milk
replacer mixing instructions,

K K KK K K:
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“Milk replacer powder feeding

There are quite a number of
different kinds of milk replacers in the
marketplace. knowing what you have
and what the mixing requirements
are is the first step. However, it is
important to evaluate the calves’
requirements. This tells you what kinds
of daily weight gains you can achieve
wilh the replacer.
look at the feeding programs of three
dairy farmers who donated some milk
replacer powder and samples of their
calf milk mixes.

Farm A was teeding a 22 percent
crude protein, 20 percent fat (22-20)
standard milk replacer at a rate of 2
quarts two times per day, They were
mixing at a rate of 1.25 pounds per

Asan example, we'll

gallon, which gave them about 13
percent total solids. Using the ?
Research Council Requirements for
Dairy Cattle for a 100-pound calf, the
energy allowable daily gain was about
0.8 pounds per day, and the protein
allowable gain was about 0.82 pounds
per day in mild temperatures.
Maintenance requirements on
Farm A used about 0.81 pounds of the
powder. If the temperature was about
32°F, the calf would be using most ot
their nutrients for maintenance with
not much left to gain any weight. If
they increased the total dry matter
intake to 1.5 pounds of replacer, they
would have enough energy for about
a half-pound of gain per day with
about 15.4 percent total solids in the

MNational

'I“RANS}TION‘ Calcium Bolusas feature
cutting-edge technology to deliver three proven
calcium sources for immediate and sustained

mix. If they increased the powder to
1.5 pounds per gallon per day, they
would have enough energy Lo grow
1 pound per day, but the mix would
be at 18 percent total solids. (In these
calculations, we are assuming they
are not eating much in the way of calf
starter),

Farm B fed a 25-25 milk replacer,
2 quarts two times daily. They mixed
al a rate of 1.8 pounds of powder
per gallon. At this rate, on paper,
a 100-pound calt could gain about
1.7 pounds per day in the summer
and about 1.2 pounds in the winter.
However, the total solids were about
18 percent

€2015 MA] Aremal Hinid

“About a year ago, we began
Irealing all cows in their
second lactation or greater
with TRANSITION™ Calcium
Boluses. In the last 700
cows thal have freshenad.
we have had only two

release. Avallable in two gizes, they are
-+ pasyfo use and haveno i
i wuhdrawal riod }

i displaced abomasums.

| never thought it was possible to have DA counts

this low! We think TRANSITION™ Calcium

Boluses, along with good management practices,

can dramatically reduce the incidence of many

diseases commonly seen at freshening. We are

very satisfied with TRANSITION™." . =

»

TRANSITION

Calcium Bolus

www.TransitionBolus.com  1-800-447-0687 i eson I3 MAI,....M..W.
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If a little’s good, is more better? cont'd from page 49

Farm C fed hospital milk plus a
milk replacer "booster.” Their liquid
calf feed was more than 18 percent
total solids.

Total solids and osmolality
of calf liquid feeds

The measure of total solids
includes all of the components in
the milk or milk replacer. We can
think of it as the total dry matter in
the liguid calf feed, The total solids
of whole milk ranges from about
12.5 to 14 percent, depending upon
the cow breed. Many of the feeding
suggestions on milk replacers suggest
mixing to 12.5 percent total solids to
mimic what calves might see from
the cow. The exact limit of percent
total solids that can be Fui ditfers
among nutritionists -
ar more

solute particles in a solution. The

than 300 mOsm per kg, the same
asitisin (:.1]\1'5" blood. For Far

Tids per n,.]llnn]
led to an esmolality of that specific
replacer of about 440 mOsm per kg.
AL 1.5 pounds per gallon (15 percent
solids), the osmolality was about 530,
and at L8 pounds per gallon, the
osmolality rose ta 660, For Farm B,
feeding 1.8 pounds per gallon of the
28-25 replacer resulted in 18 percent

“The latest dairy genomic
technology provides a

osmolality of whole cows' milk is less |

£ | D

f
/ L.
- ) L

{{ Really, anything that is added to the calf
liquid feed could result in higher sodium or
higher osmolality. Because the calf's blood

.wants to maintain a specific osmolality,

having high osmolality in calf milk replacer
or milk could cause diarrhea ... }?

total solids and an osmolality of 466.
The Farm C solution of milk and
replacer had an osmolality of 701,

Although there is somewhat of
a relationship between total solids
and asmolality, it really depends on
what is in the solution. For example,
mn ('(!l(‘h‘lrllln hiiﬂ'll']]l.'s we i'lﬂ\'l'
evaluated, we could see 26 percent
total solids but an osmolality of only
440 mOsm per kg. Different milk
acers, when mixed at the same
coycentrations, may vield different
gafimolalities.

Osmolality and its consequences
Sodium is a major driver of

osmolality in fluids. In an outbreak

investigation of sick and dying calves

due to salt puisoning, researchers

at the University of Wisconsin

discovered that the use of high-

salinity water, adding electrolyte

powder to the liquid feed and adding

additional milk replacer powder

tor winter teeding contributed

Lo the outbreak. Really, anvthing

that is added to the calf liquid feed
could result in higher sodium or
higher osmolality. Because the calf's
blood wants to maintain a specific
osmolality, having high osmolality
in call milk replacer or milk could
cause diarrhea because (luids want
to follow the high concentration of
solutes in the milk replacer. In this

ease, that means they come out of the

call’s blood and go into the intestine.

Another potential consequence
of high-esmolality fluids fed to calves
(greater than 600 mOsm per kgl is a
delayed abomasal emptying rate. A
delay in abomasal emptying could
increase a call’s risk for bloat or
abomasitis.

Conclusions

It is vitally important to feed
additional nutrients to calves in
winter Lo cover their extra body
maintenance requirements. However,
increasing the amount of milk
replacer powder needs to be done
carefully to avoid the consequences of

Professor and Director
of Veterinary Medicine
Extension

Washington State
University

damoore@vetmed.wsu.edu

www.progressivedairy.com

ingesting high-osmaolality liquid feeds.
such as diarrhea, bloat or abomasitis.
Different milk replacers may result
in different osmolalities, and adding
a milk replacer booster to milk

could potentially increase the salt
concentration and osmolality. Check
the consistency of the liquid lfeeding
program and evaluate the total solids
and osmolality of those winter call
feeds to make sure the calves get the
feed that is “just right.” PD

Dale Moore isa professor and
director uf Veterinary Medicine
Extension at Washington State
Uiiversity. Helen Floren is a 2nd-year
veterinary student at Washington
State Lhriversity. \William Sischo is

a niember of the research faculty

in Veterinary Clincal Scivnces at
Washington State University.

References omitted due to space
but are avadable upon request.

EI'HE POWER

OF THE LATEST
l" RY:GENOMIC
“TECHNOLOGY
in THE PALM OF

tremendous amount of useful
information on a single
animal, a producer’s entire
herd, or even animal and

herd comparisons against
database averages for a given YO U R H AN DS
breed. The challenge is then
managing that information to
make better decisions on the
farm. |genity Dashboard was
developed to make it easier to
make those better decisions,

and positively impact future Introducing the Igenity’ Dashboard, an interactive tool for interpreting genomic

test results and guiding management decisions. Available on the phone, tablet
or computer of every dairy farmer—purebred and commercial, alike,

performance and profits,”

Dr. Stewart Bauck

General Manager
Neogen's GeneSeek Operations

» See all genomic results far herd
or individual animals

» Track progress of your herd’s genetic
development

* Compare within vour herd,
or to dairy heifers across the country

* Receive alerls as soon as your results
download

CONFIDENT SELECTION

www.igenitydashboard.com

800-621-8829 » 859-254-1221
inform@neogen.com e WwWw.neagen.com

CORFORATION
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Freezing point of milk: a natural way to understand colligative

properties

Mercedes Novo, Belén Reija, and Wajih Al-Soufi
Lab Documentation
Instructor notes

Types of milk

There are two main methods of treatment of raw milk in order to make it suitable for the
market, pasteurization and sterilization. While the pasteurization conditions (63-65"C for at least
30 min or 72-75°C for at least 15 s) effectively eliminate potential pathogenic microorganisms,
it is not sufficient to inactivate thermoresistant spores in milk. The term sterilization refers to the
complete elimination of all microorganisms, but the food industry uses the more realistic term
"commercial sterilization": a product is not free of all microorganisms, but those that survive the
sterilization process are unlikely to grow during storage and o cause product spoilage. Milk can
be made commercially sterile by subjecting it to temperatures in excess of 100°C for a very short
time, and packaging it in air-tight containers. The basis of the UTIT (Ultra Heat Treated) process
is the sterilization of food before packaging, then filling into pre-sterilized containers in a sterile
atmosphere. The use of temperatures exceeding 135°C for 2-5s enables a continuous tlow
sterilization process of milk,

The whole milk used in this experiment was pasteurized milk, but UHT whole milk can be
used with analogous results. However. it must be taken into account that lactic fermentation of
this kind of milk can take much longer than that of pasteurized milk due to the lack of
microorganisms. Therefore, the effect of lermentation can be better observed with pasteurized

milk. In the case of skim milk, only UHT milk can be found in the Spanish market.
Freezing point of milk

The freezing point is a quile constant property of milk which is usually used to check
adulteration by addition of water. Depending on the region of origin the freezing point of cow
milk can vary slightly. Also it must be taken into account that the value of the (reezing point of
milk is aflected by a number of factors, such as measuring conditions (/), handling and
processing treatment (2). and salt content (3). Nevertheless, the influence of these factors is

negligible within the scope of this experiment.
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The contribution of the milk constituents to the freezing point was analyzed i the literature
(3). It was concluded that lactose. chloride. citrate and lactic acid account for between 79% and
86% of the total freezing point depression. The rest is due to the other components present in
milk in smaller amounts, such as phosphates, sodium. potassium, cte. Therefore, the (reezing
point of a milk sample will mainly depend on its salt content.

We did not find a value for the legal standard of the freezing point of milk valid for the
European Union, but only a reference method for measuring it (ISO 5764: Milk determination ol
freezing point-thermistor eryoscope method). Spanish law advises to use local standards when
available. Therefore we have used the legal standard for cow milk coming from our region
(Galicia, Spain). In order to perform this laboratory experiment with milk of a different origin.
the corresponding legal standard must be obtained.

The freezing point of milk is not affected by the treatment used to climimate pathogenic
microorganisms (pasteurization or UHT process), as shown in the literature (/). Morcover,
whole milk and skim milk have the same freezing point since the fat particles do not contribute
to freezing point depression, but only those components which are really dissolved. This has
been shown in an extensive study with milk samples of different fat contents and very precise

[reezing point measurements (/).

Effective molar mass of milk

As derived in the next section, Lab Documentation lor students, the molar mass determined
from freezing point depression values ol mixtures is a number-average molar mass where the
total weight of solutes is divided by the number of moles ol osmotically active particles. Milk
contains fat particles and colloidal proteins in suspension which do not contribute to the freezing
point depression (so that they counted in the number of moles) but are part of the total weight of
powdered milk. Therefore, the mean molar mass obtained tor milk is called cffective (or
apparent) molar mass. Since whole milk contains o much higher amount of fat particles in
suspension than skim milk, its effective molar mass 1s significantly larger, For different samples
of skim milk the effective molar mass can vary slightly depending on the presence of fat rests or
other colloidal particles. The eflective molar mass of milk serum would coincide with the
number-average molar mass of the dissolved particles.

With the samples of powdered milk used in this work we obtained an elfective molar mass of
whole milk about 21% larger than that of skim milk (Table 2 in Lab Summary). The presence of
fat in powdered whole milk is about 26% in weight whercas powdered skim milk contains about
1%. This means that in one gram of powdered milk. 0.26 g are not contributing to freezing point
depression in the case of whole milk instead of 0.01 g in the case of skim milk. Therefore a
difference of about 25% would be expected between the effective molar masses of the two types  »~

of milk due to fat content, slightly higher than that we obtained. This can be due to differences

S
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in the contents of colloidal particles in the two types of milk, which also do not contribute to
freezing point depression. Skim milk 1s usually obtained by centrifugation so that colloidal
particles may be removed together with fat.

Knowledge on molar masses of food systems is useful for the theorctical study of the
physical properties of foods and to understand how the behavior of foods deviates from the ideal
solution laws. The use of freezing point depression to determine the effective molar mass of
some liquid foods has been reported in the literature (4). An effective molecular weight ol 333-
356 g mol” was obtained for freeze-dried skim milk, which is in good agreement with our value
taking into account the possible different compositions of the two milk samples. No values were

tound in the literature for whole milk.

Possible extensions of the experiment

This experiment has been conceived lor students ol Food Technology attending a general
Physical Chemistry course. Nevertheless. it should also be suitable for students of the same level
of Chemistry. Biology and Medical Sciences. The first part of the experiment shows the
analytical use of freezing point depression to control the quality of milk regarding adulteration
by addition of water and by lactic fermentation. Since no quantitative data analysis 1s needed in
this part, it could be also suitable for General Chemistry courses. The second part illustrates the
physicochemical use of [reezing point depression Lo determine the molecular mass of a solute, In
the case of milk an effective molar mass is obtained which is defined by the composition of the
sample, constituting a didactic example to discuss the colligative nature of [reezing point
depression. The fact that fat and colloidal particles do not contribute to (reezing point depression
can be also explained on the basis of the different effective molar masses of whole and skim
milk. It would be interesting that some students perform the experiment with whole milk and
other with skim milk. and that they discuss their results afterwards.

Depending on students” interests and degree. and laboratory resources. the experiment could
be changed or extended as follows:

e Part 1 of the experiment can be nicely used o practise error analysis, since replicate
measurements can be made very quickly, allowing calculation ol average, standard deviation
and 95% confidence limits. In this way the variations of the [reezing point observed for the
different milk samples could be discussed on the basis of the calculated confidence intervals,
and the precision and sensitivity of the method to detect adulteration can be determined.

* [n order to compare the behavior of mixtures with that of single solutes. the determination of
molar mass could be applied first to solutions of a single component (lactose. for example).
This would help the students to understand the method of molar mass determination without

the difficulties added by the use of a mixture. >

e
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= For students of Food Sciences. other liguid foods could be used instead of milk. such as
coffee. grape juice or tomato juice. Effective molar masses of these products are reported
the literature (4).

e For students dealing with biological or medical sciences, it would be interesting to analyze
different body fluids such as blood serum or urine. It would be seen that blood serum has the
same freczing point as milk serum, since they are in osmotic equilibrium, whereas urine
varies widely in concentration and therelore presents a variable {reezing point. These results
can be explained on a physiological basis. so that the causes for abnormal serum values could

be discussed.
I.ab Documentation for students

Colligative properties

Colligative propertics are a group of propertics of’ solutions which only depend on the
number of solute particles present and not on their identity. The four colligative propertics are
the freezing point depression, the boiling point elevation, the vapor pressure lowering, and the
osmotic pressure, considering in all cases the property of the solution compared to the pure
solvent. The colligative properties stem from the reduction of the chemical potential of the
liquid solvent as a result of the presence of solute. so that they are directly related. For example,
two iso-osmolic or isotonic solutions have the same freezing point.

[n this work we deal with the freezing point depression A7y that is the decrease ol the
[reczing point of a solution (7)) with respect o that of the pure solvent (77%). The relation
between the freezing point depression and the concentration of solute in diluted solutions is

given by the following equation:

AT, =T, =T, ==K, m, ()

where K, is the cryoscopic constant of the solvent and my is the molality of solute, i.c. number of

moles of solute per kilogram of solvent. This equation indicates that there is a lincar relation
between the freezing point depression and the concentration of solute, so that addition of solvent
to the solution causes a decercase of solute concentration and therefore a smaller freezing point
depression,

In the case that more than one solute are present in the solution, the freezing point depression

is proportional to the total concentration of particles in solution:

AT, =T -T, ==K, Z m, (2)

where i, is the molality of each dissolved particle. Note that a solute which dissociates gives
place to two or more particles in solution, cach of them contributing to the total freezing point

depression. The size of the particle is unimportant so that a single ion (e.g. sodium) contributes

4
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as much to freezing point depression as a single large protein molecule (c.g. albumin).
Moreover, particles which are not really dissolved but arc in suspension do not contribute to the
freezing point depression or to any other colligative property.

Thus the value of any colligative property is directly related to the total concentration of
particles in the solution, usually called “osmotically active particles”. This leads to define a new
quantity, called osmolality (Osm), that accounts for this concentration. The osmole is the
number of moles of a chemical compound that contribute to a solution’s osmotic pressure and
the osmolality is a measure of the osmoles of solute per kilogram of solvent. In terms of freezing
point. the osmolality can be defined as the solute molal concentration that causes a freezing
point depression of K. In aqucous solutions, K;= 1.86 K kg mol™, so that a solution | Osm
causes a freezing point depression of 1.86 K (or 1.86°C) and has a freezing point of -1.86°C,
since 7= 0 for water. For example, human serum is about 290 mOsm. value which corresponds
to a freezing point of -0.539°C.

Osmolality is very uselul when dealing with mixtures of solutes, as physiological fluids and
other solutions ol natural origin. The osmolality of these mixtures tends o be dominated by
small molecules which are present in high concentrations. For example in serum, sodium,
potassium. chloride. bicarbonate. urea and glucose are the only components present in high
enough concentrations to individually affect the osmolality. Together these make up over 95%
of total osmolality of serum. Large serum components contribute little to the overall osmolality.
TFor example the molar concentration of albumin, the most abundant serum protein, is only about

0.6 mmeol/L.

Measurement of freezing point depression

The conventional experimental method for the measurement of freezing points 1s quite
tedious since it involves the use of a well-controlled cooling bath to achieve solid-liquid
cquilibrium of the sample. and very accurate temperature measurements (3,6). In laboratory
courses, the preferred ice-water cooling baths requires the use of organic solvents whose
freezing points are some degrees higher than that of water, and usually aromatic compounds as
unidentified solutes.

In this experiment we propose the use of a Fiske Osmometer for the measurement of freczing
point. This instrument allows an easy and tast measurement of freezing point depression of
aqueous solutions. It is extensively used in clinics for determination of body fluids osmolality,
thus providing clinical information not available by any other means. A great advantage of Fiske
Osmometers is their speed. since a typical measurement takes only about 90 seconds. Morcover,
usually very small amounts of sample are needed, in the range from -3 milliliter to a few

microliter (15-20 pul). ¥



In a Fiske Osmometer. the sample is cooled several degrees below its freezing point
(Figure 1). The supercooled sample is then violently agitated so that rapid crystallization takes
place. During the freezing process the released heat of fusion causes the temperature to rise up

just to the solution’s freezing point, that is, the solid-liquid equilibrium temperature.

2
=
©
4}
Q.
=
o
sample
freezing plateau  readout
point
heat of
fusion
freeze

time

Figure 1. Typical test cycle in a Fiske Osmometer.

To get correct measurements with a Fiske Osmometer, the samples must be well
homogenized. Much care must be raken to avoid formation of bubbles. since they cause false

readings.
Molecular mass determination

A typical application of colligative properties is the determination of the solute molecular
mass. The four colligative properties can be used for small-to-medium sized molecules. whereas
only osmotic pressure is sensitive enough for large solute molecules of high molecular mass.

In the case of a single solute which does not dissociate, the following relation between the

freezing point depression and the solute molecular mass (Mpg) can be derived from equation |:
AT, =————=2 (3)

where wy is the weight of solute and wy is the weight of solvent. Using this relation, the
molccular mass of the solute is obtained from the slope of the plot of the freezing point
depression against the ratio of weights of solute and solvent. If the freezing point depression is
expressed in osmolality, then the slope of the line is the inverse of the molecular mass of the
solute.

Equation 3 is only valid for diluted solutions and must be relined with higher order terms for

concentrated solutions (6). Theretore, a more accurate determination of the molecular mass can

6

A 7]

-
=



L9/ 6

be achieved by extrapolation to zero solute concentration in the plot of the solute molar mass

values calculated for each solution versus the corresponding weight ratios solute-solvent. My is

obtained from the experimental data using the relation given by equation 3 reordered as follows:
K, w

M,=—_—%

—AT: W,

(4)

When the solution contains a mixture of solutes, the same procedure can be used but the
resulting molar mass is a mean molar mass that we call A, . The relation between M, and
the molecular masses of the particles present in the solution (M;) can be derived from
equation 2 as follows:

K

-~ n (3)

4]

AT, =-

where n; 18 the number of moles of solute i, Comparing equation § with cquation 3, an

expression for M, is obtained:

_ W vzrn‘.M‘ _
M= o > 2

where wy the total weight of solutes. This expression corresponds to a number-average molar

mass (as that defined for polymers), where the total weight of solute is divided by the total
number of moles of particles, so that a mean molecular mass of the particles present in the

solution is obtamed.
Effective molar mass

In this experiment we determine the value ol M, for milk, using the weight of powdered
milk as total weight ol solutes (wy). Milk contains solutes which do not dissolved in water but
remain as particles in suspension. These molecules contribute o the total weight of powdered
milk but not to the number of dissolved particles, which constitute the denominator in
equation 6. Therefore, the mean molar mass obtained for milk is an effective molar mass. When
comparing whole milk with skim milk, the number of osmotically active particles is the same
but the amount of fat and other colloidal particles differs. Therefore, the effective molar mass of
whole milk is larger than that of skim milk. In both cases the effective molar mass obtained is
not the number-average molar mass of the dissolved particles. although it is close to it for skim
milk. For practical purposes the inverse of the effective molar mass gives the number of
osmotically active particles present in | kg of powdered milk.

The concept of effective molar mass is uselul in Food Technology since it allows one to

estimate the molar mass ol a complex mixture such as food. This molar mass is closer to the -

>
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number-average molar mass of the solutes the less colloidal particles are present. The
knowledge of a molar mass facilitates the theoretical study of the physical properties of foods.
Experimental Procedure

Part I: Quality test of milk.

» DPrepare the different samples in test tubes: fresh whole milk, whole milk adulterated with 5%
water, whole milk adulterated with 10% water, fermented whole milk and skim milk. Use a
10 ml graduated pipette to prepare the samples with added water. Make sure that the samples
are well homogenized.

o Measure the osmolality of the samples. doing at least 3 repeats for each sample with different
aliquots. Write down your results in the first three columns of the following table:

Sample i Osmolality / mOsm ' Mean 7, °C
Reading | | Reading 2 | Reading 3 | Mean |
Whole milk |
Whole milk + 5% water |
‘Whole milk + 10% water | N I
Fermented whole milk
Skim milk

e (alculate the mean osmolality and the mean freezing point of each sample. Write down the
values in the [ourth and fifth columns of the table, respectively.

e Compare the freezing point of whole millk with the legal standard.

e Compare the values obtained for the freezing points of whole milk and skim milk and
explain them.

+ Compare the freezing points ol the two adulterated samples with that of whole milk. Explain
the differences on the basis of the amount of water added in each case.

e Compare the values obtained for the freezing points of fermented and fresh whole milk and
explain the differences observed.

Part II: Determination of the effective molar mass of milk.

* Prepare 5 samples of different concentrations of milk by dissolving different amounts of
powdered milk (in the range between 0.010 and 0.100 g) in the same amount of water (1 ml
or | g). Write down the weights of powdered milk and water and the ratio between them in
the first three columns of a table like that shown below. The precision of the balance should

be at least 1 mg. The amount of water can be measured with a pipette or weighted using the

*-...E_)
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balance. The samples must be shaken for several minutes to facilitate solubilization and

homogenization.

| Sample | wp /g | wy'g wg/wy Osmolality / mOsm

Reading | Reading 2 Reading 3

(B¥]

-5 R OE

hn

Measure the osmolality of the samples, domg at least 3 repeals for each sample with different
aliquots. Write down your results in the corresponding colummns of the table.

Plot the osmolality values against the ratio of weights solute/solvent for each sample and
draw a straight line going through the data.

Make a linear regression of the data to get the slope, which is the inverse of the effective
molar mass as given by equation 3 (note the osmolality is -47, /Ky). Calculate the effective
molar mass ol milk with its error.

Using equation 4, calculate the values of molar mass for cach osmolality value and plot them
against the ratio of weights solute’solvent. The lincar regression of this data gives the
intercept, which is the extrapolation to zero concentration of the effective molar mass of
milk.

Compare the values of effective molar mass of milk obtained by the two methods.

Exercises and questions

As a complement to the experiment, the following questions and exercises are proposed to

the students;

‘I‘d

Using the results obtained in Part T for whole milk, calculate the maximal amount of water
that can be added to 100 ml of whole milk keeping the freezing point within the legal range.
Calculate the amount of powdered skim milk that must be dissolved in 100 ml of water to
obtain a milk with the mean freezing point of the legal standard. Compare 1t with the amount
given in the recipe: | tablespoonful ( = 10 g) in 100 ml waler.

Compare the effective molar mass obtained for whole milk with that of skim milk and
explain the difference on the basis of their compositions.

Why is the effective molar mass of skim milk higher than the molecular mass of the heaviest

component (lactose, M=342 g/mol)?
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Freezing Point of Milk: A Natural Way w
To Understand Colligative Properties

Mercedes Novo,* Belén Reija, and Waijih Al-Soufi

Departamento de Quimica Fisico, Facultade de Ciencias, Universidade de Santiago de Compostela, E-27002 Lugo,

Spain; * mnovo@lugo.vsc.es

[ aboratory excreises using nacural syscems catrch students’
interest and can integrate important physicochemical con-
cepts. For example, fluid compartments in humans and most
animals are so-osmortic. The freezing poine of blood serum
is very nearly the same as that of the cerebro—spinal fluid de-
spite their very differenc compositions. Therefore. these natu-
ral fluids are good examples of colligacive properties.

We describe a laboratory exercise dealing wich freezing
point depression ot milk chac illustrates application of this
colligative property from the analyucal and the physicochemi-
cal points of view. Since milk is a mixcure of soluces in aque-
ous solution, this experiment helps the students to understand
that the contribution of each solute depends only on its con-
ceneration and not on its sizc or mass. Morcover. milk con-
tains snspended far particles and colloidal proteins that do
not contribute o freezing point depression (7). By compar-
ing whole milk and skim milk the studencs can bercer un-
derstand the differences between dissolved and suspended
particles,

The first part of the exercise illustrates a qualivy wst of
milk based on t‘-ruczing point measurements, which is an ap-
proved, worldwide method to cest for adulceracion by water
addition. The second part of che experiment detcermines the
cifective molar mass of milk, a typical chemical application
of the freezing point depression technique.

Measurement of Freezing Point Depression

The conventional method for measuring freezing points
is tedious (2, 3). We use instead a Fiske osmometer (Fiske
Assoctartes), a widespread, reasonably priced inscrument thac
allows an easy and tast measurement of freezing poinr de-
pression of aqueous solutions. A typical measuremenc takes
abour 90 seconds, and nsually small quanriries of sample are
needed. Fiske osmometers give values of osmolality (Osm),
a measure of the coral concenrrarion of osmarically-acrive

Table 1. Values of Osmolality of the Different Milk
Samples and the Corresponding Freezing Point Values

Osmolality/[mmol /kg) I
Sample =
Reading 1 Reading 2 Reading 3 ¢

Whole milk 278 275 277 -0.515
Whels ilk 262 261 263 0.487
+ 5% water

Whole milk

+ 10% woter 251 247 249 -0.443
Fermented

Vikisla aille 345 343 343 -0.639
Skim milk 286 284 287 0.531

www.JCE.DivCHED.org =

Vol. 84 No. 10 October 2007 e

particles in a solution equal to the sum of che molalices of
all dissolved particles. In an aqueous solution I Osm causes a
freczing pone depression of 1.86 "C, so that osmolalicy val-
ues can be direedy converted into freezing poine values using

L =T - (! 86 %)(\ mol kgvl) (1)
mol kg

where 7} is the freezing poinc of the solution, 73" is the freez-
ing point of the pure solvent (in our case water, so 7,"= 0),
and x is the measured osmolality.

Experimental Procedure
Part I: Quality Test of Milk

The following samples are prepared and analyzed: (i)
whole milk: (i1) whole milk adulterated with the addirion of
3% in volume of water: (it1) whole milk adulteraced with the
addition of 10% in volume of water; (iv) fermented whole
milk, obuained by leaving (resh pasteurized milk for at least
wo l.'ld)’!- 4t TOOm emperature o undcrgu lactic fermenta-
tion; and (v) skim milk. The osmolalicy values of cach sample
arc measured with a Fiske osmometer, repeating typically
three readings wich differenc aliquors.

Part ll: Determination of the Effective Molar Mass
of Milk

Powdered milk 15 used as substance of unknown molecu-
lar weight. Both whole or skim powdered milk can be used,
although the lacter is easier ta dissolve. Solutions are prepared
by dissolving ditterent quanticies of powdered milk in a cer-
rain volume of warer. Typical quancities are berween 0.010
and 0.100 gram powdered milk per milliliter (gram) warer.
The solurions are homogenized by shaking or stirring for sev-
eral minutes. Then, osmolality measuremencs are performed,
repeating at least three readings wich ditferent aliquots.

Hazards

There are no signiﬁum hazards involved in this experi-
ment. Nevercheless, the students should be advised nor o
drink from the milk s.lmpl:::. owing Lo the risk of contami-
nation.

Results and Discussion
Part I: Quality Test of Milk

Student resules are shown in Tuble 1. For cach sample,
the values of osmolalicy obeained in che dhree repeags are in-”
good agreement. with a standard deviation of less than 1%.
From these values, che freezing points of che samples are cal-
culated.
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Figure 1. Osmoldlity values of solutions of different quantities of
powdered milk in water. Note thot the osmalality values are di-
rectly proportional to AT; [eq 2).

The value obrained for che freezing poinr (73) of whole
milk is pertecly in agrecment wich the legal standard given
for cow milk from our region (Galicia, Spain): 7, =-0.526 =
0.017 °C (uncertainty indicated as 3 0). When comparing
with the {reezing point of skim milk, slighdly ditterent val-
ues are obtained but bath of them are within the legal range.
This resule may be surprising ac first, but one has to con-
sider that only the milk components in solution contribute
to the freezing point depression, so that far parccles do not
have any effect on ic (7, 4).

The data in Table 1 show che sensitivity of the freezing
point depression o adulteradon by addicion of water, cven
for small quantities as those used in the experiment. Addi-
ton of water causes a decrease of osmolality that is signifi-
cantly larger than che observed uncerecainty in chis quantity.
Moreaver, the decrease in osmolality with respect to untreaced
milk correlaces linearly with the quantity of water added, as
expected from the linear relation between freezing poini de-
pression and solute molal concentracion in diluted solurions

ATy =T = T;' = -Kpmp (2)
where A7 is the eryoscopic constant of the solvent (in the case of
water A, = 1.86 “C kg mol ') and s, is the molality ot the solu-
rion. Addirion of warer causes a decrease of solure concenera-
tion and leads to a less negative lreezing point ol the solution.

Finally, the etteer of lactic fermenration on the freezing
point of milk s dramatic (Table 1). An increase ol osmolal-
ity is abserved of about 15-25%, depending on the fermen-
tation stage ol the sample. This means that the treezing point
of milk decreases owing o lactic fermentation. This can be
cusily understood since cach molecule of lactose yields four
molecules of lacuc acid after fermentation, so thac the num-
ber of particles in solution increases significancdy wich this
process. This is a good example of the "colligative” nature of
freezing point depression.

Part ll: Determination of the Effective Molar Mass
of Milk

The plots of osmolality versus weight racio beeween pow-
dered milk and water for solutions ot whole and skim milk
are shown in Figure 1. Tincar variadions are observed for both
types of milk, as expected from the relation between freezing
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Table 2. Effective Molar Mass of Whole and Skim Milk
Obtained Using Different Methods

M,/lkg mol '}
Type of Milk From Slopes Exiropolation to Zero
in Figure 1 in Figure 2
Whole 0.492 = 0.001 0.478 « 0.004
Skim 0.384 = 0.002 0.376 = 0.006

Vol. 84 No. 10 Oclober 2007 =

Naore: Uncertainties determined from linear regression and given as
one slandord devialion.
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Figure 2. Plot of the effective molar mass colculated for the data in
Figure 1.

point depression and weighe racio berween solute and sol-
vent derived from oq 2,

where My is the molar mass of che solure, wy the weight of
solure, and #, the weight of solvent. Using this relacion, the
molar mass of the solute ts obrained from the slopes of the
lines tn Figure 1. The values for whole milk and skim milk
are given in Table 2.

It is well known that ¢q 3 is only valid for dilute solu-
tions and must be refined by including higher-order terms
tor concencrared solutions (3). Theretore, a more accurate de-
termination of the molar mass can be achieved by extrapola-
uon to zero solute concentration in the plot of the solute
muolar mass values caleulated for cach solution versus the cor-
responding weight ratios soluce—solvent. My, is obrained from
the experimental daw using the relation given by ¢q 3 reor-
durud as ['-ullows:

Ky up
J‘f = e——— —— ;.
8 ATy wy (3)

Figure 2 shows che plul‘s of the caleulared molar masses
versus the weight ratios powdered milk/water correspond-
g to cthe daca w Figure 1. Variagon wich solute concentra-
tion 15 small, bur « clear decreasing tendency of the olar
mass 1s shserved as dhie milk concencrarion 1s decreased. Lin-
ear extrapolations lead to the values of maolar masses given in
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Table 2, which represent the best estimates from the experi-
menral dara.

At chis point we have to think about cthe physical mecan-
ing of the molar mass obuwined for milk. For a solution con-
taining a mixeure of solutes, My is the number-average molar
mass of the solutes (ie., the wual weight of solutes divided
by the number of moles of parcicles in solution). Neverthe-
less, il particles are present that do not dissolve but remain
in suspension, as it is the case of milk, this average molar
rmuass is just an effective molar mass, since these pardicles haye
no effect on che freezing point depression bue contribute to
the total weight of powdered milk, Therefore, che effective
molar mass of a mixture depends very much on che presence
of suspended particles. This can be seen in che effective mo-
lar masses obrained above (Table 2). The effective molar mass
of whole milk is significandy larger (about 21%) than chat
of skim milk. The difference can be explained on the basis
of che fac contenc of the two tvpes of milk. which conerib-
ures to the toral mass of solute bur not to the number ot
particles in solution.
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Program to estimate Molecular Weight Determinaton Error as well as molecular weight from :

1

[START]

print

Input "Grams of sample? "; grams
'Print grams

Input "Grams of solvent? "; solvent
'Print solvent

Input "mOsm? "; mosm

'Print mosm

Input "Van Hoff Factor? (1 if unknown) "; wvanhoff
'Print wvanhoff .

unitconstant = 1Eé

MW = ((grams / solvent) * unitconstant * wvanhoff) / mosm
print

print

print "Point Molecular Weight" + using ("#####4. #4", MW)

'Error Analysis

x grams / solvent
mosm

unitconstant * vanhoff

™
monn

a

print

¥errorpercent = .05

print "The estimated error in the weight ratio in % is : " + using ("###.##", xerrorpercent
zerror = mosm / 100

print "The estimated error in mOsm is : " + using ("###4#.4", zerror)

xerror = xerrorpercent / 100

dysquared = (a / z)"2 * xerror”2 + ((a * x) / z"2) * zerror"2

print

print "Estimate of error in MW" + using ("######.4#", sqr(dysquared))

print

print " "
Input "Hit any key to continue. "; blank

GOTO [START]

END




L938

Grams of sample? .25

Grams of solvent? 1

mOsm? 739

Van Hoff Facteor? (1 if unknown) 1

Point Molecular Weight 338.29

The estimated error in the weight ratio in - is : 0.05
The estimated error in mOsm is' : 7.4
Estimate of error in MW 5.0

Hit any key to continue.
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Protein Side Chain Absorptions in the Infrared Finger Print Region

Excerpted from: Lauren DeFlores, Multi-mode Vibrational Spectroscopy of Peptides and
Proteins, Ch. 6 (PhD Thesis, Massachusetts Institute of Technology, 2008)

See also:

Andreas Barth and Christian Zscherp, “What vibrations tell us about proteins,” Quarterly
Reviews of Biophysics 35 (2002) 369-430

Andreas Barth, “The infrared absorption of amino acid side chains,” Progress in Biophysics &
Molecular Biology 74 (2000) 141-173
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Table 1. Extinction coefficients and peak frequencies of amino acids that absorb between 1200 cm™ and 1800
cmin H,0 and D,0. Frequencies are tabulated as a function of pH relative to the pK, value determined from
the isolated amino acid. For vibrations with no pH dependence appear in the central column.

Table 1a. Side Chain Absorptions in HO

Amino Acid cm” (H,0) < pK, low pH em” (H,0) | em™ (H,0) > pK, high pH Mode pK,
Arginine ARG R| 460 1652 2 - - - Vs CNaH:™ 11.6-12.6
320 1630 - - - v, CN3H:"
Aspartic Acid ASP D| - - 280| 1716 vC=0 4.0-438
= = - - 235 1577 v4COO
= = = 5 256 1402 v,COO
- - - 1375 - - 8,CH;
Asparagine ASN N| - - 320 1677 - - vC=0
- - 150 1617 | - - tNH,
Cysteine CYS C| - - 2551 - vSH 9.0-9.5
Glutamic Acid GLU E| - - 220 1712 - vC=0 44-406
- - - - 460 1558 v, OO
- - - - 316 1404 v,COO"
Glutamine GLN Q| - - 370| 1680 | - - vC=0
- - 230 1595 = aNH,
- - - 1410 - vCN
Histindine HIS H| 250 1631 - - vC=C (H,") 6.0-7.0
70 1575, 1594 - - - vC=C (H)
- - 5 - - 1439 5CH., vCN ()
Lysine LYS K| 80 1626 - - - B8..NHy™ 10.4-11.1
85 1526 - - - - oNH,'
Phenylalanine PHE F| - - 80 | 1494 - - +CC ring
- - - | 1460 | - - i5,CH;
Proline PRO P| - - - 1432 - - vCN
- - - 1450 - - 8CH,
Tryptophan TRP W| - - - 1622 - - vCC, vC=C
- - - 1509 = - vCN, 6CH, aNH
- 1496 - vCC, 3CH
- - - 1462 - - 8CH, vCC, vCN
- = - 1427 - - dNH, vCC, 6CH
Tyrosine TYR Y| 120 1617 - - - - vCC, vCH 98-104
85 1598 - - 160 1601 vCC
385 1515 - - - vCC, aCH
- - - - 700 14589 vCC, 5CH
= - - 580 1270 vCO, 5CC
200 1250 - - - - vCO, 6CC
Table 1b. Side Chain Absorptions in DO
Amino Acid cm’ (D,0) <pK, low pH cm’ (D,0) | em” (D,0) > pK, high pH Mode pK, (pH)
Arginine ARG R | 460 1605 - - - - va:CNLDs~ 11.6-12.6
500 1586 - - = v,CN,D.'
Aspartic Acid ASP D| - - 290 1713 - - vC=0 4.0-48
- - - - 820 1584 v,,CO0
- - - - - 1404 v.COO"
Asparagine ASN N = 570| 1648 - vC=0
Cysteine CYS C| - - - 1849 - B vSD 9.0-9.5
Glutamic Acid GLU E| - - 280 1706 | - - vC=0 44-45
= - - |830 1567 v, COO
- - - - - 1407 v, COO
Glutamine GLN Q] - - 550 1640 - - vC=0
- - - | 1183 | - , SND,
- - 1409 - vCN
Histindine HIS H| 35 1600 - - - - vC=C (D;") 6.0-7.0
70 1569, 1575 . . vC=C (D)
= : - 1439 5CD,, vCN ()
Lysine LYS K| - 1200 - - - 5,sNDy’ 10.4-11.1
- 1170 - - - - 5,ND,'
Tryptophan TRP W| - S - | e8| - = vCC, vC=C
- - 200 1455 - aCD, vCC, vCN
- - - 1382 - - aND, vCC, 6CD
Tyrosine TYR Y| 160 1615 - - - vCC, vCD 9.86-104
50 1580 - 350 1630 vCC ¥
500 1515 - - - - vCC, 4CD
- - - - 650 1499 vCC, 6CD
150 1255 - - - - vCO, 5CC
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Figure 1. (Top) Atomic structures of predominant side chains in the amide finger region. (Bottom) Stick plots of side chain absorption
from Table 1 in the amide finger print region as a function of solvent and pH. Major changes occur due to the protonation state of
ASP, GLU and HIS. Isotopic sensitivity of the vibrational absorption is seen in TRP, ARG, GLU and ASP.
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Essential
=o€ 5 Summary
aling Acics 6 References
> Essential . .
s Aelds; What is serine?
Top
Vegetarian Serine is a non-essential amino acid. It is formed from
Sources another amino acid called glycine. Serine is important
for both mental and physical health. It has a critical role
> Essential
in ensuring that the central nervous system and the
Amino Acids:
brain are functioning correctly.
Top Animal
Sources Additionally it has a role in forming phospholipids
required for cell production. This amino acid is also
> The 20

important in the function of DNA and RNA, muscle
Proteinogenic
formation, and metabolism of fats.

Amino Acids
Furthermore, serine is used to produce antibodies.
These chemicals are important in supporting a healthy
Benefits immune system.

> Anti Aging Hea [th beﬂeﬁts

> Anti

Inflammation

Cognition and mental health

> Erectile
Dysfunction The body's nerves are protected in a special layer called
a myelin sheath. Serine is crucial in forming and
> Cancer maintaining this sheath. Therefore without an adequg;e

supply of this amino acid, this protective layer can

> Circulation

becoime damaged. Privacy & Cookies Policy l

4ol I3 12/10/2018. 00:44
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amazon i its effici i
s Eholestero] _ This reduces its efficiency and it

disrupts the signaling between the

Reduction _
e nerve ending in the body and the
LS
> Diabetes s brain. This ‘short-circuits’ mental
function and can reduce cognitive
> Diabetes Douglas -
Laboratories®... ability.
Type 2 $40.20 i
| Sas oW Additionally serine affects the levels
s Hdl o of serotonin in the body. Serotonin is
and an important neurotransmitter that regulates mood.
A This chemical is produced from an amino acid called
Withamine tryptophan. Without serine, the body is unable to form
i tryptophan. Therefore this reduces the amount of
serotonin produced. Low levels of tryptophan and
> Immune
serotonin have been linked to insomnia, depression,
System

anxiety, panic attacks and confusion.

> Inflammation
Research has also suggested the serine may be

> Insomnia beneficial in the treatment of certain mental illnesses
such as schizophrenia, ' 2345, Parkinson's disease ©
> Menopause and depression 7. These areas continue to be the focus

of clinical trials, as well as other diseases including

> Muscle
anxiety and dementia.
Growth
> Osteoarthritis Fibromya Lgsa
> Rectal The syndrome fibromyalgia is a chronic disorder that
Diseases

affects many people. Patients suffer from diffuse

_ _ tenderness, widespread pain, cognitive disturbance and
> Skin and Hair

fatigue. The exact causes of fibromyalgia are unknown,

> Surgery however people suffer

T ve lower
Privacy & Cookies Policy r

Sof 13 12/10/2018. 00:44
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3/aC

Recovery levels of
serine in
> Virility and e
Fertility lood
> Weight Loss compared
with
¥ Welloeing healthy
people &, Click to buy serine supplements from
Scientists Amazon.com
AMINo need to
e conduct more research to establish the role this amino

acid may have in this disease. In turn this will determine
> Alanine whether it could help in managing the symptoms of

fibromyalgia.
> Arginine

Chronic fatigue syndrome

> Asparagine

> Aspartic acid Myalgic encephalomyelitis, commonly known as chronic
fatigue syndrome, is a disease which affects the nervous
> ‘ . .
BEAS system. This condition causes muscle pain and
_ inflammation within the spinal cord and brain. Other
> L-cysteine /
common symptoms of chronic fatigue syndrome include
N-Acetyl- L g
_ neurocognitive problems, nausea, weight and blood
Cysteine /
o pressure change, and insomnia. Similar to fibromyalgia,
the exact cause of this syndrome is unknown. Low levels
> Carnosine of |-serine have been recording in people with chronic
fatigue syndrome and this is cause for further
> Creatine investigation®.
> Carnitine

Muscle growth——

Privacy & Cookies Policy
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242 D
> Citrulline Serine improves the body's ability to absorb another
chemical called creatine. Creatine is popular among
> Cysteine body builders and other athletes that participate in
resistance training. Creatine helps to build muscle mass
> : R
Sl and supports healthy muscle function, making it also
(gamma-

important for cardiovascular function.
aminobutyric

acio) Symptoms of serine
> Glutamic deﬁCIGHCy

acid
> Glutamine amazon Symptoms of deficiency can include
delayed or reduced cognitive and
> Glutathione g physical skills, seizures, and
4, -Sarimg
< congenital microcephaly 19, These
> Glycine M
deficiencies stem from
Douglas
> Histidine Laboratories®... neurometabolic diseases and defects
$4020 A iR the biosynthesis of this important
> HMB Shop now amino acid. In most cases these

problems are identified at birth or in
> Isoleucine ,
young children.

> Leucine :
Most people have healthy levels of serine and are able

> Lysine to manufacture sufficient quantities. But during times of
iliness or other periods of physical stress the production

> Methionine of this amino acid may decline and supplementation
may become necessary. As it is not an essential amino

> Ornithine

acid there are no guidelines for recommended daily

> Phenylalanine Itke

70f 13 12/10/2018. 00:44
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> Proline

> Serine

> Theanine

> Threonine

> Tryptophan

> Tyrosine

> Valine

> Taurine

> Whey Protein

PopularRecent

stu
cor
the
L-C
car
rev
hai
los

September
30th, 2014

8of 13

o produce serine the body requires sufficient amoun

d tm\and ~Jo help boost
availa; iljity of this im Nt amino acgidsome

larly im fricfUde in your diet.

These include soy-based products, meat, peanuts, and
wheat gluten. Unfortunately some people develop

allergic reactions to several of these natural sources.

Serine supplements are available in tablet, capsule and
powder form. Although available as a stand-alone
supplement, this amino acid is more frequently part of

combination supplements and sports drinks.

Summary

amazon Serine is a non-essential amino acid.

manufactures it fro

ey important vitamins in the B complex.
L-Gering
w This'amino acid performs a wide
range of functions in the body and it
Douglas _ _ .
Laboratories®... is particularly vital for healthy
$40.20 #wime cognitive and immune system
Shop now function.

Deficiencies are not common, although low levels of this

amino acid could lead to health problems.

Maintaining a balanced diet and general good health
should help to support adequate serine levels. Dietary

2

supplements are also widely available.

Privacy & Cookies Policy '
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