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Suspended Sediment Effects
Newcombe & McDonald, 1991

» Review of 120 Studies

Rank Description of effect 14

14 >80 to 100% mortality >40% Mortality

12 —X

13 >60 to 80% mortality
12 >40 to 60% mortality, severe habitat degradation “ 209 Mortality .

I >20 10 40% mortality ////
IO 0 to 20% monallty 8 Stress & histological changes

/

9 Reduction in growth rates Ei

8  Physiological stress and histological changes g | Poor Condion_y
7 Moderate habitat degradation ? // suspended Sediment
6 Poor condition of OI'BHI'liSm. 4ty Reduced Feeding Concentration

5  Impaired homing ~ 10mglL

4  Reduction in feeding rates , | Aarm, avoidance 1000 moL

3 Avoidance response, abandonment of cover =000 ma

2 Alarm reaction, avoidance reaction 0 : : : : : : :

I Increased coughing rate oo BB e 8T

Exposure Time (hours)




RELATIONAL TRENDS OF FRESH WATER FISH ACTIVITY TO TURBIDITY VALUES AND TIME

100,000

REDUCED GROWTH
RATES DETECTED

DELAYED HATCHING RATES

LONG-TERM REDUCTION
IN FEEDING SUCCESS

FISH START TC

~t—— [URBIDITY (NTs) ———m

10

HOURS DéAYS WEEKS MOMTHS

TIME —

.//[duluthstreams.org/understanding/param_turbidity.html

"Turbidty: A Water Quality Measure", Water Action Volunteers, Monitoring Factsheet Series, UW-Extension,
Itis agenerlc un- callbrated impact assessment model based on Newcombe, C. P.,, and J. O. T.
and fisheries: a synthesis for quantitative assessment of risk and impact. North American
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Polymer Basics

.



Anionic Polyacrylamide (PAM)

PAM is a polymer of
acrylamide (AMD)
monomers

Erosion PAMs are 12
to 24 Mg/ mole &
>150,000 chained
monomers/molecule

Erosion PAMs have
<0.05% unreacted
AMD

) g g
POLYACRYLAMIDE b
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USDA Has
Used PAM To:

*Reduce Agricultural
Erosion

e|Nncrease Sol
Infiltration

*Improve Crop Yield




Anionic Erosion and Water
clarification PAM based polymers
are FAR less toxic than
Fungicides, Insecticides,
Rodenticides, Cationic Polymers,
most Herbicides and even
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Mean Runoff Amounts per Irrigation

0.90

0.80
?? 0.70 B Sediment
§§ 0.60 | | Tot-P
E: 0.50 B Ortho-P
o £
'5 g 0.40 - CcCOD
2 -g 0.30
o » 0.20

0.10

0.00

Control PAM 10 ppm Std.
California & Idaho Research Also Show Reduced Pesticide in Runoff
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Uses of Polyacrylamide

Removal of suspended
solids from industrial
waste water before
discharging, reuse, or
disposal

COSMETICS
Clarify fruit juices
and sugar liquors

9}.

POTABLE WATER -Mining and Drilling applications-
W Adhesives and Paper

in contact with food
Erime -

Flocculent in the treatment of

municipal water supply
*Mineral Processing*

Paper and Pulp Production

*Soil conditioning agent*


http://www.pighealth.com/MEDIA/P/BOOKS/BKGIFS/pigtrough.gif
http://images.google.com/imgres?imgurl=http://www.brophies.com/images/juice.jpg&imgrefurl=http://www.brophies.com/product_info.php?products_id=70&osCsid=a12c752a4039842bb7d81db103d86527&h=401&w=400&sz=10&hl=en&start=9&um=1&tbnid=j9afc6dNMSKHyM:&tbnh=124&tbnw=124&prev=/images?q=Fruit+Juice&um=1&hl=en&rls=DMUS,DMUS:2006-47,DMUS:en&sa=N
http://bp1.blogger.com/_-j4lrU9x16E/RoyeLkol7iI/AAAAAAAAAa4/mnXfihLNDV0/s400/100_0883.JPG
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Toxicity and Performance
Testing

.



ASTM Procedure for Aquatic Toxicity Testing — WET Test

Uesignation: £ 1023 - B4 (Reapproved 2002)

Standard Guide for

Assessing the Hazard of a Material to Aquatic Organisms

and Their Uses'

Thiz seandard is dosued under the fxed devignzsion E 102
of cciginal adoption or, iz the case of revizion, &e va

%; the momber immadtanly following e desigration indicates the year
of lasz revision. A zumobar in parsorases imdicates the year of Lt

mapprovel. A saparscript apstoz ) mdizates 2z editesizl ckangs since the last revision or reapproval

1. Scope

1.1 This guzde describes a stepwize process for using information
covceming the bielogical, chemccal, physical, and lewicalogical
propertes of a material o idemnify adverse effeces lkaly to ooour o
aquatic orgamisms and their uses 25 a resalt of relzase of the mareral
o the emviromment. The material will nsually be a spacific chemecal,
althongh it might be a zroup of chemicals that have wery similar
bialogical, chemical, physical, and toxicological p properties and are
J:Jﬂlju} DTUI'.‘..'II:E[LL‘EE[L and discarded togather.

1.7 The hazard assessment process 5 complen and requires
decisions at 3 mumber of pomts. thus. the validty of a hazard
assessment depends on the soundness of those decisions. as well as
the accuracy of the infanmation nsed. Al dscisions sheuld be based
on Teasomahle worst-case amalysas so that an Appropriate assessment
can e cump]ebai far the laast cost that 13 consistent with sclentific
validity.

1.3 Thiz guide assumes that the reader is krowledzeable in aquatic
1mtcul.og; and related pertinent areas. A list of general references ic
provided

14 l'hteruc.e does not describe ar reference detailed procedures
for estimating or measunny envirommental concenfrations, of
procedures for defermining the maximim concectration of test
material that is acceptable in the food of pradators of aquatic life
However, this guide doss describe how such mformation should be
nzed when assessmg the hazard of 2 matenzl to agnatic oreamisms and
their nzes.

1.5 Becanse assessmant of hazard to aquatic orgamisms and their
nses is a relairvely new activity within aguatic toxicology, most of the
suidance provided herein is gualitative rather than

'This guids is mnder the jussdiction of ASTM Copmnsitios E47 on Biclogical
Effects and Ezvincemnenial Faie 2=d s the direct msponsibdity of
Subrommnities
E47.04 oo Envisonmantial Fate of Chenical Substances
Crurment editicn approvad Sopt. 28, 1584, Published Funs 1983
* Beldface rombess i= parsntteses rafr to the list of refurences at the snd of
s
stamdard.

quantitative. When pessible, confidence limirs should be caloulated
and fkan info account.

1.4 This guide provides guidance for assessing hazard but does nat
provide guidance on bow to take inte acooumet social considerations in
arder to judee the accepmbility of the hazard. Tndzments concerming
a.c-:imm:li.dr; are social as well as sciemtific, and are ourside the scope
of this

1.7 This mude is aranzed as follows:

=3
3

Referenced Documents
Deserptions of Tems Specic to This Standard
Summary of Gulge
Signincance and Use
Faur Bask Concapis
The Heration
The Two Elements
The Passlble Declslons
The Phased Approacn
Pnase —Use of Low-Cost [Existing) InformaTion
CollecTon of Avallabie Cata
Infial Estmates of Environmental Concentrations
Infial Eztimate of Towdcly w0 Aqualic Crgariems
Infial Eztmate of Bloaccumulation by Aquatic Organisms
Phasa | Hazard Assessment
Phase I—Use of Medium-Cest Information
Improves Eslimates of Environmental Concentrations
Acule Toxlehy to Aquatic Animals
Toadclty % A)
Expanian of Shor-Tem Testng
Bloaccumulation
Fhase || Hazard Assessment
Phase lll—LUse of High-Cost Informiation
Refinzd Estimatzs of Environmental Conceniragans.
Chronle Toxichy to Aquatic Animals
Use of Acute-Chronic Ratios
Tosicity % Aqualic Pants
Bloconceniration
EBloaccumulation from Food
Phasa Il Hazard Assessment
Appendlues
Appendlc X1 Production, Uss, Disposal, and Other Release
Agpendlx %2 Bloogical Consigeralions Appendix X3
Chamical Considerations Appendlx X4 Physical
Conslgeralions Appenaix X3 Toxlcological Considerations
Appendl: ¥5 Estimating Ensironmental Concentrations

Fe i b3

e b
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Copyngint ® ASTM International, 100 Bam Harbor Dinve, PO Bow C700. West Conshohocken, BA 19428-2058, Untted Stales.

ASTM procedurs at full chemical exposure.

and dees net follow the ASTM procedure.

Note: Floc Log testmz was conducted using worst case analysis. All tomicity tests were conducted using

* Clutezan tests were conducted usmg effluent after reaction and Sliration. This 15 not worst-case analysis




Toxicity Studies for Chitosan (poly-N-acetyl-D-glucosamine)

Test Species | Scientific AVvg Species LC50 Number of Average

Name LC50 Std Dev Studies Species Rating
Channel Ictalurus 64.5 ug/L 275 2 Very Highly
Catfish punctatus (0.0645 mg/L.) Toxic
Rainbow Oncorhynchus | 44.0 ug/L 6.00 2 Very Highly
Trout mykKiss (0.044 mg/L.) Toxic

Citation: S. Orme and S. Kegley, PAN Pestiside Database, Pestiside Action Network, North America (San Fransisco,
CA. 2006), http:www.pestisideinfo.org.
© 2000-2006 Pestiside Action Network, North America. All rights reserved.

Information found at: http://wwwv.pesticideinfo.org/Detail

Chemical.jsp?Rec

1d=PC34013

Studies:

Bullock, G., V. Blazer, S. Tsukuda, and S. Summerfelt. Toxicity of Acidified Chitosan for Cultured Rainbow Trout
(Oncorfhynchus mykiss). Aquaculture 185(3/4): 273-280. Publication year: 2000.

Waller, D.L., J.J. Rach, W.G. Cope, L.L. Marking, S.W. Fisher, and H. Dabrowska. Toxicity of Candidiate
Molluscicides to Zebra Mussels (Dreissena polymorpha) and Selected Nontarget Organisms. J. Gt. Lakes Res. 19(4):

695-702. Publication year: 1993.

Comparison of Common Polymers used for Stormwater Applications

Polymer LC50 VValues (img/L)

Polymer D. magna 48 hr. O. mykiss 96 hr. P. promelas 96 hr.
Al CI(OH)s > 5000 390 517
DADMAC 17.5 0.49 1.65
Mimosa Bark 258 No Data 1.3
Chitosan 13.7 1.1 6.4

Note that the Chitosan is considered a hazardous substance according to federal Resource Conservation and
Recovery Act (RCRA) standards (due to acidity, at a pH of about 4), while many synthetic polymers such

as DADMAC are not RCRA hazardous.

Citation: Protech General Contracting Services, Inc. Technical Report July 2004: Polymer Coagulants and Flocculants
For Stormwater Applications. (Napa, CA. 2004)
Information found at: www.protech-services-inc.com

Polymer LC50

Values (Img/L)

Polymer D. magna 48 hr. O. mykiss 96 hr. P. promelas 96 hr.
APS 706b Floc Log > 420 1 637 1 > 1680 1
APS 703d Floc Log 383 2 1900 3 No Data

APS 712 powder 1617 2 No Data > 6720 2

Information available at: http://wwwv.siltstop.com/msds_toxicity reports.html.

Citation: Third-party acute toxicity testing by certified testing laboratories following appropriate EPA protocol.

1)
2)
3)

BioTox Laboratory, LAW Engineering & Environmental Services Inc. Kennesaw, GA.
BioTox Laboratory, Mactec Engineering & Consulting Inc. Kennesaw, GA.
Maxxam Analytics Inc. Edmonton, Alberta, CANADA.




PERFORMANCE

» One PAM does not work on all soil and water
chemistries

» Performance testing before applying is necessary to
ensure results

» Can be done doing a simple “cup test”

» Using an incorrect PAM:
> You may not see results
o |t may not bind to your soil at all
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Hard Armoring

Hard armoring is a structural method for erosion control. Hard armoring
includes a variety of techniques including rock riprap (large stones placed
along the slope of a streambank or shoreline) and gabions (rock-filled wire
baskets placed along a streambank or shoreline). Hard armoring typically
involves grading the bank to a gentler slope. If done properly, these
techniques provide very good protection and will work in severe situations
where bioengineering will not. However, hard armoring techniques can be
relatively expensive, and may require professional assistance. These
techniques are often used in situations where less expensive, more
environmentally friendly and aesthetically pleasing alternatives would have
been successful.
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Soft Armoring

» Soft armoring is a natural protection method that is gentle on
the environment, imitate natural systems, can interact
naturally within the ecosystem, as well as save you a
significant amount of money. Soft armoring is often referred
to as live plants, logs, root wads, vegetative mats, and aslo

can be soft pliable open weave mats such as jute, coconut,
hemp, burlap, etc.
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Polymer Enhanced Soill
Stabilization

(Including Polymer Enhanced Soft Armoring
technique)

.
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PAM-Treated Furrow Irrigation

T Iniiliraiine
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PAM Anionic Chain bridging
Polymer Chain between charged
soil particles

lon bridges
between chains

Charged
Particulate
(soil)
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Open weave soft matting works
best
\




Soil Polymer
=
° =

Soil Specific Polymer
(must be tested before

application) 5
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Coconut or Jute =
Matting, Mulch or Straw
(provides attachment

surface)




Soil + Polymer

i &

Soil Specific Polymer
(must be tested before
application)

Coconut or Jute
Matting
(Provides attachment /
surface)

Polymer + Soil matrix
forms an
agglomeration

Soil + Polymer



Polymer-Soil Matrix
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agglomerations
attach to each other



Benefits of Vegetation in Erosion & Sediment Control

“The optimal erosion control practice is to maintain existing vegetation or when
lands are disturbed, establish new vegetation. As with check dams, vegetation

can serve two purposes, namely, capture sediment and minimize erosion.” (STATE
OF FLORIDA EROSION & SEDIMENT CONTROL - DESIGNER & REVIEWER MANUAL)

“The most efficient and economical method for controlling erosion and
minimizing sediment yields is to establish a vegetative cover. Two common
methods used in Florida are to place and establish sod on disturbed lands or
plant seed.” (STATE OF FLORIDA EROSION & SEDIMENT CONTROL - DESIGNER & REVIEWER MANUAL)




Soft i
armoring with matting
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Soft Armoring with Matting
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HWY 98 DOT Project

T Nenwest g
& J MEFToTida S
J““'k“‘;;;”L il Suwannee
\é‘[\: River
| St. Johns

Highway 98 e
Beach and
Sand
Stabilization

W Floriaany

A'N_‘ = _!)

E |
By )
-

1
|
B 4

PER S




Highway 98 Damage by
Hurricane Dennis

July 2005 (Carabelle to
Eastpoint)

Highway 98 Repair - Carabelle
to Eastpoint

¢
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Erosmn after initial repair requwed an mdustrlal

BMP that would work on beach sands
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Polymer Enhanced Soft Armor
Systems was chosen. After
grading, compost was placed
as an organic layer

Jute matting was placed over the
organic layer as a binding media
for attachment of the polymer,
sand and soil




09/29/2005-

Jute + Polymer > EE e T L s T
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Compost

v

Sand

Jute matting was placed over

the 14 miles of repair area as

a binding agent. 50 pounds/

acre polymer application rate
was used




Sod was placed over the
polymer enhanced BMP

Sod >
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Sand



One year after placement shows no erosion or
| need for further repair. This area received a
¥ tropical depression and a category 1 hurricane
: after initial installation
| 2o
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_ake Independence

Shoreline Stabilization
(Hard Armoring Application)

.












Polymer
Enhanced
Hydroseeding




Some Additional Applications
using PAM.....




Polymer Enhanced Rock
Checks/Wattles




Polymer Enhanced Rock
Checks/Wattles

. 70r burlap cover
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m@ly the correct soil specific polymer to the matting



Polymer Enhanced Rock
Checks/Wattles




Polymer Enhanced Rock
Checks/Wattles
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Sediment Retention Barriers (SR
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Sediment Retention

Fine Sediment Retention between Silt Fence
(Install at all low areas during Grading Stages)

Loosely Placed

Straw, Mulch, Wood Chips with Water Clarifing Polymer (50# / 100 lineal feet)

DOT Type C
Silt fence

DOT Type C
Silt fence

Flow
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Sediment Retention Barriers (SR
in a treatment train




—~~
a'd
s

~
W
| -
v
—
| -
(C
e
O
=
-
v
=
v
a'd
e

Sedimen

N

treatment tra

N a




Mud/sediment Removal




Mud/sediment Removal




Mud/sediment Removal




Mud/sediment Removal
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Mud/sediment Removal




Mud/sediment Removal




Applied Polymer Systems, Inc.

Cobb County

519 Industrial Drive
Woodstock, GA 30189
www.siltstop.com

Soil & Water
Conservation

District

Anna River Culvert
Replacement Project
2010

enior Associate



The Anna River culvert replacement project was carried out in the fall of 2010
to replace an old metal culvert on Perch Lake Road that was beginning to rust
away and potentially collapse and bury the Anna River. Due to Ana River
being a live active salmon stream this project was permitted through Michigan
Department of Environmental Quality and overseen by Algar Soil and Water
Commission.

This project outlines key points in correctly using Polymer Enhanced Best
Management Applications:

« Absence of toxicity to aquatic organisms (In this case spawning salmon)
» Polymers performance tested to ensure optimal results

» Polymer Enhanced BMP’s used in a treatment train to achieve optimal
results (not BMP’s alone or polymers alone)







An excavator was used to begin the removal of the old culvert.




A diversionary wall was built to isolate the stream and divert it to the other
side while the culvert was torn out.
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Completion of the coffer dam to isolate the stream and send it through the
diversionary ditch
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The diversionary ditch was composed of limestone laid over a plastic liner.
Polymer powder was applied to the limestone to prevent any sedimentation.










New bedding was installed in preparation of installation of a new concrete box
culvert. Polymer powder was applied to this bedding to protect against any
sedimentation.
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Polymer enhance soft armored rock checks in the ditch next to the new road to
capture sediment moving into the stream.




Polymer enhanced soft armoring was installed to stabilize the areas where
sediment could move into the stream.




Polymer powder, fertilizer and seed were mixed together to be used to start the

stabilization process on all the bare, disturbed soil along the edges of the road.
T~
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The polymer, seed and fertilizer mixture was loaded into a spreader.
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The mixture was spread on all areas of bare soil. The polymer not only stabilized
the soil but prevents the seed and fertilizer from washing into the stream.
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Rules of Polymer Use

1) Polymer must be non-toxic to aquatic organisms
having EPA certified toxicity reports (whole
product WET tests using ASTM guidelines)

2) Each site application must demonstrate 95% or
better NTU reduction test reports. Each polymer
can be unique for each application. One polymer

does not work on all solls.

3) Polymers must be used in combination with other
P’s in a “treatment train” to ensure optimum
results.




Polymer References
http://Kimberly.ars.usda.gov/pampage.shtml

www.stormwater.ucf.edu

www.siltstop.com
Go to:
(Polymer Enhanced BMP Application Guide)

.



http://kimberly.ars.usda.gov/pampage.shtml
http://www.stormwater.ucf.edu/
http://www.siltstop.com/

