


What To Do About Turbidity?

o Filter: often impractical because effective
filters require maintenance (e.q.
backflushing).

o Infiltrate: ideal solution (no runoff!) but
often soil properties or high groundwater
prevent it.

e Chemically Assisted Settling: effective, may
not require much change, inexpensive.
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Why is Chemical Treatment Needed
(or we need really large storage basins!)

Ideal Particle Settling at Four Water
Temperatures (C)
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First Step: Best Practices for Source Control

Areas not being worked will be stabilized

Water conveyances will be stabilized
(they can be main source of sediment) §
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2"d Step: Best Practices for Sediment Control

Check Dam

Excavated Sump
Check Dam

Stabilized Inflow Channel —/ Stabilized Auxiliary

Spillway

Shut-off Valve

a0 \// (optional)
W\

}«'y W ®
\/Slubilizedy

Outlet

Figure 1. Typical sediment basin diagram with key elements.
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Chemicals Available

e Coagulants: alum, gypsum, ferric
compounds
— Overcome clay surface charge
— Doses are in the pounds per 1,000 cu ft range
— Can create low pH, excessive aluminum

e Flocculants: polyacrylamide, chitosan, others
— Bind suspended solids together into flocs
— Doses in fractions of oz per 1,000 cu ft

DEPARTMENT OF CROP AND SOIL
NC STATE UNIVERSITY SCIENCES



Early Turbidity Control.
Experlmen

.....

e Gypsum found to work when ':};‘if,{
manually spread on basin Bies

e Senior design student built a 5
powder dispenser using 12V " S
motor

e Capacity issue: could only
treat about 1/3 of basin
volume

e Humidity issue: gypsum
turned to solid in summer...
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Available Flocculant Forms
Solid Block

Powder

Powder-Filled

Effervescent Tablets
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PAM Forms
%CHE—CH f CH,—CH
A,
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Anionic Polyacrylicamide (APAM)

Neutral Polyacrylamide (PAM)

%CHE:THi

NH

{CH;—CH%—PCHTCH%—
r m L 4 n _
O 0 cl

N—
NH, O—{'CHE-}; N

Cationic Polyacrylamide (CPAM)

Accutely toxic in unbound form
(clean water)

http://polymerdatabase.com/polymer%_20classes/Polyacrylamide®%20type.html
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Chitosan Polymer

Deproteinisation —»

e Derived from chitin, i
which is derived from SRR
crab/shrimp shells D >
primarily '

e Accutely toxic in unbound R

form (not in muddy
water)

Chitosan
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Jar Test: Ideal Flocculation Example

Should test you soil or muddy water with flocculants before selecting one.
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Passive Dosing
Add 2 cup
flocculant to

ditches/diversion
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Distribution of 2 cup flocculant to wattles
and:bleiieter
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treatment to
ditches/diversions
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Testing Flocculation Methods

Water source
(900 m3)

Soil addition

Flocculant

Jute

matting

Wattle

PAM on the weir of wattle PAM on jute matting
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Results: Turbidity Reduction Regardless of
Introduction Method

ONo jute + No PAM

m No jute + GPAM on wattle
OJute + No PAM

m Jute + GPAM on wattle
OJute + GPAM on jute

Turbidity (NTU)

I C I

Storm event
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Passive Dosing Tests: PAM on Check Dams

e All done at NCSU

Authors Number of Check Turbidity Reduction
Dams Relative to No PAM (%)

Kang et al. 3 (excelsior wattle, >75
rock, rock w/ blanket)

Kang et al. 3 excelsior >66 (>88 basin exit)

Kang et al. 3 excelsior, with or 58-67 (Particle size
without jute blanket increased 10X)

McLaughlin et Various (construction  Various 64-76 (storm weighted
al. site) average)
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Field Tests: Check dam + pipe + PAM
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Option: Add flocculant to slope drains (esp.
solid forms)
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Jption: 1T a storm drain system IS In
place, put flocculants in there (again,




Option: If a storm drain system is in place,
put flocculants in there
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Tiered Sediment Basin — if you have the




Tiered Sediment Basin — lots of slope!




What about PAM Toxicity?

e PAM is known to be relatively non-toxic as measured by
acute (24 hour) tests.

e Chronic tests (days or weeks) on fish also show low
toxicity.

e Chronic tests on smaller species are most sensitive, but
even these are not very sensitive to PAM.

e Recent testing on mussels also indicates low toxicity
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Toxicity

— Paracelsus

e "All things are poison and nothing is without
poison, only the dose permits something not to
be poisonous.”

e Water can be toxic in high doses, snake venom
can be medicinal in low doses.

e There is nothing inherently toxic about man-
made chemicals, or non-toxic about natural
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http://en.wikipedia.org/wiki/File:300704_beratzhausen-oberpfalz-paracelsus-denkmal_1-480x640.jpg

Aquatic toxicity screening:
Daphnia/Ceriodaphnia
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Mortality Effects (Acute Toxicity)

120% Survival of Ceriodaphnia Relative to Control

Aanlc

e Cationic toxic >1
mg/L 80% \—\ Turbidity

e Anionic not toxic A Catlonlc
up to 80 mg/L v \ \
o Turbidity toxic

——705 \.
>250 NTU Bl
—&— Turbidity
20%
0% ‘ ‘ ‘ \ 4
0.1 1 10 100 1000
Concentration (mg/L) or Turbidity (NTU)
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Polyacyrlamide Aquatic Toxicity

e Wide range of
values

e Generally below
treatment levels

e Physical effect of
VISCOSIty
e May floc out food

NC STATE UNIVERSITY

Authors

Beisenger et
al.

Beim and
Beim

Acharya et al.

Weston et al.

Product

DOW AP-30

Anionic Magnafloc
EC-10

LA-PAM

Soilloc 100D
polyacrylamide25

Daphnia
LC;,
(mg/L)
345

(emulsion)

- >100 for four
other aquatic
organisms

- 0il formulation




NCSU Tests: Acute Toxicity to Mussels

» LC50s for freshwater species
Mussels (24 h—96h LC50): 127 to >1000 mg/L

Low/Very High FLOPAM™
AN 913
VHM

Nonionic/ FLOPAM™
Moderate FA 920

Medium/ FLOPAM™
Moderate AN 923

Medium/High  FLOPAM™
AN 923 SH

Medium/Very ~ FLOPAM™
High AN
923VHM

Mixed APS705




What About Acrylamide?

e Drinking water grade PAM contains <0.05% free
acrylamide

e Acrylamide neurotoxicity: RfD 0.0002 mg/kg/day, or
0.014 mg/day for 70 kg person.

e Water treated at 1 mg/L has 0.0005 mg acrylamide.
e Need to drink 28 L/day...to reach the No Effect level.
e Fish LC;, values >100 mg/L

e PAM unlikely to release much acrylamide
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Acrylamide in the Environment

e Quickly degraded in soil (half life of 1-2 days)

e Degrades in water in 2-12 days (quicker if previously
exposed).

e Non-toxic at doses expected with PAM treatment (ppb).
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RELATIONAL TRENDS OF FRESHWATER HSHACTIVITY TO TURBIDITY VALUES AND TIME

Is
Yol REDUCED GROWTH
Turbldlty o RATES DFTECTED
ic? FISHABANDON
ToxiC?  Eam AN
| = |1 000 \ N\ DELAVED HATCHING RATES
YeS- = . AVOIDANCE BEHAVIOR

R“x A N LONG-TERM REDUCTION
o mmfnsm AN N FEEDING SUCCESS

REDUCED FEEDING RATES

- HSH "sth‘l Iﬂ'
SHEI'H SIGNS INCREASES

UFSTEEU COUGHING RATES

From University of Wisconsin

Extension Turbidity Fact Sheet MONTHS
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Turbidity Effect on Bass Feeding

NC STATE UNIVERSITY

Fig. 1. Comparison of the mean number of fathead minnows
eaten by Cootes Paradise (shaded bars) and Fice Lake (open
bars) juvenile largemouth bass during 1-h feeding trials across
of turbidity. Vertical bars represent =1 SE.
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Conclusions

e Toxicity: exposure x concentration = dose.

e Turbidity and suspended solids are toxic to
aquatic organisms.

e Flocculants are not toxic at doses needed to
treat turbidity (1-5 ppm).

e Treating runoff with flocculants probably
reduces its toxicity (by removing sediment).
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NC STATE
UNIVERSITY

Cast of Many to Get These Projects Donel.=::.
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e Contact:
— Rich McLaughlin, Professor and Extension Specialist
— Department of Crop and Soil Sciences
— North Carolina State University
— Raleigh, NC 27695-7620
— rich_mclaughlin@ncsu.edu
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