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Environmental Aspects: Environmental and safety considerations of anionic PAMs have been thoroughly reviewed
(Barvenik, 1994; Bologna et al., 1999; Deskin, 1996). While comprehensive assessments of surrogate compounds
have yet to be made, impacts - other than direct effects of the specific chemistries - are thought to be similar to anionic
PAM within the context of erosion prevention and water contamination control. The most significant environmental
effect of these polymers is erosion reduction, protecting surface waters from sediment and other contaminants washed
from eroding fields. PAM greatly reduces nutrients, pesticides, biological oxygen demand (BOD), micro-organisms,
and weed seed loads of irrigation return flows (Agassi et al., 1995; Lentz et al., 1998, 2001; Sojka and Entry 2000;
Entry et al., 2003; Sojka et al. 2003). In Australia, sediment, nutrient, and pesticide reductions using PAM exceeded
those achieved by conservation farming methods (Waters et al., 1999a,b). There are issues related to PAM charge
type and purity. Used at prescribed rates, anionic PAMs are environmentally safe. Cationic and neutral PAMs have
toxicities warranting caution or preclusion from sensitive environmental uses. NRCS specifies anionic PAMs for
controlling erosion. PAMs are used worldwide for potable water treatment, sewage sludge dewatering, washing and
lye pealing of produce, clarification of fruit juice and sugar liquor, as animal feed thickeners, in cosmetics, for paper
manufacturing, for mining and drilling applications and other sensitive uses. Negative impacts have not been
documented for aquatic macrofauna, edaphic microorganisms, or crop species for properly applied anionic PAMs used
for erosion control Kay-Shoemake (1998a,b). Even at high concentrations, when PAMs are introduced into waters
containing sediments, humic acids etc., PAM effects on biota are greatly buffered via adsorption on suspended
impurities (Buchholz, 1992; Goodrich et al., 1991).

An important environmental and applicator safety consideration is the need to use PAMs that contain <0.05%
acrylamide monomer (AMD). AMD is a neurotoxin, but PAMs below these AMD contents are safe, when used as
directed at low concentrations. Mixed into soil, PAM bio-degrades at rates of at least 10% per year (Tolstikh, et al.
1992; Wallace et al. 1986; Azzam et al. 1983). Because PAM is highly susceptible to UV degradation, its breakdown
when applied at the soil surface for erosion control may be faster than the 10% per year rate. PAM does not revert to
AMD upon degradation (Mac Williams, 1978). Furthermore, AMD is easily metabolized by microorganisms in soil
and biologically active waters, with a half life in tens of hours (Lande et al, 1979; Shanker et al., 1990). Bologna et al.
(1999) showed that AMD is not absorbed by plant tissues, and apparently breaks down rapidly even when injected
into living plant tissue. While anionic PAMs are safe if used as directed, prolonged overexposure can inflame or
irritate skin and mucus membranes. Users should read label cautions and take reasonable care not to breathe PAM
dust and to avoid exposure to eyes and other mucus membranes. Practical user considerations are numerous. Labels,
websites and available extension information should be consulted before embarking upon use of PAM or other
polymers for erosion control or water pollution prevention.

Because of PAM’s high affinity for suspended sediments and soil, only 3-5% of PAM applied via furrow irrigation
leaves fields in runoff. Furthermore, the PAM has been shown to only migrate 100 to 500 m in waste ditches before
being adsorbed on sediments in the flow or onto ditch surfaces (Lentz and Sojka, 1996). Ferguson (1997) reported on
a watershed scale PAM test, where over 1,600 ha were irrigated using PAM-treated water for two weeks. On any
given day, about half of the 40 farms in the study contributed runoff to the drainage, which collected in Conway
Gulch, a Boise River tributary. About half of the water in the drain was field runoff. PAM was detected in drain
water samples only twice (< 0.8 kg ML™) during monitoring. PAM was deemed an effective sediment control, was
well liked by farmers, improved water quality and did not harm the drain.

Conclusions: Synthetic- and bio-polymers offer a safe, environmentally friendly, inexpensive and highly effective
new alternative for erosion control, runoff reduction and water quality protection for runoff and percolated water from
irrigated agriculture. Farmers find the use of polymers easy to integrate into their standard irrigated farming practices
without the degree of disruption or equipment cost typically associated with more traditional conservation practices
that rely primarily on maintenance of vegetative covers, or surface residue, which can be problematic in surface
irrigation. Continued work is needed to identify cost effective biopolymer surrogates for PAM which, currently is the
chief synthetic polymer used for erosion control.

3-134



Diffuse Pollution Conference Dublin 2003 3G: Agriculture

References:

Agassi, M., J. Letey, W.J. Farmer, and P. Clark. 1995. Soil erosion contribution to pesticide transport by furrow
irrigation. J. Environ. Qual. 24:892-895.

Azzam, R., O.A. El-Hady, A.A. Lofty, and M. Hegela. 1983. San-RAPG combination simulating fertile clayey soils,
parts I-IV. Int. Atomic Energy Agency. SM-267/15:321-349.

Barvenik, F.W. 1994, Polyacrylamide characteristics related to soil applications. Soil Sci. 158:235-243.

Bjomeberg, D.L. 1998. Temperature, concentration, and pumping effects on PAM viscosity. Trans. ASAE. 41:1651-
1655.

Bologna, L.S., F.F. Andrawes, F.W. Barvenik, R.D. Lentz, and R.E. Sojka. 1999. Analysis of residual acrylamide in
field crops. Journal of Chromatographic Science. 37:240-244.

Brown, M. J., C. W. Robbins, and L. L. Freeborn. 1998. Combining cottage cheese whey and straw reduces erosion
while increasing infiltration in furrow irrigation. J. Soil and Water Conserv. 53(2): 152-156.

Buchholz, F.L. 1992. Polyacrylamides and polyacrylic acids. In Ullmann’s Encyclopedia of Industrial Chemistry. Vol.
A21. B. Elvers, S. Hawkins & G. Schulz (ed.) VCH Weinheim, Germany. pp.143-146.

Deskin, R. 1996. Product stewardship considerations in the use of polyacrylamides in soil erosion applications. p.31-
33. InR.E. Sojka and R.D. Lentz (ed.) Managing Irrigation-Induced Erosion and Infiltration with
Polyacrylamide. Proc., College of Southern Idaho, Twin Falls, ID, 6-8 May, 1996. University of Idaho Misc.
Publ. 101-96.

Entry, J.A. and R.E. Sojka. 2000. The efficacy of polyacrylamide and related compounds to remove microorganisms
and nutrients from animal wastewater. J. Environ. Qual. 29:1905-1914.

Entry, J.A. and R.E. Sojka. 2003. The efficacy of polyacrylamide to reduce nutrient movement from an irrigated field.
Trans. ASAE. 46:75-83.

Entry, J.A., I. Phillips, H. Straton, and R.E. Sojka. 2003. Polyacrylamide + Al(SO.); and polyacrylamide + CaO
remove coliform bacteria and nutrients from swine wastewater. Environmental Pollution. 121:453-462.

Entry, J.A., R.E. Sojka, M. Watwood, and C.W. Ross. 2002. Polyacrylamide preparations for protection of water
quality threatened by agricultural runoff contaminants. Environmental Pollution. 120: 191-200.

Ferguson, D.F. 1997. Conway Gulch PAM Demonstration. Report to the Idaho Soil Conservation Commission.
October 29, 1997,

Goodrich, M.S., L.H. Dulak, M.A. Freidman, and J.J. Lech. 1991. Acute and longterm toxicity of water-soluble
cationic polymers to rainbow trout (Oncorhynchus mykus) and the modification of toxicity by humic acid.
Environ. Toxicol. Chem. 10:509-551.

Kay-Shoemake, J.L., M.E. Watwood, R.D. Lentz, and R.E. Sojka. 1998a. Polyacrylamide as an organic nitrogen
source for soil microorganisms with potential impact on inorganic soil nitrogen in agricultural soil. Soil Biol.
and Biochem. 30:1045-1052.

Kay-Shoemake, J.L., M.E. Watwood, R.E. Sojka., and R.D. Lentz. 1998b. Polyacrylamide as a substrate for microbial
amidase. Soil Biol. and Biochem. 30:1647-1654.

Lande, S.S., S.J. Bosch, and P.H. Howard. 1979. Degradation and leaching of acrylamide in soil. J. Environ. Qual.
8:133-137.

Lentz, R.D., and R.E. Sojka. 1994. Field results using polyacrylamide to manage furrow erosion and infiltration. Soil
Science. 158:274-282.

Lentz, R.D., and R.E. Sojka. 1996. Five-year research summary using PAM in furrow irrigation. p.20-27. In R.E.
Sojka and R.D. Lentz (ed.) Managing Irrigation-Induced Erosion and Infiltration with Polyacrylamide. Proc.,
College of Southern Idaho, Twin Falls, ID, 6-8 May, 1996. Univ. of Idaho Misc. Publ. 101-96.

Lentz, R.D., R.E. Sojka, and J.A. Foerster. 1996. Estimating polyacrylamide concentration in irrigation water. J.
Environ. Qual. 25:1015-1024.

Lentz, R.D., R.E. Sojka, and C.W. Robbins. 1998. Reducing phosphorus losses from irrigated fields. J. Env. Qual.
27:305-312.

Lentz, R.D., R.E. Sojka, C.W. Robbins, D.C. Kincaid, and D.T. Westermann. 2001. Polyacrylamide for surface
irrigation to increase nutrient-use efficiency and protect water quality. Commun. Soil Sci. Plant Anal.
32(7&8):1203-1220.

NRCS. 2001. Natural Resources Conservation Service Conservation Practice Standard —Anionic Polyacrylamide
(PAM) Erosion Control (Acre). Code 450. 3 pages.

MacWilliams, D.C. 1978. Acrylamides. In Encyclopedia of Chemical Technology, 3. Ed., Vol. 1. I. Kirk and D.F.
Othmer (eds.). Wiley, New York, pp. 298-311.

Malik, M, and J. Letey. 1992. Pore-size-dependent apparent viscosity for organic solutes in saturated porous media.
Soil Sci. Soc. Am. J. 56:1032-1035.

3-135



Diffuse Pollution Conference Dublin 2003 3G: Agriculture

Orts, W.J., R.E. Sojka, and G.M. Glenn. 2000. Biopolymer additives to reduce soil erosion-induced soil losses during
irrigation. Industrial Crops & Products. 11:19-29.

Orts, W.J., R.E. Sojka, G.M. Glenn, and R.A. Gross. 1999. Preventing Soil Erosion with Polymer Additives. Polymer
News. December, 1999, Vol. 24, pp. 406-413

Orts, W.J., R.E. Sojka, G.M. Glenn, and R.A. Gross. 2001. Biopolymer additives for the reduction of soil erosion
losses during irrigation. Pages 102-116. In: R.A. Gross and Carmen Scholz (eds.) Biopolymers from
Polysaccharides and Agroproteins. ACS Series 786. Am. Chem. Soc., Washington, DC.

Orts. W.J., Sojka, R.E., and Glenn, G.M. Polymer Additives in Irrigation Water to Reduce Erosion and Better Manage
Water Infiltration. Agro Food Industry Hi-Tech. 13(4):37-41. 2002.

Roa-Espinosa, A, G.D. Bubenzer, and E.S. Miyashita. 2000. Sediment and runoff control on construction sites using
four application methods of polyacrylamide mix. IN: Proc. Tools for Urban Water Resources Management
and Protection. Urban Water Resource Conf., 7-10 Feb., 2000. Chicago, IL. Northeastern Illinois Planning
Commission, Chicago, IL.

Shainberg, 1., and G.J. Levy. 1994, Organic polymers and soil sealing in cultivated soils. Soil Sci. 158:267-273.

Shanker, R., C. Ramakrishna, and P.K. Seth. 1990. Microbial degradation of acrylamide monomer. Arch.
Microbiol. 154:192-198.

Sojka, R.E., and J.A. Entry. 2000. Influence of polyacrylamide application to soil on movement of microorganisms in
runoff water. Environmental Pollution. 108:405-412.

Sojka, R.E., and R.D. Lentz. 1997. Reducing furrow irrigation erosion with polyacrylamide (PAM). J. Prod. Agric.
10:1-2 and 47-52.

Sojka, R.E., R.D. Lentz, T.J. Trout, C.W. Ross, D.L. Bjomeberg, and J.K. Aase. 1998a. Polyacrylamide effects on
infiltration in irrigated agriculture. J. Soil Water Conserv. 53:325-331.

Sojka, R.E., R.D. Lentz, and D.T. Westermann. 1998b. Water and erosion management with multiple applications of
polyacrylamide in furrow irrigation. Soil Sci. Soc. Am. J.62:1672-1680.

Sojka, R.E., D.W. Morishita, J.A. Foerster, and M.J. Willie. 2003. Weed seed transport and weed establishment as
affected by PAM in furrow-irrigated com. J. Soil and Water Conserv. (In Press).

Spackman, R., J.A. Entry, R.E. Sojka, and J.W. Ellsworth. 2003. Polyacrylamide for coliform bacteria removal from
agricultural waste water. J. Soil and Water Conserv. (In Press).

Tolstikh, L.I., N.I. Akimov, I.A. Golubeva, and I.A. Shvetsov. 1992. Degradation and stabilization of polyacrylamide
in polymer flooding conditions. Int. J. Polymeric Material. 17:177-193.

Wallace, A., and G.A. Wallace. 1996. Need for solution or exchangeable calcium and/or critical EC level for
flocculation of clay by polyacrylamides. p. 59-63. In: R.E. Sojka and R.D. Lentz (eds.) Managing Irrigation-
Induced Erosion and Infiltration with Polyacrylamide. Proc., College of Southem Idaho, Twin Falls, ID 6-8
May, 1996. Univ. of Idaho Misc. Publ. No. 101-96.

Wallace, A., G.A. Wallace, and A.M. Abouzamzam. 1986. Effects of excess levels of a polymer as a soil conditioner
on yields and mineral nutrition of plants. Soil Sci. 141:377-379.

Waters, D., Drysdale, R., Kimber, S. 1999a. Benefits of planting into wheat stubble. - The Australian Cotton Grower
Magazine, Volume 20 No. 4 pp8-13.

Waters, D., Drysdale, R., Kimber, S. 1999b. Reducing off-site movement of sediment and nutrients in a cotton
production system. Proc. NPIRD Nutrient Conference. Brisbane-Qld, June 1999.

3-136



	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8

