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Phosphorus amendment reduces bioavailability of lead to mallards
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Methods
The Problem

Lead levels in sediment over broad areas of the Coeur

Abstract Ten male mallards were randomized to each of 8

d'Alene River Basin in Idaho have been measured in

Lead poisoning of waterfowl has been reported for decades in the Coeur d’Alene River Basin in Idaho as

thousands of ug/g on a dry-weight basis. Waterfowl

different diets containing sediment from either the St.

sometimes consume large amounts of sediment in the
course of feeding (Connor 1993, Beyer et al. 1994),
and since the early 1900s, have been dying from lead
poisoning along the Coeur d'Alene River (Chupp and

Dalke 1964; Benson et al. 1976; Blus et al. 1991).
One idea for reducing the hazard of such highly
contaminated sediments to waterfowl is to add a

a result of the ingestion of lead-contaminated sediments. We conducted a study to determine whether
the addition of phosphoric acid to sediments would reduce the bioavailability of lead to mallards (Anas
platyrhynchos). When sediments were amended with 1% phosphorus under laboratory conditions, and
diets containing 12% amended sediment were fed to mallards, reductions in tissue lead were 43% in
blood, 41% in liver, and 59% in kidney with sediment containing about 4,520 pg/g lead on a dry-weight
basis and 41%, 30%, and 57% with sediment containing about 6,990 pg/g lead. Although the
phosphorus amendment substantially reduced the bioavailability of lead, lead concentrations in the
tissues of mallards fed the amended sediments were still above those believed to be harmful to

Joe River (a river that is relatively uncontaminated by
lead) or one of three locations within the Coeur
d’Alene River Basin in Idaho. Each diet contained
12% sediment, but some of the sediments had been
amended with 1% phosphorus as phosphoric acid.

After 8 weeks on the experimental diets, a sample of
blood was taken from each bird for lead analysis, the

material such as phosphoric acid (H;PO,) to the

birds were euthanized with CO,, and a sample of liver

waterfowl. The addition of phosphoric acid as we used it might only significantly benefit waterfowl where

" " . and kidney was saved from each bird for lead analysis.
sediments or soils contain less than 1,000-2,000 pg/g lead.

sediment in order to bind the lead into biologically
unavailable forms.

Mallards were fed a diet that contained 12% sediment. The
sediments had been aged, dried to a moisture content of
about 10%, thoroughly homogenized, and then sieved
through a 1-mm stainless steel sieve to remove debris and
any lead shotgun pellets that might have been present.
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[ Amended sediments were aged for 5 months to insure that there was adequate
|| time for the formation of pyromorphites. To make the phosphorus-amended
 sediments a ratio of 1.07 kg of phosphoric acid, 118 g of KCI, and 47.2 g of
! hydrated lime were mixed into 30 kg of saturated sediment. In the lab this mixing
| was done using a commercial stainless steel food mixing bowl and beater, and in
the field the amendment was rototilled in.
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Table 1. W e Conclusions
Round Lake, unamended 10 0.08 014 034
Lead in the sediments used to (roferanca sk}
make the experimental diets Concentrations of lead in the tissues of mallards Research
Source of Lead [rnr——— o s 2w fed unamended sediments were similar to those Needs
i (uglg, dry wt.) versus reported for waterfowl feeding in the Coeur
e d'’Alene River Basin (Chupp and Dalke 1964, Tests need to be done to determine the practical limitations of phosphoric acid in
Round Lake A Benson et al. 1976, Henny et al. 2000). The reducing the threat of lead poisoning in waterfowl when ingestion of contaminated
e e = 2 2 Eitioplotl chosponisiiolead conteminated sediments is the source of the lead. Additional work with phosphoric acid will need to
Harrison Slough 4,520 Back ook Sough, amended nfld 10 2 sz 1 sediments, whether in the lab or the field, reduced : s Add . phosphoric a
the bioavailability of the lead to mallards, but lead include an assessment of any ecological risks widespread application might cause. For
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ack Rock Sloug 2l Run Lk, unamendecinlat . in mallard tissues still exceeded concentrations example, in the field plant growth was severely inhibited by the amendment. Finally, the
Bull Run Lak 6,990 e believed to be harmful to waterfow! (Pain 1996, long-term efficacy of sediment amendments must be measured if they are to represent a
. ' T Beyer et al. 2000). Thus, in highly contaminated cost effective and viable means of reducing lead poisoning of waterfowl in contaminated
Bl Run Lake, amended in ield w 23c  we  nc environments, phosphorus amendments alone . 9 P 9
“Signiicantly lower than unamended sediment, two-alkd (6t (<= 0.05). may not make lead-contaminated sediments safe. ELIEICH
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