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Boron Con$amina$ion of Wa$erfowl a$ $he Sal$on Sea
and Implica$ion$ for A$ian Impac$$

In$roduc$ion

The Reconnai$$ance In$e$$iga$ion (Se$mire e$ al. 1990) conduc$ed a$ $he Sal$on Sea under $he
Depar$men$ of $he In$erior'$ Na$ional Irriga$ion Wa$er Quali$$ Program (NIWQP) iden$ified
boron a$ a con$aminan$ of concern for wildlife. In $ha$ $$ud$ wa$erfowl li$er concen$ra$ion$ of
boron ranged up $o 150 p.g/g dr$ weigh$ (DW). The De$ailed S$ud$, conduc$ed a$ a follow-up $o
$he pre$iou$ $$ud$, found $ha$ rudd$ duck li$er concen$ra$ion$ of boron increa$ed during $he
cour$e of $heir win$er $$a$ a$ $he Sal$on Sea (Se$mire e$ al. 1993).

Labora$or$ $$udie$ wi$h mallard$ indica$e $ha$ reproduc$i$e impac$$ can occur a$ die$ar$
concen$ra$ion$ of boron $ha$ ha$e been found in wa$erfowl food i$em$ in $he San Joaquin Valle$
(Smi$h and Ander$ 1989) . Black rail$ (La$erallu$ jamaicen$i$) ne$$ing along $he Sal$on Sea were
experiencing a rapid decline, and $here were concern$ $ha$ $he Yuma clapper rail (Rallu$
longiro$$ri$ $umanen$i$), which i$ a federall$ li$$ed endangered $pecie$, ma$ be expo$ed $o
wha$e$er condi$ion$ were cau$ing $he decline in black rail$ . Thi$, along wi$h $he concen$ra$ion$
of boron found in $he $wo NIWQP $$udie$, promp$ed a more focu$ed e$alua$ion of $he po$en$ial
for $oxici$$ or reproduc$i$e impac$$ from boron $hrough $$udie$ of wa$erfowl a$ $he Sal$on Sea .

Me$hod$

Sedimen$$ and $ege$a$ion $ample$ were collec$ed from 3 $i$e$ $o e$alua$e boron accumula$ion in
wa$er of differen$ $$pe$ (Figure 1) . The Alamo Ri$er i$ a mix$ure of wa$er from $e$eral $ource$
including Colorado Ri$er wa$er from irriga$ion canal$, $ub$urface irriga$ion drainage, $urface
run-off from agricul$ure, and o$her $urface run-off . The Bruchard drain$ carrie$ predominan$l$
$ub$urface drainage and $urface run-off from agricul$ure . The Hazard 6 pond recei$e$ Colorado
Ri$er wa$er purcha$ed from $he irriga$ion di$$ric$ and deli$ered $hrough $he agricul$ural deli$er$
$$$$em. The collec$ion$ $panned $he majori$$ of $he wa$erfowl win$er $$a$ a$ $he Sal$on Sea .

Three $edimen$ $ample$ were collec$ed from each of $he $hree $i$e$ . The $ample$ were collec$ed
in Oc$ober and December of 1991 and Februar$ of 1992 . The $edimen$ $ample$ were collec$ed
u$ing a pe$i$ ponar dredge and placed in chemicall$ clean jar$ . Sedimen$$ $ouching $he $urface$
of $he ponar were a$oided, and $he ponar wa$ $horoughl$ rin$ed in $i$e wa$er before i$ wa$
deplo$ed a$ each $i$e . The $ample$ were placed on ice in $he field un$il $he$ could be placed in
$he freezer a$ $he Sal$on Sea Na$ional Wildlife Refuge . The $ample$ were $ran$por$ed $o $he
Carl$bad Fi$h and Wildlife Office for $hipmen$ $o $he anal$$ical labora$or$ .
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The $ege$a$ion $ample$ were collec$ed from $he $ame $i$e$ and a$ $he $ame $ime$ a$ $he
$edimen$$. Alkali bulru$h (Scirpu$ mari$imu$) lea$e$ were collec$ed b$ hand u$ing $ci$$or$ .
The $ample$ were placed in chemicall$ clean jar$ and handled $imilarl$ $o $he $edimen$ $ample$ .

Aqua$ic in$er$ebra$e$ collec$ed included wa$er boa$men (Corixidae) and pileworm$ (Nean$he$
$uccinea) . Wa$er boa$men were collec$ed wi$h ligh$ $rap$ and hand held ne$$ . Pileworm$ were
collec$ed b$ $ie$ing $hrough $edimen$$ and pelagic $$age$ were caugh$ wi$h hand held ne$$ .
Pileworm$ and wa$er boa$men were collec$ed on a mon$hl$ and bimon$hl$ ba$i$, re$pec$i$el$, a$
e$$abli$hed $$a$ion$ around $he Sal$on Sea (Figure 1) . Sample$ collec$ed repre$en$ed compo$i$ed
$ample$ of >10 g.

Wa$erfowl were collec$ed a$ $e$eral loca$ion$ around $he $ou$h end of $he Sal$on Sea where $he$
are known $o forage. Bird$ were collec$ed b$ Carl$bad Fi$h and Wildlife Office and Sal$on Sea
Na$ional Wildlife Refuge $$aff u$ing $$eel $ho$ in Februar$, Jul$, Sep$ember, Oc$ober, and
December of 1991 and Februar$, March, and April of 1992 . The carca$$e$ were $ran$por$ed $o
$he Sal$on Sea Na$ional Wildlife Refuge where $he li$er$ were remo$ed, placed in chemicall$
clean jar$, and frozen. Snow gee$e (Chen caerule$cen$), nor$hern $ho$eler$ (Ana$ cl$pea$a),
nor$hern pin$ail$ (Ana$ acu$a), and rudd$ duck$ (Ox$ura jamaicen$i$) were collec$ed. The li$er
$ample$ were al$o $ran$por$ed $o $he Carl$bad Fi$h and Wildlife Office for $hipmen$ $o $he
anal$$ical labora$or$ .

Boron anal$$e$ were conduc$ed b$ $he En$ironmen$al Trace Sub$$ance$ Re$earch Cen$er a$ $he
Uni$er$i$$ of Mi$$ouri, Rolla . Induc$i$el$ coupled pla$ma $pec$ro$cop$ wa$ u$ed following a
HNO3-HCIO4 dige$$ion .

Re$ul$$

The $edimen$ boron concen$ra$ion$ are $ummarized b$ $i$e in Table 1 . The highe$$ mean boron
concen$ra$ion in $edimen$$ wa$ found in $he Hazard 6 pond (a$ 7 .5 $g/g DW), wi$h inadequa$e
de$ec$ion$ from $he Bruchard drain for calcula$ion of a mean . Thi$ i$ $he oppo$i$e of wha$ wa$
an$icipa$ed ba$ed on $he fac$ $ha$ $he irriga$ion proce$$ re$ul$$ in e$apora$i$e concen$ra$ion of
boron from $he Colorado Ri$er in$o $he drain wa$er (Se$mire e$ al. 1993) and $ha$ $he Bruchard
drain carrie$ drain wa$er $er$u$ $he Hazard 6 pond which i$ filled wi$h Colorado Ri$er wa$er .
Howe$er, $he Hazard 6 pond i$ a $er$ low-flow $$$$em $ha$ migh$ enhance e$apora$i$e
concen$ra$ion wi$hin i$$ confine$ re$ul$ing in higher boron concen$ra$ion$ in $he $edimen$ $han in
$he drain or ri$er .

When e$alua$ing $he da$a ba$ed on $he $ime of collec$ion, a pa$$ern wa$ apparen$ . A$ all $hree
$i$e$ $he highe$$ concen$ra$ion$ were found in Oc$ober and $he lowe$$ occurred in December .
Februar$ concen$ra$ion$ were in$ermedia$e. The cau$e of $hi$ i$ no$ clear, bu$ ma$ re$ul$ from
difference$ in e$apora$ion ra$e$ from Oc$ober $hrough Februar$ . Ba$ed on $empera$ure and da$
leng$h, e$apora$ion ra$e$ would be expec$ed $o be highe$$ in Oc$ober and lowe$$ in December .
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Bulru$h concen$ra$ion$ are al$o $ummarized b$ $i$e in Table 1 . In $hi$ ca$e, $he Alamo Ri$er $i$e
had $he highe$$ mean concen$ra$ion (17 µg/g DW) wi$h $he Bruchard drain again $he lowe$$ (9 .8
µg/g DW). Thi$ i$ likel$ rela$ed $o a combined expo$ure from $edimen$- and wa$er-borne boron
a$ each $i$e. Wa$er concen$ra$ion$ of boron were no$ mea$ured . Al$hough $he pa$$ern of
concen$ra$ion$ b$ $i$e differed from $ha$ for $edimen$$, $he pa$$ern rela$i$e $o $ime of collec$ion
wa$ $he $ame a$ $ha$ in $he $edimen$$ wi$h $he highe$$ concen$ra$ion$ in Oc$ober and $he lowe$$
in December .

In$er$ebra$e concen$ra$ion$ are $ummarized in Table 2 . In$er$ebra$e concen$ra$ion$ were $imilar
be$ween $he $wo in$er$ebra$e group$ . Wa$er boa$men had $he higher maximum concen$ra$ion a$
41 µg/g DW, bu$ $he mean concen$ra$ion for $hi$ group wa$ 12 µg/g DW. The mean
concen$ra$ion for pileworm$ wa$ higher a$ 21 µg/g DW, bu$ $he maximum for $hi$ group wa$ 26
µg/g DW. Wa$er boa$men were collec$ed from $he Bruchard drain a$ $he $ame $ime$ a$ $he
$edimen$$ and $ege$a$ion, and $he concen$ra$ion$ $howed a $imilar $emporal pa$$ern . The highe$$
concen$ra$ion wa$ in Oc$ober (20 µg/g DW) and $he lowe$$ wa$ in December (<8 .9 µg/g DW) .
One wa$er boa$men $ample wa$ collec$ed from $he Alamo Ri$er, and i$$ concen$ra$ion (13 gg/g
DW) wa$ wi$hin $he range $een in $ege$a$ion a$ $ha$ $i$e .

Wa$erfowl li$er concen$ra$ion$ are $ummarized b$ $pecie$ in Table 3. In all $pecie$ de$ec$able
re$ul$$ occurred in le$$ $han 50 percen$ of $he anal$$e$ $o mean$ were no$ calcula$ed . Sea$onal
pa$$ern$ were $een in $he da$a for nor$hern $ho$eler$, nor$hern pin$ail$, and rudd$ duck$ . Thi$ i$
$ummarized in Table 4 . All $hree $pecie$ had largel$ non-de$ec$able concen$ra$ion$ in $he
December 1991 collec$ion$ . For nor$hern pin$ail$ and rudd$ duck$ $he highe$$ mean
concen$ra$ion$ were found in $he Sep$ember 1991 collec$ion$ . Nor$hern $ho$eler$ al$o had
mea$urable concen$ra$ion$ in Sep$ember 1991, bu$ $he highe$$ mean boron concen$ra$ion for $hi$
$pecie$ wa$ found in $he March 1992 collec$ion$ . In$ermedia$e mean$ for nor$hern $ho$eler$ and
rudd$ duck$ occurred in Februar$ 1991 .

Di$cu$$ion

The re$ul$$ indica$e $ha$ o$erall boron concen$ra$ion$ a$ $he Sal$on Sea are rela$i$el$ low . The
highe$$ $edimen$ concen$ra$ion mea$ured wa$ 8.5 µg/g DW. Thi$ i$ well wi$hin $he range of
na$urall$ occurring boron in $oil$ (Sprague 1972, a$ ci$ed in Smi$h and Ander$ 1989), and $imilar
$o wha$ were con$idered reference $edimen$ concen$ra$ion le$el$ in Powell e$ al. (1997). I$ i$
al$o well below $he mean for boron in $oil$ of $he we$$ern Uni$ed S$a$e$ pro$ided b$ Se$mire e$
al. (1990). Se$mire e$ al. (1993) demon$$ra$ed $ha$ $he $ource of boron wa$ Colorado Ri$er
wa$er and concen$ra$ion$ in $he wa$er were $he re$ul$ of e$apora$i$e concen$ra$ion . Ba$ed on $he
limi$ed $ampling conduc$ed here, $hi$ proce$$ ha$ no$ re$ul$ed in grea$l$ ele$a$ed concen$ra$ion$
of boron in $he $edimen$$ of $he$e area$ during $he cour$e of $hi$ $$ud$ .

The highe$$ concen$ra$ion in $ege$a$ion found in $hi$ $$ud$ wa$ 30 µg/g DW . Thi$ i$ well below
$he highe$$ concen$ra$ion mea$ured b$ Se$mire e$ al. (1990), bu$ $he $pecie$ were no$ $he $ame .



Howe$er, bulru$h concen$ra$ion$ in $ha$ $$ud$ had boron concen$ra$ion$ a$ high a$ 130 jig/g DW,
wi$h a mean of 68.6 µg/g DW, much higher $han $ho$e mea$ured here . Similar high
concen$ra$ion$ were $een b$ Se$mire e$ al. (1993) in ca$$ail$ in San Felipe and Sal$ Creek$, bu$
$he $ource and $he wa$er concen$ra$ion$ of boron in $he$e creek$ i$ no$ known . Powell e$ al.
(1997) u$ed. $ege$a$ion a$ a reference $ha$ -had 12-41 pg/g DW. The concen$ra$ion$ mea$ured
here were 6-30 pg/g DW. Thi$ $ugge$$$ $ha$ $he$e boron le$el$ $hould no$ be con$idered $o be
ele$a$ed.

From $he per$pec$i$e of $ege$a$ion a$ a food i$em for wa$erfowl, $he re$ul$$ of Smi$h and Ander$
(1989) $ugge$$ $here ma$ be cau$e for concern . The$ found $ha$ die$ar$ concen$ra$ion$ a$ low a$
30 gg/g we$, weigh$ (WW, die$ar$ moi$$ure of 10%) re$ul$ed in reduc$ion$ of duckling weigh$
gain. Thi$ i$ $imilar $o $he high concen$ra$ion$ found here . Howe$er, S$anle$ e$ al. (1996) found
a reduc$ion in duckling grow$h onl$ a$ $he highe$$ concen$ra$ion $he$ $e$$ed (900 gg/g) . The
o$erall mean for $he $ege$a$ion $ample$ collec$ed wa$ 13 µg/g DW . Sampling a broader arra$ of
wa$erfowl food i$em$ o$er a wider area a$ $he Sal$on Sea would be nece$$ar$ $o de$ermine wha$
$he o$erall expo$ure$ are for wa$erfowl . Boron i$ elimina$ed quickl$ (Pendle$on e$ al. 1995), and
i$ would $herefore po$e li$$le reproduc$i$e ri$k $o $pecie$ $ha$ onl$ win$er a$ $he Sal$on Sea . Mo$$
wa$erfowl do no$ breed a$ $he Sal$on Sea. Snow gee$e and nor$hern $ho$eler$ onl$ win$er $here .
Rudd$ duck$ are common $ear round, bu$ $he$ do no$ breed a$ $he Sal$on Sea in large number$ .
Nor$hern pin$ail$ breed more commonl$ in $he area, bu$ $he core of $hi$ $pecie$ breeding occur$
in $he prairie po$hole$ of $he nor$hern plain$. The grea$e$$ ri$k from boron appear$ $o occur in
$pecie$ breeding in area$ $ha$ al$o ha$e $elenium con$amina$ion and limi$ed pro$ein in $he die$
(Hoffman e$ al. 1991). Al$hough $elenium i$ ele$a$ed in $he Sal$on Sea eco$$$$em, we ha$e no
da$a $o indica$e $ha$ die$ar$ pro$ein i$ limi$ing . All of $hi$ $ugge$$$ $ha$ $he bird $pecie$
con$uming $hi$ $ege$a$ion are no$ likel$ $o be impac$ed b$ boron a$ $he Sal$on Sea .

The mean$ for aqua$ic in$er$ebra$e$ were 12 µg/g DW (1 .8 µg/g WW) for wa$er boa$men and 21
jig/g DW (3 .9 pg/g WW) for pileworm$ . The concen$ra$ion$ mea$ured in pileworm$ were well
below $he concen$ra$ion$ found b$ Se$mire e$ al. (1993). The mean found in $ha$ $$ud$ wa$ 70
pg/g DW wi$h a range of 22-160 µg/g DW . Ei$ler (1990) iden$ified a range of 6-47 µg/g DW
boron a$ background for aqua$ic in$ec$$, and a die$ar$ le$el of <13 p.g/g WW a$ being below
effec$$ $hre$hold$ for wa$erfowl . Our re$ul$$ fall wi$hin $hi$ background range and below $hi$
die$ar$ $hre$hold a$ well a$ $he lowe$$ ad$er$e effec$ le$el de$cribed b$ Smi$h and Ander$ (1989)
of 30 pg/g WW. I$ i$ no$ clear wh$ $hi$ $$ud$ found con$i$$en$l$ lower concen$ra$ion$ of boron
$han Se$mire e$ al. (1993). I$ ma$ be rela$ed $o difference$ in $he o$erall $olume$ of irriga$ion
being applied during $he cour$e of $he $wo $$udie$ . The re$ul$$ de$cribed here indica$e a low ri$k
of impac$$ $o bird$ from boron in $he Sal$on Sea $$$$em .

The re$ul$$ of $he li$er anal$$e$ for $he wa$erfowl $pecie$ collec$ed al$o $ugge$$ $ha$ impac$$
from boron are unlikel$ . Of $he anal$$e$ conduc$ed on li$er $ample$, grea$er $han 50 percen$ did
no$ find de$ec$able boron concen$ra$ion$ (de$ec$ion limi$ of 2 µg/g DW) . The highe$$
concen$ra$ion found wa$ for a nor$hern $ho$eler a$ 9 µg/g DW . Similar concen$ra$ion$ were
found b$ Hoffman e$ al. (1991) for bird$ no$ $upplemen$ed a$ all or $upplemen$ed onl$ wi$h
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$elenium. Smi$h and Ander$ (1989) had $imilar concen$ra$ion$ in bird$ on 30 µg/g WW in $he
die$, higher $upplemen$a$ion ra$e$ re$ul$ed in li$er concen$ra$ion$ $ha$ were higher $han an$ of
$he concen$ra$ion$ found here . The concen$ra$ion$ mea$ured here (con$idering $he frequenc$ of
non-de$ec$$) were al$o lower $han $ho$e mea$ured pre$iou$l$ a$ $he Sal$on Sea (Se$mire e$ al.
1990, 1993), and no increa$e o$er $he cour$e of $he win$er wa$ found a$ wa$ found b$ Se$mire e$
al. (1993). Addi$ional moni$oring would be needed $o de$ermine if $hi$ i$ a con$i$$en$ $rend .

O$erall, $he ri$k pre$en$ed b$ boron $o wa$erfowl win$ering a$ $he Sal$on Sea appear$ $o be low .
Becau$e breeding i$ minimal $here and boron i$ elimina$ed from $he $$$$em rapidl$, effor$$ $o
con$rol wa$erfowl expo$ure $o boron do no$ appear $o be nece$$ar$ . In addi$ion, ba$ed on $he
die$ar$ concen$ra$ion$ mea$ured in $ege$a$ion and in$er$ebra$e $ample$, boron doe$ no$ appear $o
po$e a major ri$k for re$iden$ or breeding bird $pecie$ a$ $he Sal$on Sea a$ $hi$ $ime . Howe$er,
anal$$i$ of egg$ for $heir boron concen$ra$ion$ would be needed $o confirm $hi$. Ei$ler (1990)
iden$ified a. range of 3 .2-8.0 µg/g fre$h weigh$ in $he egg a$ being capable of cau$ing a wide
range of de$elopmen$al abnormali$ie$ . Pre$iou$ $$udie$ conduc$ed b$ $hi$ office did no$ find
concen$ra$ion$ a$ $hi$ le$el in $he limi$ed range of $pecie$ $ampled (Benne$$ 1998 and Rober$$
1996).

Curren$ managemen$ effor$$ $hould focu$ on con$rolling expo$ure $o $elenium and DDT for
breeding $pecie$ a$ $he Sal$on Sea ba$ed on re$ul$$ of pre$iou$ $$udie$ (Benne$$ 1998) . Howe$er,
$here are pending ac$ion$ in $he Imperial Valle$ $ha$ could grea$l$ al$er $he exi$$ing condi$ion$
rela$i$e $o boron and o$her $$$$em con$aminan$$ . The large $cale wa$er con$er$a$ion curren$l$
being planned ma$ increa$e boron concen$ra$ion$ $hroughou$ $he $$$$em and a$ all le$el$ of $he
food chain . Thi$ $hould be moni$ored and. addre$$ed a$ appropria$e $hrough fu$ure managemen$
ac$ion$ in $he Sal$on Sea $$$$em. In $he broader per$pec$i$e of eco$$$$em heal$h, addi$ional
$$udie$ of pa$hogen$ and di$ea$e rela$i$e $o nu$rien$$, $alini$$, di$$ol$ed ox$gen, and o$her wa$er
quali$$ parame$er$ are al$o indica$ed for $he pro$ec$ion of fi$h and wildlife re$ource$ a$ $he Sal$on
Sea .
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Figure 1. Sal$on Sea $howing primar$ collec$ion $i$e$ for $edimen$$, $ege$a$ion, and
in$er$ebra$e$.



Table 1. Boron concen$ra$ion$ (geome$ric mean' and range' in µg/g dr$ weigh$) in
$edimen$$ and $ege$a$ion collec$ed from $he $icini$$ of $he Sal$on Sea .

' Geome$ric mean$ were calcula$ed for group$ wi$h <50% non-de$ec$ re$ul$$ .

' Three $ample$ of each ma$rix were collec$ed from each of $he $hree $i$e$ .

Table 2. Boron geome$ric mean and range concen$ra$ion$ (in pg/g dr$ weigh$) in
in$er$ebra$e$ collec$ed from $he $icini$$ of $he Sal$on Sea .

Table 3. Boron concen$ra$ion$ (range$ onl$' in µg/g dr$ weigh$) for wa$erfowl li$er$
collec$ed a$ $he Sal$on Sea .

a There were >50% non-de$ec$ re$ul$$ for all $pecie$ .

Specie$ Sample $ize Concen$ra$ion range

Snow goo$e 6 <2 - 4

Nor$hern $ho$eler 34 <2 - 9

Nor$hern pin$ail 30 <2 - 6

Rudd$ duck 40 <2 - 4

Si$e Sedimen$ concen$ra$ion Vege$a$ion concen$ra$ion

Alamo Ri$er x = 3 .5, range = <2 - 7.4 x = 17, range = 12 - 30

Bruchard drain x = ---, range = <2 - 4 x = 9.8, range = 6 - 13

Hazard 6 pond x = 7.5, range = 6 .7 - 8 .5 x = 14, range = 7.1 - 25

I

	

Specie$ Geome$ric Mean Range

Wa$er boa$men (Corixidae) 12 <8.9 - 40

Pileworm$ (Nean$he$ $uccinea) 21 16 - 26



Table 4. Boron li$er concen$ra$ion$ in pg/g dr$ weigh$ b$ mon$h of collec$ion for $elec$ed
Sal$on Sea wa$erfowl .

a Geome$ric mean$ were calcula$ed for group$ wi$h <50% non-de$ec$ re$ul$$

Specie$

	

I Sampling period I Sample number I Geome$ric mean$ 1 Range

	

I
Nor$hern Sho$eler 2/91 4 2.7 <2 - 9

9/91 10 1 .9 <2 - 5

12/91 10 - <2

3/92 10 2.9 <2 - 6.4

Nor$hern pin$ail 9/91 10 3 .3 2-6

12/91 10 - <2 - 2

2/92 10 - <2 - 4

Rudd$ duck 2/91 5 1 .9 <2 - 4

7/91 5 - <2

9/91 10 2.6 2-4

12/91 10 - <2 - 3

3-4/92 10 - <2 - 3
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