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Risk Assessment "Safety” Factors

* Uncertainty factor (UF) - A judgmental factor
used to compensate for the uncertainties inherent
in experimental data

% affected

10X - 2 or more controlled, chronic experiments in the
same species and supported by data in other species

100X - 2 or more controlled, chronic experiments in a
different species

- 1000X - anecdotal (field) data only

Add 10X when limit is based upon LOAEL rather than
NOAEL

From NAS, CCME, EPA




-10/27/2008

Arsenic
+ Sources
- Industrial, agricultural, mining, drugs
- Natural

+ Two oxidation states (As™I and AsY)
- Both occur naturally in water
- As!I considered more toxic than AsY

Human

+ "Blackfoot"” disease
Cardiovascular disease

- Diabetes mellitus

+ Spontaneous abortion

+ Cancer

+ Potable water action
limit dropped from 50
to 10 ppb - EPA, 2006

Wilson, 2001
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Residues

+ “If dairy cows drink water
containing high levels of arsenic,
will milk be contaminated?”

+ Dairy cattle, fed naturally
contaminated water (<140 ppb As)

- Urine concentration corresponded with
water concentration

- No detectable As in milk, cheese, nor
edible tissues except (possibly) kidney

www.extension.umn.edu

Arsenic

Threshold toxic dose in domestic ruminants = 1-2 mg/kg BW
- agrees with NRC recommendation of 30-50 ppm dietary As as
Max Tolerated dose
- EU recommendation = 2 ppm dietary As - couldn't find any
Jjustification
No good quantitative data in horses, but other, non-rodent
species seemed to be quantitatively similar to cattle
Limited data in wildlife suggest similar o cattle
Assuming negligible forage concentrations and a NOAEL of
0.5 mg/kg, 1 ppm should protect under “worst” case
conditions

Barium

+ Sources
- Predominately natural
- Drilling muds

+ Forms
- Barite (BaSO,) - insoluble below pH 9.3
- Witherite (BaCO;) - intermediate sol.
- BaCl, - most soluble, most toxic

Barium

Acute toxic effects due to passive K* channel
blockade in myocardium by Ba™ ion
- Nervous & cardiac malfunctions in lab animals, people
- Chronic effects seem to be related to repeated,
subclinical, acute insults

+ Limited data in ruminants suggests similar acute
toxic mechanism(s)

+ Dose data
- Reagor et al (2005) - 69 mg Ba/kg BW (BaCO3) NOAEL
- Richards et al (2006) - 2.2 mg/L in water lethal to cattle
- Ram et al (1999) - 4.6 mg/kg BW (BaCl,) lethal in goats
Interim recommendation 10 ppm
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Fluoride

Fluoride: Commie Plot or Capitalist Ploy

*+ Sources

- Mining, aluminum smelting,
water treatment, phosphate
supplements

- Natural deposits in NW
Wyoming - wells, geothermal

PRRCENT OF FEBLIC WATER SUPFLY FOPTLATION FSING FLUORATED WATER
AN STATE RANKESG

Toxicity
- Interferes with electrical
activity of heart, brain
- Corrosive (HF)
- Interferes with calcification
of bone, teeth

www.maebrussell.com

Clinical Effects

+ High dose
- Gastroenteritis
- Cardiac arrythmias
- Kidney damage
- Neurologic damage
- Reproductive failure
+ Low (realistic, natural) dose
- Tooth & bone deformities

- Sensitive life stage = periods of
rapid calcification
+ Sporadic exposure more foxic than
equivalent dose given continuously

Fluoride

+ Most sensitive = dairy heifers
- Wild ruminants approximately equally sensitive
- Horses ?2??

+ Dietary and water Fl- are additive
- Summary LOAEL from papers reviewed = 1 mg

Fl-/kg BW

+ Assuming forage 10 ppm FI-, 3.75 ppm FI- in
water would provide the minimum foxic
dose
- Should be adjusted for forage

Molybdenum

Sources

- Industrial, mining

- “Black shales"

- Predominately MoO,% ion in
natural waters

Toxic Effects

- Direct effects upon 61 .
tract, muscle, skeleton and N
nervous system

- Antimetabolite (Cu)

+ Immune suppression,

reproductive failure, poor
gain

Kubota, 1975




-10/27/2008

Molybdenum

(summary)

* Most sensitive species = cattle
+ Forage & water sources are additive

+ Anti-metabolite effects are dependent

upon total dietary Cu:Mo ratio (<4 is toxic)

- If high Mo soils or marginal Cu diets, any
additional Mo from water is hazardous

- Assuming “normal” (7 ppm) Cu forages (or good
supplementation) & < 1 ppm Mo from dry matter,
water containing more than 375 ppb Mo would
exceed toxic ratio.

ks.water.usgs.gov

Nitrate & Nitrite

{ Two chemical forms - NO, &

! NO3

- Natural

- Agriculture

+ "Blue baby syndrome"

- Gastrointestinal conversion of
NO; — NO,

- NO, oxidizes hemoglobin iron
from Fe2* — Fe3*

NO, Postmortem Fresh

Clinical Effects

Acute death

Abortion

“subclinical effects”

- Vitamin A

- Thyroid function

"Safe" concentration

- Feed + water < 200 mg/kg BW in well-managed,
nutritionally adequate, animals

- Assuming neglible feed NO;, water < 500 ppm
NO; ion
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pH

Human standards (6.5 - 8.5) established for

esthetics (taste) and to protect plumbing from

corrosion

Theoretically

- “Excessivel\‘" acid water can leach toxic metals (esp. Pb)
from household plumbing

- Claimed - Extremes of pH could alter blood pH

Swine & rodent confinement facilities routinely

acidify water to pH 3 to improve health

Feeding "strong acids” (equivalent to pH 3 in

drinking water) results in‘improved calcium

meTaboqism in preparturient dairy cows

- Feedlot cattle on acidogenic diets ???

Selenium

'+ Essential trace element,

highly toxic metalloid

- Se0y°, Se0,” are most
common in water

- “organic” forms in forages
+ Acute vs. chronic

poisoning
1 - Acute poisoning usually
— involves "artificial” sources

r such as feed supplements

- Chronic poisoning usually
involves “natural” sources

=t - forage, water




Acute Selenosis

+ Usually iatrogenic, but
may also be water-
borne

* Syndromes

- Sudden death

- Heart, liver, kidney
damage

- Anemia

-10/27/2008




-10/27/2008

Primary Antibody Response
to OVA in Steers

S04
E EC
Zo3 ontrol
S H0.15 SeMet
a
0.2 N0.15 Selenite
'§ 01 #0.28 SeMet
= 1 0.28 Selenite
=Y HO0.8 SeMet
o

21 42 63 M 0.8 Selenite

Days Post Immunization

Muscle Se (ppm)

Liver Se (ppm)

8 8

o 3

‘Residues

"""' Chusiec 4 nd mcrotent resuctien
e Secumatered gaas memaral semeeia aed'v edered fe

Fig. 2. Processes for the immobilization of schesium inchade chemical and microbial reduction, sdwrption, copeec
and depontion of plant and asimal tssoe, mpmmlﬂmdmhmm—m
ouidation due 10 water Circulation and maxing




-10/27/2008

Selenium

+ Sensitivity: horse > cattle > sheep
- Cattle > wild ruminants > sheep
+ Chronic LOAEL (horses) 50-100 ng/kg
BW/day
+ Water Se additive with forage
- Assume forage = 1 ppm
- 250 ppb Se @ 10% BW => toxic dose
- 125 ppb Se @ 20% BW => toxic dose
* Recommend < 100 ppb

+* Toxicity is heavily influenced by water;intake
- Excess Na is eliminated via urine
+ Calves may folerate up to 5% dietary Na with adeguate water

-« Without sufficiemtwater to flush exces8"™Nar much™féss-is+ethal o i
~ ogic damage~ sudden death

+ Two (sub)acute clinical syrdromes L r ¢ et
- “Sodium poisoning" - = : ion = water deprivation
=*Sodium.ion toxicity - water deprivation® = ; idden decrease in plasma Na concentration leads
+ Chronic exposure decreases efficiency brain swelling, anoxia & necrosis

= Evenwith plenty of water;each g of Na requires synthesis of 5 FTremors, ataxia, convulsions & death
mls of urine, at significant metabolic cost

- Poor milk production, feed conversion, growth
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‘Acufe - néurologic damage, deatr

: ‘Several chemical forms: S,, S, SO
- ~1g/kg BW - Sandals (1978), E 2t ””
= Pearson & Kallfelz (1982) - 1318 ppm 1 Cﬁﬁ:}z‘ggf”{;‘:‘ﬂ gsgaziesmlt:]‘;:gex“cerbajed y human
- Hibbs & Thilstead (1983)-- 43ZQppm " 4 <59
Chronic - decreased preductivity monogastric animals oo TIRAG »

- Jaster (1978) - 975 ppm Ra_

= Solomon (1995) - 287 ppm Na

- Weeth-€t al. (1968) - 2000 ppm Na
_=.Potter & MacIntosh. (1974) - 3700 ppm Na

- Peirce«(1968) - 3500 ppm Na

Short term < 4000 ppm

Longer fterm < 1000 ppm

enced by other dle'rary/envwonmenfal —’

i ?t’} BURTON
= Y

)‘,Df the Samts "It lies to the west of the road, and is
only one of a chain of alkaline
waters and springs whose fetor,
without exaggaration, taints the land.
Cattie drinking of the fiuid are nearly
sure io die; even those that eat of
the herbe salde, or salt grass

Sudden Eea'rh w/o Iesnons

Polioencephalomalacia
- Blindness, staggering, convulsions
<

growing upon its borders, and
known by its reddish-yellow and
sometimes bluish tinge, will suffer
from a disease called the ‘Alkali,’
which not unfrequently kills them...
On a near inspection, the icy surface
[of the lake] tums out to be a dust of
carbonate of soda...”

Sir Richard Burton (1862).
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Cases

July, 2005 - Alcova area

- Bulls tur r wn wa'rer‘ varying from 1040 - 3000 ppm
50, ,3/13%i
- Hist ﬁrf'o i uug

- Ruled out Mg, thiaming; sult NS infel
Oct, 2005 - Monohﬂ\ Runch Laramie
- 3/300 dead, undetermined # sick w#h CNS signs fypucal of PEM
Diagnosed as PEM.@
Ruled out: Pb, lamine: =

Highest water igncer@pn sam ?‘188 pPpm
Veg 0.2%'S

- Steer diagnos@l PEMon necropsy
- Pb negative 3 ™ %
- Water "safe“{# vate lab sper

- 25/200 cows deleloped PEM when exposed to 5-6000 ppm.
- Pb, salt negative. 'No'Fesponse to thiamihe ’
May, 2000
= Angus bull'and heifer loped PEM in drylot. Total exposed “about
- No Pb Water SO, 2900 ppm.
McAllister, 1994

Chtnp & easy test ]
% qupom're sampleiat 180° € in a pre
. dish no longer changes.
e estimated fairly accurately from the
e or approximated from measurement.of individu
g them together

Just net very useful in predicting toxicity
- Toxicity actually depends upon specific ions present
- Hg?, Se*, As¥ » Na*, SO2 5 Ca?*, HCO;
- Crude measure of water's suitability'as solvent
* Plasma, seawater > 20,000 ppm®
Palatability (threshold: 500 - 5000 ppm)
Poor reproduction, gain, milk production (threshold: 2,000 - 13,000
ppm, depending upon source cited)
- Susceptibility: Sheep« horses < cattle
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@fer SO, 2000 - 2400 ppm
Aug, 1999 - Sheridan

- Well failed and cattle forced to drink from S-treated reservoir. 4
dead within 48 hr

- PEM
Aug, 1999 - Laramie
- Rancher inaugurated new well (1800 ppm SQ,) in dry pasture. Killed *5-
6" heifers (PgM) within 48 hrs
- Forage 0.2 - 0.3% S, Pb neg, Salt neg.
Aug, 1999 - Basin
- “several" of 200 head died of PEM after turned in
- Water samples 4000-6000 ppm SO,
J'uly, 1998 Rawlins
Rotational grazing scheme with separate water sources.(1800 and 540

pp
Zdlizd of PEM within 1 week of turning into higher SO, paddock More
sick.
Ruled out Pb, salt, thiamine




