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=) Description of the Problem, Lead poiscring coonrring as a result of the
ingestion of lead shotgun pellets embedded in the flesh of prey species as well
as the ingestion of contaminated flesh of amimals that have died from lsad

poisoning has gained recognition as a discreet mortality cawsing factor amorg

—— D A e s s et

Bald Eagles {(Hagliaaestus leukucenhalus) wintering in the vicinity of large
waterfowl concentrations (Jacobson et al., 19773 Patee and Hennes, 1383) and has
beern shown to affect other species of raptors and scavenging birds (Locke et
al., 19&Y3; Redig et al., 198W). Lead has been demonstrated as the likely cause
of death in increasingly numerous instances (Jacobson et al., 13977; Locke et
al., 19693). Patee and Henres (1983) cited recently obtaived post mortem
evidence friom over EU0 Bald Eagles and concluded that lead poiscning raniked
fourth behind showoting, impact injuries, and electrocution as a mortality
causing Tacter. The guestion of the effect of chronic low level and
sib—olinical exposwre to lead on physiclogical amd hehavioral Tunctions of
eagles remains unanswered. Evidence for the ocourrence of chronic and regular
exposure to lead has been demonstrated through the finding of large numberé of
spernt shotgun pellets inm the castings collected from underneath bald eagle
rocsts in the vicinity of wintering waterfowl concenmtrations. Platt (1976)
found 71 % of the castings from a roost in Utah to comtain spent shot while
Burstan (1974) recovered spent shot in S8-80 % of the castivgs they gxamined
from midwestern roost sites. Thus ingestion of lead is not immediately arnd
always fatal, but the regular daily ingestion and egestion proavides the mearns
for the intake of small amounts of lead om a vegular basis, the effects of whnict
are affected by the kinetics of absorption and excretion. T the extent that
the former exceeds the latter, the effects are cumulative. The effects of low

levels of lead include rnewclogical dysfunction, behavioral and learning



aberrations, armemia, and increased suseeptibility to diseases and other
mortality causing factors (Reiser amd Temple, 1388). The extent to which Hald
Ezgles have been so affected are pressntly Wnkmowrn, Therefore we perceived the
hezaed to further assess the morbidity of lead poisoning among wild eagles.and
invastigate the effects of sub-lethal plasma concentrations on hematolonical,
serum chemical, and imﬁunological parameters of Bald Eagles and other species of

raptors.

3) Review of Brior Research. Several investipgations have besn undertaken in

raptors to study rates of absarpfimﬁ arnd tissue deposition of orally
adininistered lead (Patee et al., 1381), the effects an porphyrin metabolism
{Reiser and Temple, 1981} and serum enzyme activity {(Hoffman et al., 1981;
Meister and Koster, 1381). In all of these studies, sufficient doses of lead
werea glven to produce clinical signs aof toxicity as well as death. The guestiar
ot whether raptors contlivually exposed to lead in sub-lethal doses afe
experiencing any reduced physiclonical furnctions remains unansweret. ﬂﬂé study
(Stendall, 198@) involved the feeding of shotgurn pellets to kestrels on an
irregular basis over a 60 day period produced no overt clinical Signse Post
mortem analysis of the livers showed approximately a 3—fold incresse iw leag
comeentration compared to urexposed controls.  Ne other parameters were mezsuret

in this study.

Rmong parameters that may be aftfected by lead, porphobilisnogen synthase
{PBG-s), an enzyme in the hemonlcbin sywthetic pathway, has been demonstrated tc
have rnaotablie and unigue EEﬂsitivify to lead in a variety of mammalian and avian
species {(Finley et al., 13763 Hoffman et al., 13981; Meisters and Hosters, 1381).
Iri~bound protoporphyrin, a groaduct formed by an alternate pathway when PEG-z iz

bloched by lead, was found to be significantly increased in rapito-s chronically



poisoried with lead acetate {(Reiser and Temple, 1931). Immurosuppression has
been demonstrated in rats and mice exposed to variows concentrations of lead

acegtate in their drinking water {(Blakely and Archer, 13981}. Tomure functicons
assays iv other than domesticated avian species have not been perfected, much

less the assessment of the affects of lead on such furctions.

4) Qbjectives. The following objectives were addressed in this study:

a. Refinement of immune functions assays (lymphocyte blastogenesis and
antibody response o sheep red blood cells) for use in raptors.

b. Experimental evaluatiow of the effects of chronie sub-lethai,

sub-—clinical exposure to lead acetate on hematological, serum chemical, anc

o. Determination in wild Bald kagles admitted to the Raptor Researech and
Renabilitation Program at the University of Mirmesota of the plasma
concentrations of lead, In—bound protoporphyvin, porphabilinogen symthase
ernzyme activity, hemoglobin concentration, hematological, and serum
chemical parameters in order toc assess the morbidity and physiolonical
significance of elevated lead plaswa cancentratiorns in theze hivds

3) Approaches utilized, The following proceduras were undertaker:

2. The optimal experimental parameters for conducting the whole blood
lymphacyte stimulation assay were developed in three species of raptor,
Bald Eagles, Red-tailed Hawlhks, and Great-horned owls.  Parametore such s
mitogen concentration, isotope corncentration, incubation tewperature ang
time, and antibiatic selectiorn inm the culture media were examired in
checkerbeard fashion to select the aptimum parameters.

h, Twalve permarerntly crippled Red—-tailed hawbks were divided into two

groups of six, a contrel groupg and ar experimental group. The experimental

group was gilven lead acetate in daily doses of 1.5 wmg/kg by oral gavage:
the control proup received similar volumes of sodium acetate. These
treatments were conduected for 84 days. Blood samples were collected orne
week before the initiation of the lead treatments, on the day of the first
lead treatment, and at weekly intervals thereafter for & weeks, bimonthiy
for the next month, and at monthly intervals for the rext 3 months.
Hematolaogy, lymphooyte stimulatiorn, PBEG-s activity, concenmtration of Zire
Protoporphyrin (ZPR), and total white cell counts were determined. At the



end of the experimernt, the bivds were killed and examined. At two points
in the experiment following the cessation of lead cdosing, P.1 ml of a S9%
suspension of washed sheep red blocod cells was administersd to =mach of the
Birds. One, two, ard three weeks later blood samples were withdrawn and
the plasma assaved for arntibodies against sheeo red bload cells oy the
hemagglufination methods descoribed by Witlin (13971).

c. Blood samples were taken from incoming ivngured Bald Eagles at the time
cf admission and at approximately two week intervals throughout the course
of their conmvalescence. The blood was assayed for lead concentration iwn
two different laboratories. PBG-s activity, ZPP concentration, packed cel
volume, hemoglabin concentration, and a battery of serum chemistry
parameters were also determined. Correlations were drawn between the
values for these parameters and lead concentration and between lead
concentration, rnature and severity of their injury, and the final outcom
of the rehabilitation effort. In the 1983-81 season 42 samples were takern
from 12 eagles and in 13981-82, 21 samples were taken from 20 differemt
eagles; with as many as 8 sampling intervals being obtained from a sirgle
bird. The data is incomplete owing to circumstances beyond our cortrnl
including breakage of tubes and reagent contamination iw the laboratory
conducting the assays {(see letters attached at the evnd). Rigorous
statistical analysis of the data was rot undertaken since the samples were
derived from heterocgernons group of birds of varying origin, sex, age, ant
extermating olinical circumstances that may or may vnot have besn related i
lead poisoning. '

6. Findinos.,

a. Uptimization of Immune Furnction fesays

The purpose of this research was to aptimize the varicus parameters
involved in mitogen-induced whole blocd lyuwphocyte stimulaticon assays for BEalg
Eagles, Red-tailed Hawks, and Breat—horned Owls. Blood samples were drawn from
healthy, but in some cases, permanently crippled birds of prey and cultured by
standard technigques. Pre~ and post—labeling ircubations times, blocod dilution,
concentrations of phytohemagglutinin and concanavalinm O were tested for their
effects an the Etiﬁulatian index. An antibiotic combination of gentamiciv, ond
amphotericin B yielded very low stimulation indices with lymphocoytes from Bald
Eagles, but rot with lymphocytes from Great—horned Owls or Red-~tailed Hawks.
Periicillin and streptomycin at a final corcentration of 1@ ﬁg/ml in gach well

caunsead na such depressiomn.  Lymphocoytes from all 2 species vielded maximal



responses with a 48 hour pre-label incubation period and a 18-to~16 hour post
ircubaticn pericd at 410 and a 1:2@0 blood dilution. Optimal mitogen
concentrations for lymphocytes from Bald Eagles, Red-tails and Great—horned Owle
were =5 ug/welil, 25 ug/well, and 1@ ug/well'phytahemagglutiﬁim, respectively,
and 2.5 ug/well, 1@ ug/well, and 1@ ug/well carcanavalin A, respectively.
Differences in stimuation index were not seen between tritiated thymidine or
leS~indinated~thymidine. The optimal concentration of fritiated thymidine was
in the range of B.B6 to O, 125 uCi/well.

A completed manuscript which provides further details on this techrnigue
and which has been acvepted for publication by the fmericarn Jourwal of

Veterinary Research is available for raview.

b. Ihe effects of chramic exposure_to sub-lethal goncentrations of lead acetate

Tha effects of 24 days of dosing with sub-lethal amourts of lead acetaste
ort porphyrin metabolism and inmune furnction iv Red-tailed Hawks was
irvestigated. Neither phytohemagglutinin or concanavalin A (T-cell respsnses)
nor humoral antibody response (B-eell) to the ivgection of sheep ved blood cells
was demonstrably affected. Plasme lead concentrations were not measured,
hmwe?ar, free and Zn—bound protoporphyrins were greatly elevated by the seventh
day and there was a concurrent depression of activity of the enzyme,
porphobilinogern synthaze. The latier was decreased to 22% of normal rempornse
(1252 nM PEG/ml REC/hour o about 240 nM PBG/ml RBC/hour) by the 20th day of
dozing.  Hematoerits and hemoglobin concentrations were rot significantly
altered during this time pericd, although, had the admimistration of lead

continued, 1t is likely they would have begun to deeline owing to the great



depression of PBE-5 activity., Following the cessation of the administiration of
lead acetate, free prophyrin levels returved to controal levels by the end of om
week, Zn—haound protoporphyrin slowly decreasad to cmﬁﬁrol valuss over thirty
days, and PBG-s slowly recoverad to pre—desing levels of activity in five weeks,
The hawks themselves remained clinically asymptomatic throughout the duration o
this experinment, despite severe alterations in their hemoglohin synthesizing
erizyite system. Harticular note is made of the extended period of time required
for these systems to return to rormal levels of function following the cessatiom
of administration of this very small amount of lead acetate.
A manuscript of this experiment has been completed for submission for

publication and is available upon request.

c. Determination_of the concentration and significance of lead residues in the

A comparison of the values for lead concentration reported by the tws
laboratories for the 1981-82 data is presented inm table 3. There was not a
consistant variation in the way one laboratory reported the Paéultg compares Lo
the other; henvce a considerable degree of judpgement had to be employed by the
itnvestigators in determining which values were most likely to be correct in
cases where there was great disparity. All of the data collected are displayed
in tables 2-A and 2-B for years 1988-81 and 1381~1382 respectively. The most
notable featwre of these data is the time course whereby lead concentrations
were reduced over the cowrse of time during hospitilizatiom and the other
parameters returned to normal. For further data analysis, only those vaiueg
obtained at the time the birds were admnitted wers considered. The results of

such aralysis are presented inm tables 2A and 2B for each of the vears in



ascending order of lead contentration. Whnere significant discrenancies existed
ive the reports between thz two laboratories, the lowsst reported lead
concentration was utilized expepnt where simultanecusly or subseguently collectes
data indicated a higher value may be more correct. These results were broken

down into the following categories, based orn lead concentration:

1. Less than 2.8 ppm —— Background or rnormal category
2. 2,291 to 8.6 ppm —— evidence of chronic, subelinical exposure. Values
it this range appear to decrease rapidly upon cessation of exposure and
theve dov’t appear to be any lasting effects.
3. 2.&21 to 1.8 ppm —— evidence of chronic, clinical exposure. The birds
are showing clinical signs and require chelation therapy to expeditiously
reduca plasma concentrations of lead along with other supportive care.
Recovery is to be expected.
4. Greater than 1.0 ppm -~ evidence for serious exposwre, probably of an
acute naturse. At the lower end of this range the birds will recover over .
long period of time provided they are given chelation therapy. 8Gbove 5.3
ppm death is the expected outcame even if there is an initial resseonse to
theraoy-
These pategories differ slightly from those proposed by Pates and Henmes (19035),
which consisted of 3 levels (less than 2.1, 8.1 to 1.9, and greater thanm 1.8

ppr), The additicn of our category 3 was necessary io accomaodate the clinical

ochservations associated with this group of birds.

Tables 4R and 4B contairn the raw data whern brohken down inte the four
categories delineated above. These data are further summarized iw table 5.
Variations seen in PBG and ZPP correlated well with lead concerntratior. s leac
increased, PBGE decreased and ZPP irncreased., As shown above in the Red-tail
experiment, there is a time lag between the onset of the exposure to leag and
the charnge in the value &f these two parameters. Hence, greatly elevated valuec
foar ZPP are indicative of more chronic exposuwre to lead and similarily extreme
ceoreasas in PBG are indicative of longer tevrm exposure. These trends were mosi

evident in tho Group 3 birds {table 5) where the BBRG valuss were the lowesh



{range 2-72) and the ZPP values were the highest (range 94—-448)., Thus
alterations of these magnitudes in thess two parameters may be the most

=
i

indicative of long term lower level exposwre to lead. In comtrast, the Grcup_4
birds (table 3) had only moderate alterations in these parameters despite the
fact that all were showing signs of severe lead poisoning. Apparently the
acuterness of the exposure resulted in the development of clinical sigﬁs before

PEG and IPP were significantly altered. Only 1 of the 4 Group 4 birds recovers:

from lead poisoning.

Whersas lead was responsible oubtright for the death of 3 eagles in this
study, it was a clinically compromising factor in many more cases. In Lable 60
and 68, the admission data is grouped into 1 of 4 clinical categoriess according

to the condition of the bivrd as fallows:

1. Normal birds, either received as healthy fledplings or convalesced bird:
about ready to be released.

2. Birds with minor injuires, simple fraesh fractures urcomplicated by
sericus infection or emaciation.

3. Birds with complicated and/or open repairable fractures, exhibiting
weight loss of no wmore than 253 %, having rno significant depression and a
good appetite. '

4. Birds with severe traumatic injury or illvness, exhibiting cepressiorg
weight loss, and anorexia.

The data from table 60 arng 6B are summarized in table 7. £ large ramber of Lhe
most severely injured eagles in clinical categories 3 and 4 {(table 7) had lead
residues in the rarge of 6.2 to @.6 ppm. OF the T© birds with lead residues in
ths range between these two categories, 3 were trap vicfims, one was hit by &
car, arnd one was shot, If we accept the @G.1 ppm lower cut—off of Battee arnd
Hermes, then viritually all of the ingured birds had significaﬁtly elevated lead
rasidues at the time of admission (table 6AR and GR). PBG-s depression in those

cases whare no lead values are available may be interpreted as indicative of a



sigrnificant plasma lead burder. Thus a conclusion may be drawn that suggests
widespread lead poisoning in the esagle posulation reduces the foraging
efficiency of ihe birds and renders them more susceptible to sericus ingury

causing wodes of food acquisition such as scavenging trap baits and dead

carcasses from along roads.



CONCLUSIONS
1. Significantly elevated plasma lead residuss are present in the majority of
eagles involved in sericus injuries ard in fact may play a role in the

circumstances leading to such inguwey.

2. Lead residues above 1.0 ppm do ocour in the eagle population and are
assoclated with clinical lead poisoning. Many of these affected birds cam be
expected to die or be partially crippleq}EVEH with treatmangﬁdue to permanernt

damage to organ and enzyme systems.

S Where lead residues are moderately elevated, PBG-s is significantly decreasec
and ZPP is significantly increased, such an affected bird has had long—term,

renppated exposure to lead.

4. Where lead residues are approaching 1.2 ppm or greater, the exposure to lead

has probably been acute unless PBEG-~s and ZPP are significantly altered.

Z. Sigrnificant disparity in the values for lead concentratiom exist betweswn
reputable laboratories; hence, aother parameters should also be measured to

accurately assess the lead status of individual birds.

6. The immurne system is more refractory to the effects of lead thanm are the

hemncglobin synthesizing mechanisms.

A

7. Physiclogical recovery from even very low exposure to lead requires & —

waaks and lags far behind the outward appearances of cliniecal recovery.



Table 1. COMPARISON OF DATA REPORTED BY TWO LARORATORIES FOR LEAD RESIDUES
IN BALD EAGLE BLOGD

SRECIES CASE & DATE OF [LEAD] LABORATORY COMMENT
SAMBLE {ppm) {Labl) (Lab2)
=1 H—-257 il-z21B-81 3.32 X
————— o @, 449 X lLabi=Lakz
————— fraoomw @, 239% X Note duplic. samples
BE H-275 l@é-z@-81 @.21 X
~~~~~ patooan #. 446 X Labi=LabZ
GE H-z28@ 1i-23-81 Q.28 b
wwwww Haoen e X Sample contaminated
wwwww i2-16-8B& nepg .O%
BE H-237 1B—29-81 @.15 M
~~~~~ i mw A, 23 X Labi=Labz
—————— Baonn st e bl Hepli. contaminated
RE H-3B5 11-22-81 @,59 »
—————— goroarw 7. 285 b Labl much less thar Lab2
~~~~~ waooan - X One repl. contaminates
“““““ 11-18--B1 2.34 s _
————— L f. 554 X Labl preater than Laba
————— mno e ——r— b Orne repl. comtaminated
————— 12-i6-81 3,22 b
wwwww pa It X Sample contaminated
————— 18~-31~81 e X Sample contaminated
————— ni-18~82 BD.250 »
—————— PR2-16-BE e ® - Bample comtasmirated
GE H-3@a7 11-1B2-81 1.86 H
~~~~~ nwooan 7. 2148 X Labl much less than tab2
e X Orne vepl. contaminated
HHHHH 11-16-81 @.18@ X
~~~~~ fruooun ———— X Sample conmtaminated
o e 12-15-81 B, 4@ X
————— 2i-@4-82 B.19 X
_____ TXTRNTET e e e e X Sample contaminabern
HHHHH P1-21i-82 ®.@3E H

_____ E—-NZ—-82 ————e X Sample contamirnated
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QP37 H-8 BE 4 AL/1Z/81 @ pEE v 197 18 @.22 & idd
Qanss H-9 B 3 @isz@/81 3 7. Go& &56 41 3.0 &5 edd
Gaas H~3 BE & Ai/20/81 4 7. g Big B @2 43 edd
pEdaw H-81 DBE & 95/1i2/81 @ @, BEa 733 03 2.2: &2 arl
@a@ga4l H-127 BE 1 BB/EE/B1 @ G.29a 1458 32 p.03 38 arl
gad4z  H-128 BE 1 @&/26/81 @ Q. B2a 1923 31 .08 & arl

¥i=record rumbeyr, 2=case numbar, 3I=species, 4=clirnical category, S=admission
datey; 6=clinical interval (weeks in hospital), 7=lead concentration, ppm, 8=PBE~-:
activity (nMPBE formed/ml of RECYs/hour, S=hematocrit (X)), 1@=hemoglobin
concentration (gm/182ml), 1ll=Zv-bound protoporphyrin (ug/dl), i2=fate of the
bird {(dd=died, ds=destroyed, rl=released, cp=crippled, i=immediately,
e=gventually, a=at time of, s=sick, h=healthy.



Table ZB. Raw data for 1981-82.

i & 3 4 3 & 7 8 = 1@ 11 12
gEmal  H-2Y5 BE 4 12/22/81 Z 7. 446 77 4@ 1204 &4 ds
gaggs  H-Z8@ GE 2 1a/7zz/81 & @, 200 1430 3@ 3.5 &4 erl
ZpeRs  H-z28d GE 2 1a/22/81 1 D.a@h 1438 30 9.5 52 erl
gafs  H-28Q4 GE 2 19/&8z2/81 =2 72,20 1564 39 13.1 23 erl
BARAS  H-284 BE 1 16/22/81 4 @.28@ 1533 28 13.3 332 erl
pZpge  H-=8& Gk 1 11/22/81 7 Z.00a 2048 39 13.@ 32 arl
waga7  H-383 BE 2 1a/3@/81 il B Sa 384 42 1Z2.6 36 erl
aRgng H-395 BE 2 1@/30/81 (54 7. 400 778 43 19,3 43 erl
QRARE3  H-303 BE 2 1@/3@/81 & a. aaia =298 42 13.7 32 erl
g1 H-323 BE 2 10/38/81 = B.2Zza 1044 38 1109 31 erl
gaxil H-39©5 BE @2 ia/s3@3/81 a8 2. @@a 1272 38 12.6 S& erl
gapizc H-305 BE &2 i/320/581 1% .@g 1a78 3 12.1 2 erl
pi@Bls H-325 BE 2 i@a/3a/81 1Z Q.apy 1427 37 12.3 &8 erl
HzAi4e  H-305 BE 2 1@/30/8F 14 Q. Qg 998 AT 14.1 oE erl
@2pls H-397 GE 2 1a/3a/81 2 B.848 1934 31 190.4 B2 erl
pEpdis H-327 BE 2 lé/38/81 2 @.10@ 2@34 33 12.8 188 erl
Z2ai7  H-307 GE 2 1@/34/81 4 2. 008 20393 2 l4.6 82 erl
galad H-ap7 GE 2 1a/38/81 (= Q. 4808 2218 45 i5.@ 51 erl
aeRA1le H-327 BE 2 18/38/81 19 2.30a 2333 4% 12.7 32 erl
p@gza H-327 G 2 ie/3a/s81 1% @, d@ 2386 44 15.4 47 erl
gzl H-3@7 GE 1 18/38/81 1§ B.29@¢ 1923 49 16.1% 592 erl
fupnzE H-32@ BE 3 11/85/81 @ B, 175 L7 4% 15,7 S8 erd
apdzs H-3Z8 BE & 11/65/81 & &.54@ 1136 44 14,3 o3 arl
ganz4  H-327 BE 3 11/8&/81 i g Fha 736 38 i3.1 42 edd
Qzges H-3Z7 BE 3 11/96/81 z @. 138 1347 3 12.6 4% edd
ggeze HW-327 BE 3 11/@86/81 (=} g, oad 1428 36 1il.4 95 dg
APRE7  H-329 BE 2 11/26/81 i 7. 360 453 25 @&. @ &3 hcp
papzs  H-329 BE 2 11/66/81 3 . 24 8838 41 15,7 4% hcop
2i2g23 H-329 BE & 11/66/81 3 @. Baa 392 38 12.3 48 hop
pagsa H-32% BE & 11/26/81% 8 R.@381 1157 4B 1544 67 hcp
il H-329 BE & 11/86/81 9 G.oRl 1208 41 13,8 42 hep
paa3z H-332 BE 2 11/23/81 2 @, i17@ 1382 42 14.5 3 erl
N33 H-332 BE 2 11/69/81 b= b, 021 1546 48 132.8 44 erl
gnzse H-332 BE 2 11/@35/81 4 B.oa 1501 3 12.8 493 erl
i35 H-332 BE 2 11/89/8t1 7 B.00& asi = 14,2 43 erl
PAR3e  H-3232 BE 1 1i/@3/81 1@ B.2e8 1298 41 13,7 34 arl
a7 H-341 'BE 4 11/13/81 2 Z. Q53 455 44 9.6 32 idd
BAAZE  H-34T BE 2 11/15/81 iz B. 260 & el B.@ 7 oerl
gaA3s H-359 BE 3 11/717/81 & . 78a 2 a4 17.5 94 erl
pansyn H-359@ BE 3 11/17/81 4 7,228 1288 41 13.2 13 erl
wpgis4i H-32@ BE 3 11/17/81 = 7. paa & S5 14.8 33 erld



WiRas 2
NAGLT

MR 4 4
QA4S
B 4E
Gaaa7
piaA48
QRB43

el ikl
Giagsl
BAnS:2
AAATE3
BARS4
RRAGSs
QRRSH
BaRS7

PRASE3
T e
ARG
2R061
ZRASE
BRAES

QRGeS
RS
pRRGEs
DARE7
RANGE

Geies
atrlrlrgr

D@7

naa7e
Tab%at e
QA7 4
BEOA7 S
B@ADT7E

QEA77
AHAT7 8
QEETI
BaAL Y

Fias1
At v 2 T
NGB8
QAB4
DIZABS
PARBE

naAasY

e
L Ty

g

BE

oy
—

BE
BE
PE
RE

et
e

BE

—
Loy

BE
BE
BE
BE

BE
BE
BE
BE
B

BE
BE

EBE

BE
BE
BE
BE
BE

—
[

BE
BE
BE

BE

o=
—

BE
-
=

BE
BE

n

[y

L Ca) 0ok D03 G £

Lf Df ) 5 L) G L )

(IR TH R T ol G Da3 L L -~ R g o Lol Y IR £ 0 08 | S L) Lt G G

SR S i O [ L 8 13

S

11/17/81
11717781

11/18/81
117187861
11/18/81
11/18/81
1i/18/81
ii/18/81

1i/719/81
11/13/81
11/19/81
11/13/81
li/19/81
i1/19/81
11713781
11/19/81

1i1/zas81
ti/2a/81
lti/scasel
li/c@/81
i1/8@s81

11/24/781
1i/84/81
11/84/783
11/24/781
L1/724/81

i2/@a3/81
iz/0zE/81

1&/83/81

i2rsi4/81
12714781
12714781
12714781
12714781

12/16/8681%
12/16/81
i8/i6/81
izsi6/81

12716781
12/17/81
iz2/17/81
12/17/81
iz/i6/81%
12/16/81

1z/21/81

[y
& o

e LMy

Lo T = et
b S LN S TV o & = ul ul o & L e A N L ] RO EA R xR v b R R

s U~ M

7. g
G g

@. 376
A, D@
0. 958
A, 117
. Qi
B, D

@, 1=
s pnlnln
#. 331
B, 963
&, B
7, Qi
R. D2
D, Giag

@. G
Q. AR
A, SR
7. 165
@, @i
@, Dam

h. 114
Q. B
. 254
G, apd
B. GaR

&, S5
2. 0@

S i 171

1.44%
1.981
@. 2936
B. 169
&, Gan

Z.261
@. ARd
. 356
0. 447

B. 3216
@. azn
@2.116
@228
@d.117
d. 244

@. 29

873
1218

755
383
1Az
939
1975
794

iielm
SRR
&2
S16

189z
igbl
iGl4

1328
1278
24
249
861

1304
1476
1579
1582
113a

1239
16129

281

187

ao
=282
4612
441

144
852
144
144

356
473
233

I4E
850

771

4%
4

35
58
41
4@

=3

4
=3
zZ6

31

28

31
25

38
36
38

'\Jkﬂlﬁ_ﬁif;ﬂﬁwbl
Wl dD

i5.8
ii. &
i1.5
11.2
11.@
B. @

12. 4
iz, 7
i4.2
1.8
il. @&

ol L

=
MMM~

§]] @E}_anmu

s
U"

&3
7

54
=92
41
&4
&5

7@

S
46
a9
75

i38
161

125

el
arl

edd
edd
eda
edd
edd
edd

erl
erl
erl
erl

erl
erl
erl

edd
edd
edd
edd
edd

erl
erl
erl
arl
arl

idd
idd

idd

hep
hop
hep
hoep
hep

edd
edd
edd
edd

edd
edd
edd
edd
edd
edd

eds



DRGHA8 H-42@ BE 4 1

g
I

/2178

-t
Q)

g.aglm 1753 23 S. 4 62 eds

g2gs3  H-471 BE

R o]

12/22/781 @. 412 557 33 il.@ 457 ids

fu
e
)

290 3t 1i.@ 134 erl
?. 168 oe9 = 13.3 79 arl

B =
&
Il
N
o

AgeR  I-24 BE 2 B2/98/82
ppRsl  I-24 BE 1 @g2/08/82

*Hee table 2A for column headings.



Table 34.

CREE
hO

5-74
G-82
G~234
G223
6263
G-2aZ
H—-81
H-127
H-128
G-272
G-2301
5—-278
G-&7
H-8

See kable 1A foﬁ explanation

Rdmisgion data for

SPEC.

BE
EE
=t
BE
BE
EE
BE
BE
BE
HE
HE
RE
RE
EE

CAT ADMISSION

B R iR e AU R % I (I R G S o

DRTE

BS/ 3080
BE/14/8@
11/84/80
11/85/8@
1i/28/80
12/15/80
05/12/81
B6/26/81
R6/26/81
l1i/21/80
i=2/18/80
1i1/25/89
1i1/715/8n
ui/1z/81

1583-81

LINICAL
INTERVAL

&L

LEAD
(ppm)

., 2R
@ Ban
@, Jan
@, A
A. B2Q
9. gan
R, G
7. 28Q
@, gan
B, B
%, 07D
@23

B. bED
2. 90

of FATE codes.

indexrad on lead

PBEG
(it / b
FmIRBEC)

comcentratior.

BCvY

{#)

&

35
33
41
45
oA
32
31
&7
33
a
45

18

HGRE
{gm/dl)

@. @
G. 30
2.2
Q. 22
@&. 32
. 24
3. 23
@, 2
@. 23
2. 20
R. 3@
.90
2. Q@
8. 00

ZBp FATE

{ug/dl)

£3
25

b

161
4

£3
120
243
448
75

ds
da
sCp
erl
erl
S0
arl
arl
arl
hep
eds
dd
erl
idag



Table ZB. Odmission data Ffor

CABE  SPEC. CAT

H-Z8y  GE
H-357 BE
H-393 BE
H-~327 GE

H—-241 BE
H-25 BE
H-258 BE
H-35& BE
A—332 BE
H—32@ RE
I-=24 BE
H—34% BE
H—4@2  BE
H-327 BRE
H-372 BE
H—-421 BE

H—3@5 BE
H-3% BE

H-387 BE
H-391 BE
-382 EE

See table 1A for

SRR TV I /598 TV EA R o PR VI EN R AV (R 0 g S IR A I O O O IR

1281-682

indexsed on

ADMISSICON CLINICAL  1LEAD

DATE

12722781
ii/z@a/81
1=2/17/781
ia/z0/81
11/712/81
11/18781
1i/724/81
11/12/81
1i/@5/81
11/785/81
az/08/782
11/715/81
iz/zi/81
11786781
iz/as/81
12/23/81
ia/30/81
11717781
12714781
12716761
ie/a3/81

INTERVAL

lepad cormcentration.

PE&

{ppm) {(nit/he

/mlREC)
D@, Rea 1450
7 &, 2aa 1308
i P v le 478
@ 3. R4Q 1954
# 8. a49 455
g A, @378 733
L N A i 1384
@31z lLica
@ g 1l7e 138z
W R, L7s 757
8 2.2z8 253
& .6y @
& @, ze: 859
@ %3S 758
B 3. 308 1239
9 d. 41 o957
g Q. Saa 284
@ &a.78a &
1. 440 187
U 2.261 144
2 0.2y 281

explanation of FRATE codes

(%)

PCV HEE Zpp
{gmt/di) (ug/dl}
I 9.5 &4
38 is. 8 35
o8 i8.& 31
31 if. 4 =17
44 F. & aE
55 i5.@ S
413 2.4 3
417 13.7 =4
42 i14.5 3
45 15.7 22
31 ii.@ 134
] D.a 7@
48 i3.6 36
392 13.1 H2
39 1.3 @
33 1.4 3vi
42 1i2.6 S
46 17.5 54
45 14,7 73
o2 = S 215
26 g.a 77

FATE

2l
edd
edd
erl
ida
eda
Bl
erl
erl
2}
erl
erl
eds
edd
idg
ids
erl
erl
eyl
edd
ida



CAGE
hJ

G-74

G-234
G-23

6-263
G~302
H—E1

H-127
H-128
G-27E

H—8

¥No hemoglobin determinations were made on these samples.
#A value of @.202 means v sample was takenj; Q. 821 wmeans a sample

able 406.

1980-81 values sorted by lead concerntration.

Sp

BE
EE
BE
HE
Bt
BE
BE
BE
BE
BE

BE

fit

Lead values less than #8282

CAT ADMISSION CLINICAL LEAD PEG

o e [0 G DM

v,

E

DATE

25/ 30/88
Be/1a/8a
11/04/8%
11/765/80
1i/e@/82
l&/715/85
BS/i12/81
25/26/81
Bo/oe /81
1i/21/8a

INTERVAL  (ppm} {(nM/hr

/mlRBC)Y
& Q. BQH i
@ Z. @i @
i} Z. 2Ea @2
iz &, QiR 683
] . e 748
i} 2. DG &29
i @. AR 753
& &, AR 1458
i B, 2B 1829
é &, gl %

POV
(%)

i

@
35
&9
41
43
o
32
31
&7F

[aYmicy)

HGE*
(gm/dl)

. A
. 4
@. Da
8. 24
B. DR
A, 03
B. g
2. an
7. A
G, A

Lead values bhetween Z.201 and 2.6 ppm

ti/25/78m

@2 2. 230 353

Lead values between ©.88) and 1.2 ppm.

BE

BE

2

4

11/718/84%

& 5. 662 79

ai

45

Lead values greater than 1.8 ppm.

@i/12/81

2 2. 99

shere were no detectable residues.
—See table 1A for explanation of FATE codes

197 18

Q. B

7., @

IPP FARTE

{ug/dli}

B
@
43
38
oo
161
42

=

L)

&
63

243

548

76

ds

dd

sSCp
erl
avi
SCR
arl
arl
arl
hcp

dd

erl

idd

was taken,

but



Tabie 4B. 15981-82 admission values sorted on lead concentrations.

Lead values less than 0028 ppm

CABE 5PEC. CAT ADMISSION CLINICAL LEAD  PBG PCV HOR IPP FATE
nO DATE INTERVAL  (ppm) (nM/br (4} {(gm/dl} (ug/dl)
fmMIREL)

H—zZ8& GE 2 ias/ss2/81% 8 g RRG 1430 39 9.5 &4 erl
H-357 EE 3 1i/8@/61 8 a. v 128 38 15.8 ot edd
H-3%3 BE 4 12717781 & 2. R 472 G6 i8.6 21 edd
H—Z@7 GE 2 i8/3a/81 2 Q. 340 1994 31 iz, 4 9% el
H—-341 ERE 4 117132781 D 0,043 435 44 5.6 32 idd
H-354 BE 3 11718781 B R, A76 755 55 15.8 S edd
H—~358 B 3 11/24/81 L @ 114 1304 413 i2. 4 36 erl
H—-356 EBE S 11719781 A 2. 12& tigx 44 13.7 54 erl
H—-332 RE 2 11/43/81 o a,172 1382 42 14.5 43 erl
H-32 £ 3 11/95/861 a @.175 737 45 15.7 32 erl

Lead values between @.201 and V.50 ppm

I~24% BE & QE/abrsaz @ Q. =228 =58 31 11.8 134 erl
H—-34% EE 2 11/15/781 3 2. 260 a 2 @a.0 g erl
H—42@  BE 4 1z/21/81 B 9. 2ed 8592 48 15. 6 36 eds
H-327 BE 3 11/8&6/81 2 3,358 736 29 13.1 2 edd
H-372 EBE 4 12/83/81 2 .35 1239 39 1.3 @ idg
H—4%@1 BE 4 1e/23/781 & @, 418 33 33 ii.@a 43 Jdm
H—39S BE & 1a/3a/781 2 3. SR 384 42 ig. & 36 erl
LLead values betweern @0.681 and 1.0 ppm
H-358 BE 3 11/17/81 2 @.788@ 2 46 17, % 94 erld
Lead values oreater tham 1.2 ppm
H-387 BE 3 12/14/81 @ 1. 449 187 45 14,7 73 erl
H-391 BE 32 12/16781 @ 2.4961 144 22 6. 6 715 edd
H—-282 BE 4 8.2 77 iad

12/703/81 & 15. a0 Z81 26

Seae table 1A for explanation of FATE codes



5RO

I

L

#Group 1 had less tharn 8.8 ppm lead, group & was between @.261 and D.6 ppm leed,

=

group 3

ppom

lead

LEAD E0ONE.
(o)

(=113
@, 1le (@3, &)

(ri=8)
G. 32 (4. 33)
range:

7S (3. 98D

(=3
m
(oA

was bhetween 0.681 and 1.9 ppm lead,

PEBE-g
(i~ PRG/
ml-RBC/hy}

(ﬂ=16>
1AEE (1208}
Pangeﬁ
4551994

(n=7]
&29 (131}
range:

250-1239

{n=2")

39.3 (33.3)
range:

a-73

(vimd)
<E (29D
range:
l.82-15.0@

=19}
41 (i.8)
range:
3136

Crim=73

33 {2.5)
range:
31—48

(=2

46 (.05
rarge:
4545

Cri=4)

el. 75 (&)
range:
144—281

HGE
(gm/dl}

{vi=111}
3.3 (13
rarge:
5.5-18.6

(ri=5)

12,3 (4. 8)
range:

1. 3-15. &

{rn=1}
17.35

{rn=3)
3.8 (&.%)
ranne:
18-435

FAE
fucgsdl)

(r=19)
56 (8)
ranjeas
31161

(=71}
88.5 (34)
rarnge:
I6-243

(=21}

=7y 177
ranges:
4440

(=43
11 (35)
range:
T3-215

and group 4 was preater than 1.@a1



Taple &A.

8267

G-74
-8z
G—2a2
G—aa1t
G-=78
H—8

bee table IR for explanation

1988381

HE
BE
BE
RE

BE

BE
BE
BE
BE
BE
HE

CAT ADMISSION

e fo e fa Ll o8

|

PP bbb

fdmiss inns

DRTE

aet/26/81
e /26781
1i1/21/80

11/94/80
11/85/80
RS/12/81
11/7153/80

1i/ea/8a

Bo/3%/80
@6/ 1/ 8@
iz2/15/784
12/714/86
il/sz25/788
al1/1z2/81

sortad by
Clirnical

CLINICAL
INTERVAL

i
i)
@

Clinical

p s RN

Clinical

2

Clinical

SEESELEeS

clinical category.

category 1
LEAD  HRG
(ppm) (ni/he
/miREC)
@, Qg 1438
7. 2aa 12z9
77 i}
category &
Q. @D @
a., £85
v. 2o 753
& Lo 79
category 2
2. 202 748
category 4
7. B 1}
@ 02 7
. A 629
R.G7& m
.23 323
2. a0 197

of FATE codes

BV
{7}

£ L) L
~ g

e
wt

33
S
45

41

?

e

4

L)

el RN

i

HGER
{gm/dl)}

2.3
@, an
Q. 2

Q. Ba
@,
.23
7. 00

7, DA
73 7]
. G
o, 2
B. QA
@, B

ZPo
{up/Adl}

M
L m

33
42
448

&6

161
1ca
243

76

FRTE

arl
arl
nep

sSCop
erl
arl
erl

erl

dd
=Y g
ede
gdd
idd



Tabie GB. 1981-82 Admissions sorted by clinical category.

Clinical category 1

CASE SPEC. CAT ADMISSBION CLINICALL LEAD PEBG pPCV Hi5HB ZPP FATE
NG DATE INTERVAL  {ppm) (wM/hr  {%) (gm/dly C(ug/dl)
/miRBCS

Nz entries

LClinical category &

H—Z8@ GE 2 18/22/81 7B 2.7 1430 34 3.5 &4 erd
M-Z37 BGE 2 1&/38/81 D Q.04 1334 3t it 4 92 erl
H-332 BE T 1i/23/81 B B.178 1z82 2 14,5 43 erl
1-24 RE © B=/a8/82 @ B, 228 235 3t 1i.@& 134 erl
H-345 ERE 2 11/15/81% ¥ Q.268 @ @2 @2 2 erl
H-32% BE 2 im/3a/s81 Z A, 500 384 4Z 12.6 36 erl
Clinical categocry 3
H-3%7 BE 3 11/20/81% o @ 2oh 1268 38 15.8 56 edd
H-354 BE 3 11/18/8% & 0. a76 35 5 iS.a o4 edd
H—35 EE 2 11/24/81 g @.11@ 1284 43 1Z. 4 36 erd
H—35& BE S 1i1/19/8% 7 PO U 1168 4@ 13.7 94 eri
-38@  BE 3 11/45/81 e 175 757 435 15.7 32 erld
H—32 BE 2 11/86/81 R ) BT 756 32 13,1 42 =dd
H-352 BE 3 11717781 @ @, 78 45 i7.5 894 erd
H-387 BE S 1&8/14/81 @ 1. 440 187 4% 14,7 73 erd
H~321 EE & 12/16/81 S 144 =& H.6 218 eod
Cliviical cateoory 4
H-393 BE & 12/17/81 @ 2. aoa 72 S6 i8. 6 31 edd
H-341 ERE 4 11/13/81% & & 949 5SS 44 3.6 3z idd
H-4%9 EBE 4 12/81/781 B . 26 853 486 is.6 36 edc
H-372  RE 4 1e2/23/81 B @, 5@ 233 39 1.3 B 3cid
H—4@il  BE 4 1g/s23/81 D B.4id DBET 33 ii.a 4 g
H-3282 BE & 12/89/81 B 5.0 =81 26 B.& 77 idd

Ses table 1A for explanation of FATE codes



Table 7. Summary data sorted by clinical category at time of admission for hoth
vears of the study. Data expressed as mean plus or mivnuas S, B,

Cat.* l.ead Corne. No. in each Pb PEG-s PCV HGEB Zan
(pom) interval {rM—-PRE/ (A} (om/cil) fun/did
a a] c g ml—REC/hw)

i (r=1) i & @ A (=2} (ri=3} Yia o (n=3)

@, a1 1243 (21i4) SF (5} 36 (1&6.3)
ranges ravige s rarnge:
1629-1 458 S1-474%

& {(ri=56) ;] 2 1 In {n=8) {n=3) {(n=3) {rn=9)
@i.31 {@.@3) 1@l {(243) 38 (2.4)11.68 (B.32}¥Y1B4 (44)
rarige: : rarvige: rarge: ranges range:

@. Bap-@. 660 75—-1334 SJA-58 9.0-14.5 Z6-448%

& {n=8) & i i = (ri=1) {n=3} {(r=6) {(n=9)

Z. 64 (@& 13D 7i2 (io@ 41 {Z.86313.8 (1) 7i.2 {17
ranges range: range: range: ravnige:
A. A76~2. @b -1 40 2e-55 &.6~17.5 3215

4 {rn=8) 2 4 7] 2 (n=3) {(n=2) {n=6} {ri=F)
2ah (1.8) S6e@ (1a7) 38 (3.9) 1z2.2 (1.6} 21 (4
rarnge: rarnge: range: ranpe: rarge:

g. 34915, @ 197-1239 1856 8.8~18.& 3IZ2—243

* s text Tor definitiorn of clinical categories

" correspond to same lead intervals as used in table 5.

# contains values for unfledged eaglets which have a normal pov of 285-2Z@ %
includes & high values from golden egles and 1 low value from & very
healthy bald eagle with a lead concentration of @.660 ppm.

% same as previocus comnent

Notes: PLCV's are difficult to interpret because of the effects of dehydration in
clinically ill birds.
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Aprit 12, 1933

Dr. Patrick Redig

Raptor Rehabilitotion Center
University of Hirnesota

Sr. Paul, M¥ 55108

Dear Pr. Redig,

We are finally able to send you sou reportable resulis from our laad
analysis of the avian bivoed samples you sent last summer. By way of explan—
ation for the big lupse of Cime betwsen wvhon yvou gava us the samples and now
¥ must tell you that Ron Lawvrenz our former matals specialist, vacated his
position in the laboratory for a better opportunity within the depactment.

It took scma tims o get a replacemsnt through the srats sysvem and even more
time to recoup tl.- last skiils aud expevicnce to rua your saples. AlL this
left ws with quis 2 backlog of work threoush and soms falae :
standing wvork.

sbtarts on ouht-—

o date we have besu able to generate results Ffor 23 sample all of
To dat h b ble to ¢ t [ or 2 amples, all o
which are tabulated below.

Bird VWo. Sample Date Lead, (pgfen blood)
M 257 11-20-81 0.4469 + €.059
11-20-81 0.239 + 0.000

10-20-81 .40 « 0,042

75
05 11~ 2-81 6.205 + 0.00S
11-18-81 0.554 + 0.01¢6.
ho307 11~ 2-81 0.058 + 0.094
K 320 11— 5-81 0.175% + 0.0729
H 327 11~ 6-81 0.4£20 + G.043
H 329 11-11-61 0.356 + 0.0L1
332 T1-11-81 0.187 + 0.005
H 41 H-16-81 6.059 & 0.053
H 345 11-16-81 0.260 + 0.014
H 356 11-19-81 ¢.120 + 0.013
1-13-82 0.0u3 + 0.004
82 0.165 + 0.011
H 358 I a-g LU+ D003
U 387 12-16~-81 4685 + 0.182
2-22-82 0.257 + 0.005
H 3393 1= 6-62 0.116 + 0.007
I 24 - 9-82 0.223 * 0.027
3- 4-82 0.168 & 0.009

H 2
"3

AR LDUAL OFCH TR ELDROYHERE



Or. Patrick Redig
Aprit 12, 198
Yage 2

Qur method of analysis was similay to that used for your eaq rlier wark
with minor variations. That is we used a Flameleoss furnoece technique to insure
adeguate detection limits., Cur modificatbioan was th-i = ran our wet ash "in
sitw'', rthat dis, in the original bleod collection tu
ation through unneeded handliog or transfer operalicas.

a5 az Lo avold comtamia—

g & from each weig ash
digest to average out the minor experimental vnrlati that scem to be inevit~-
able.

Even though we werse able to get some instrument readiags above the high
background, we veguvd our yesults to be highly guestionable.

Contaminated Samples

Bird Ho. Blood Sample (by date)

H 280 11-23-81

H 297 10-29-81

H 300  Boncfowle 5 44 g9

H 305 #1-2-61, H1-18-81, 12-31-80, 12-16-SI,
221682

A58 7- B3-2-81, 11-16-81, 3+4-82, 2-3-82

I 320 11-19-81, A4-5-81

Ho327 11-18-81

11326 BF-11-81, &:°4-82

H 332 12-31-80, #-4-82, 41-[1-B1

H 341 i 18-16-81

H 350 1E-18-81, 12-315-81, £<14-82, 1-27-82

H 354 11-18-81, 2~16-82

0 356 311-19-61, J12-31-81

H 357 2-11-82

H 400 1-6-87

I am sure that you will find the table of results self explanatory and siace
the gamples wvere blind to us I don't thiok T should try to make any cemmeat on
their meaning.

I am sorry to report that we had a mishap with the first 31 samples we
tried to analyrze. We found that our "ultrex® nllIIL acid bhod unswpectantly
brcome coutaminated with Tead and this left ua : i
ievsTs,

e Lackground

You will rore that rthe samples are not run in order, but were raadonliy

pick-d as we happened across them in the storage box. There iz a balance of 24
sampres el to finish.  These arve now in various stages of progress but should

be finlzshed up in 2 rto 3 weceks.
P



Dr. Fatrvick Rediyg
April 12, 1983
Page 3

There will be no charge for tho analysis since the contract has lapsed
and we acknowledge Tanlt for the lost sawples.

If you have any questions councerning this correspondence or asbout the work
invelved, please contact me o1 464-5200.

Sincerely yours,

!
Sy X

. L -~
- S
“.

HEZARE

Robert Glazer, Supervisor
Chemistry Laborateory
Carlos Avery Game Farm
5463 Broadway

Forest Lake, My 53025

RG:blt
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Patrick Redig
tor Renabilitation Center
cdversity of Minnesot -
St. Paul, MN 55708

Dear Dr. Redig,

Listed below are the resulis for the balance of the eagle blood/lead
deter~inations.

tagle Bilood Pb Levels (22 samples)

Eagle ID Mo, . te Samolec Pb 11979 biood (ppr}
regte Ib fo. bate sampled _Corrected for blank
H 297 10-29-8} 0.203 + 0.012
H 305 T-18-82 0.250 + 8.018
H 307 (GE) 1-21-82 0.032 + 0.603
H o326 12-30-81 \ §.433 + 0.025
H 332 L b-27-82 0.269% + 0.020
H 350 11-18-81 - 1.186 + 0.039
H 354 }1-18-81 0.076 + 0.008
1- 6-82 0.098 ¥ 0.007
1-21-82 0.117 ¥ 0.019
2- 4-82 0.04S T 0.007
H 357 12-30-8] 0.421 + 0.4977
H 358 F- 5-87 0.046 + 0.007
1-28-82 0.114 ¥ 0.005
H 387 1- 5-82 1.581 + 0.161
1-20-82 0.296 ¥ 0.011
2- 4-82 0.269 ¥ 0.017
H 391 12-31-81 2.081 + 0.111
1-14-82 0.447 ¥ 0.013
1-27-82 0.216 ¥ 0.028
H 393 1-21-82 0.302 + 0.031
2~ 4-82 6.117°F 0.008
2-16-82 3.244 ¥.0.247

worst case precision: H 354 (1-21-82) + 16.60%
18 of 22 botter than + 107 precision

AN CQUAL OPPOATUNITY BRPLOvYER



Dr. Patrick Redig
duna 2, 1983

‘age ¢

H 356 (2-11-82) and B 308 (1-27-82) - sample tubes broken - pot enough material
remaining Lo cbtain reliable analysis.
wnds end conaitions were the same as described for the earlier

Our mein
samples of the group.

reported

The plus or minus quantity after each result in the teble is our calculated
standard deviation for that particuiar samnple.

As before we have no feeling the correctness of our results as far as your
project 1s concernsed becauss the saimples were blind to us. However we are con-
fident of our procedure and trust that what we have reported fits the situation.

Theoe will be no billing Tor this work for the reasons staled in my letter
to you of Aprii 12, 1983.

If you have any questions concerning the included table of results, etc.,
please feel free to call me on 464-5200.

Sincerely,

d

//J) /': i e iat -
M e , RN Ty
{‘/_;‘ : (_ \_ t_/-" - \._ //

£
Robert L. Glaz
Chemistry lab Supervisor
Carlos Avery Hesearch Center
54463 Broadwey
Forest Lake, MM 55075

REG:bTL



