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This rcview ûxamincs onvironmental c3dmium emphasizin~ 

levels in food items Qf bird~. rhe toxic effects of cadmium in 

experimcntal birds are surnrnarize~. Tissue levcls in birds fcd 

cadmium ar~ comp~red ta lcvcls raun~in free-ranging birld.*' 

The mechanisrns by whiCh hirds. dHtoxify ingestcd cadmiu~ and 

the distriùution of the tictal in ! vian tissues a'nd e9g s : ar9 ';, 
. . ': , ;:. : ~ " 

discussed. 

l, .J. 

• All values are expressed in dry weight unless otherwi~e .. ll~:tê~:~:;:~. 
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Cadmium 'is cl toxic trnce met3.l foun:l througholltthe 

. environ~ent. Altbouyh sorne plants and invertcbrates eaton by 

birds can accumulate high levels ofcadmi'Jm, most evidonc~ 

~ndicate5 that it i5 not concentrated in marine or terrestrial 

food chalus. lIowever, ca.dmium is ubiquitous and has a l:lll'1 , . 

biological half-liin S:l it i5 important to c~amine its chrunic 

effects on the physiology of bird~. 

Blrds exposp.d to high dietary' IfJvcls of cadmium (> 701,) ~pm) 

2 

show mll~! Dcute effccts: atrophied and dis:olored organs, ilacid 

gut muscula ture, testicu lar n~c rosi s, etc. The re in ev idQll ca 

thnt lov dietary lovels can aJvec5ely affect reproduction ~nJ 

cause.tissue damage. The severity of these affects is 

determined by several factors: dietary level of cadmium an~ 

other minerals,> aqe, duration of exposurc, etc. V3.lues f;)( aIl ~~ 

thes~ factors uHually are n~t determined in field studie& 

Con~equently, tb~ impact of ca1milm cannot usuallr ba preJ~cted, 

from ca dmium tiss ua le vc 1 s a 10nc. 

ihite et al. (1<)78) dotermiuo:1 that dictary cadmium bvels 

up to 200 l'pm, for as long as thrae months, ,had no histol:>.;ical, 

pbysiological, or rp.proJuctiva ~ffects on mallarùs. CaÙmlJ~ 

levals in the tiss'les of thcse ÙllCKR (kidney - 1<;4 l'pin) waCn 

higher thùn levels foun~ in most frae-r!nging hirùs (hppeaJice3 

1 and 2). Hull et al. (1977) rcport.ed CVt1n hil)her levels l. n 

free-raul)inq fulmar (kidney - 240 ppln) thatvere hOlllthy li&d 

l reproductivelyactive. 
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Apparently birdsCilll adjust ta cadfllilHI in their enviCvllmeut 

by binding it in d "ontoxic forme Time i9 ueedcd to induc~ the 

binding mechanism (metallothionein)., Thus, chronic exposur~ 

miqht result in hiqh tissue levels or cldmium, with m05tbuiug 

bound to metalliotùiOllien élnd detoxifieJ •. Alternatively, .. UOL"t 

term ~xposure mi;ht produce l~w tissuo l~vels, but the caJruiu~ 

might be bound to cnzyme~ and exertin~toxic effects. 

Consequently, the level of cad.ium in avian tis~ue is not au 

especially 9004 indicator of adverse physiological effects ~f 

the metal. 

3 

Cadmi~m levels are highcst in the kidney and liver with ,very 

little transferred into eggs, evan at ~~~h dietary levels. 

Consequently, the dovelopment élnd batchability of chicks Sh6uld 

be unaffected by thebo~y Lurdcn of adult hirds. 

In the Fraser cstuary, cadmium levais (water, sediment dud 

invertebratesi are gancrally low. However, thora are few dat~ 

on levels in specifie avian food specie~ in thin area. 

Although thare may be sites in British Columbia and tha 

Yukon where cadmium levels arehigh (sevage outfalls, l~dd,aud 

zinc mines, battery smoltet's, etc.), the probahility of a 

significant number of hird3 heiny eEfcctcd by acute cxposurc, i5 

remote. 
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Cadmium'is 'a non-essontial trace metal vith knovh toxid' 

affects. It iR distrihuted throu;bout the environment in air, 

vater, and soil from both natural sourcas ~ndmanufactureJ 

prod ucts. 

4 

Studies havo shown t~at appra=iable levals of cadmium ~a~ 

occur in the diets of many species of birds (Bull et al.lg77~ 

Kartin and Coughtrey 1975). lt Is the purposa of this rep~rt'to 

summariza t.he affects of cadmium on blrds, rulatin1 level:3 in 

the food chain to accumulation in tissue and possible effects·of 

any particula r body b urdan. 
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Cadmium'is a relativcly rar~ ala~ent cto3~ly r~ldted ta zinc 

ana found in nature vherevcr zinc occurs. 

Hining and agrlcultural activities, in~ustrial, and s~wagu 

effluents as well as natural weatbcriny.of rocks all relei~a 

cadmium to tho biosphere~ especillly thit of the coastal œdrine 

environillent. 

Cadmium is usad in metallurgical and elu~troplating 

processos, in the manufacture of battery calls, as a con3titu~nt 

of paint pigments, and as a stabilizer in the manuf.actura ;Ji! 

sODle plastics. C-àdmium trom thes9 sources 1s often releaslo111 

into 'the cnvironment in \/dsta water effluent. 

Significant volatilLzation of cadmium occuts duriny smultlng 

of rav base metal ores, purtlcullrly lead und zinc, in tha 

reclamation of iron and steel, and in Incineration of wastù. 

products (Lymburner 1974). Thosc ~tmospheric emlssions ~uttl~ ~ 

back into soil, rivers, Ol' ocuan5. Tho primary production 

sources of ca~IDium in Uritlsh ColumbiA and the Yukon are ~hown 

in Figure 1. 

other important but lass obvious sourCC3 of cadmium 

pollution are sewagu sludl)e" fOL"ti.lizcrs, ruhher tires, auJ 

motor oil. Tho clCtp.n t of env ironroental contamination :is rlolLitcd 

ta the intensity of use or produ:tion of thosu caJmium 

containin? ~at€rials. 
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Figure l 

Primary production sotœces of cadmium in 
British Columbia and the Yukon (Lymburner, 1974) 
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Thoconcllntr'1tion of cadmium in, tho OC~ilns aVE:rages aOI)ut 

0.15 ppb (0.05-0.2 ppO) (Page an:l 'Dingh3.m 1973). Upwellin';l 

currents can cause high cadmiu~ leveis in sorne areas. As ~hese 

currents al~ci hrinq nutriants tu thu ~urfac~ th~y are of tau 

itiportant facdint} sites fo::seil birds (nuli et al. 1974). 

8 

Fleischerct al. nIJ7-4) note,l t hat higher levels of c3.ù1Il1um 

in sea wat€r than those gonerally found, ~~uld bu expected fro~ 

the cumulative natural input.. The low levaIs founù sugCJCSt that 

cadmium is being continuolIsly depositcd on the ocean hotto~. 
-

Cadmium levels in mdrine sediments fro~ the htlantic ana ..... 
" 

. ~\ . 
paéi!ic oceans ran~e from 0.1 to 1.0 ppm vith sorou marine 

phosphate deposits havin~ levaIs of caùmium in th~ range ot 50-

170 ppm (Caro 19Ci4, cited Ly Page anù OinlJham [197q ) ~ 

from these minf!ral ùcposits that many of the sup~rphospha1:o 

fertiliz~rs are proùuced that causahigh c~dmiu~ loveLs in 

agricultural soUs. 

The concentration of cadmiu~ in fr€sh water 1s usuaIIl les s',':, 
, . ' \ 

than 1 .. 0 ppb (Flabcher et cll. 1974). In rivurs and lake3 

polluteù by cad~ium, the mata! i5 of ton undetectablu in tbu 

vater phase, white large con=entcltions muy bo found in, 

suspended parti=les and b~ttom ~cdiments. This is cspcch.lly 

true ~t neutral or alkalinu pli, or whcro hi<]h lUVE:ls of orJanic 

matorial are pr~scnt (Ydcagata and ShiqQcatsu 1970, citcd ~ti 

Friger~ et '11. (1974). 
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The highest conccntr~tions of cadm~lm in th~ lower Fr~~er 

River ara found in mixed system wa~tcwaters, particglarly those 

receiving input5 from electroplaters (T~ble 1). The Lulu Island 

sevage t~eatment pl~nt, where so~e of the highest levals o~ 

cadmium occur (mean 25 ppb, rang~ 4-45 pp~, receives 40~ of its 

total vastevater from one electroplatingfirm. In resideutial, 

wastewater, caimium is usually nJt detectahle (Koch ct 

al. 1977). Cadmium l~vels iu the sediments from tbe Brunatto ,', 

niver watershed ranged froll'l 0-2.8 ppm vith a mean of 0.28 lJl=m.',:>'" 
",:~1).': (Uall et al. 1976). These valuc5 are lov in comparison to 

" :~;;.~. 

" 

heavlly indust~jalized systems such as the Illinois River ,m~an-~ 
,', 

' .. 
2.0 ppm, range ~.2-12.1) (cited in Hall et al. 1970) 1 and lIIore, .:,_ 

,,_",f:, 
"':"/ 

closely re50cble lovols found in an qnpollutcd estuarine slste~~: 
'At;~ ... .' 

- mean 1.0 ppm; ranq~ 0.17-1.2 (T'1 ylor 1976) antl n:ln-indu!.)~riai§~~(-. 
systems such a ltideau River [mean 0.46, range 0.15-1.0) (a;J.ll,~;r~; 

.. ~~";: 
.. :j,'~ !','. 

:.-:-1" 

.,~i~ 
al. 1976). At Iona sevage troatment pl~nt 5ediment values 

a veraged less th~n 0.6 ppm (:;reatar Vancouver sewerafJe an.:l 

Drainage District 1914). Similar valuQs at Iona v'ere faunl! lJY:~~~~~~ 
I1cGreer (1979). 
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Table 1. Cadmium l(Jvcls ill mixHd-systcl1l wast~Hiater5 lIoar 

Vancouver, D.C. (Koch et al. 1977). 

r i 1 

J J 1 
1 J cd (ppb) 1 
1 J 1 
1 Location 1 J 
1 J 1 
1 J Mean Median !lange 1 
1 1 . J 
1 -+-, ------t-----f -~ 
1 1 1 1 
1 1 1 
J 1 J 
IUBC (North and 1 < 1 1 < 1-7 
1 J 1 
South sever) 1 1 

1 
1 
1 

Englis'h Day 3 6 1 2-19 
1 
1 
1 

Iona 151and 3 J < 1-17 
1 

S. T. P. 1 
J 
1 
1 

Burnaby 2 J < 1-7 
1 J 

central J 
t 1 1 

1 J 
1 J 

Burnaby ,1 1 J < 1-3 
1 1 

South Slop!:' 1 1 
1 1 
1 1 
1 1 

Lulu IslanJ ( J 25 21) 1 < 4-4~ 
, 1 J 

S. T. P. 1 1 1 
1 1 1 L-___ -...L _____ ---L' 
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averaging 0.4 ppm with considerabf~ variahility duo to tho type 

of soil (Doyle 1977)~ For example, so11s from sedentary rock 

contain highor levaln of cddmium than tho~o from i]neous ~r 

metamorphic rocks. In clay and alkalin~ soil~ cadmium i5 
.. 

absorhed and thereforo less aVûil!ble whila in acidic and ~anùy 

soils it is ~ore ~obile ("iat~ and HufE 1975). 

Due to tho acidic n~turo of solls ln the lo~er mainlauJ of 

B.C. cadmium will likely he teüdily !vailab1e for upti'lka ilLto 

plants and terrastrial invertp.brates. 

The extent of cadmium contamin!tlon of soil~ in the I~Jer 

Ft"aset' Valley vas evaluated hr John ut al. (1972). Cadmium 

S~i levols ln surface samplos of agrlcultural soi1s avoL"age,l o. as ± 

0.79 ppm (ri'lnge n.ù. - 4.67 ppm) while levais were as hi:111 dS 

95 ppm in surface samplos uc~r a hattery smelter lu Richmond 

(mean 48.96 l'pm, range 7.92-95.411 ppm) ~ Sail profile sallltJlos 

taken near ~he s~elter indicated that cadmium acculllulated in.tha 

surface layer vith littlo ùownwarù movcmont. Thi3 study aiso 

found agricultural soils collccted from five sites ncar 

Vancouver contained suLstantially bigh~r lovaIs of cadmium (muan 

1.92 pp~ than found in soi1s from rural arcas (mean 0.69 ~pm) ~ 

This increaned contamination may b~ attributed to the grelter 

.proximity of the sites ta in(Just.rhl· an·:! IIIctrol'olitc111 poll.ltl~n. 

,",. 
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A similar ~tu~y in En~lan~ co~pare~ a voodldnd ecosy3t~m ta 

an indu~trinl sito and found lavaIs of =admium co~parabla tO the 

previous study - industrial topnoll avera~ed 42 p~m co~parGJ 

vith 2 ppm from the unpollutedsita. In clay soil the 

industrial sito had c,ldmillm levaIn of 14 ppm whila siClilar ;;;011 

from the control ar~a had na dat~ctabl~ luvûl of tho m~tal 

(Martin and Ccuqhtray 1975). 

Tho cadmium contant of most plants la similnr tu lov~l~ lu 

soil or vater (Friberg ct al. 1971). "ovever, nome field crop~ 

and aquatic planta ara capable of absorbin1 and accumulat1n~ 

substantial lovols. The conc~ntration of cad~ium in plant~ 

~epends on a number of factors: 

the spacics of pl~nt 

- the concentratio~ of cadmium in sail or water 

the pU of mediuM 

the type of. soli 

Appar~ntly, thora 1s no mcchanism for eliminating cadmium once 

it is incorporatcd into plant tissue (?leischcr ct al. 1914). 

Thus, high levais of cadmium could he ingestcd by birds if 

contaminated plants constituted a Clajor source of their fo~J •. 
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tl~!d ~tQ.n.2 

Villi\lCls ilDÙ Da vid (1973) faund plantu. could accumula t~ o. " 

to 7~ of the cadmium available in·the sail. Sludga ùnd 

supe rphospha te tortil hOl'S can contribu te ta hi~h cùlllaium J.ùvols 

in sail anù, consa~uently, in pllnts. Corn grovn ln sova~u

sludgo a~oridad soil containeJ cadmium levels 10 times bi9bo~ 

tba~ control plants, and 'increasinq slu1go application rat~s 

, resulted in il 11 noar increase in cldmium lavela iu corn [1J.inEotsly 

et al. 1976). A comparison of cadmium uptakE! in oatH grOJU on 

contaminated soil with thoso grown on rolatively uncontamlu\ltod 

sail shovod strong evidanco qf caamiulII biodccumulation in the 

roots (Table 2). 

y~. 'l'able 2. Cadmium uptake in corn (from John et al. 1972) • 
...... ~. 

• -------------------- .. ' 
1 1 
1 ~"tl!!!.lllm ~Q!!.t~!lt (U!!!!!) 1 
1 1 
1 Z1atorial coutrol Contamlrla ted 5011 1 
1 f 
1- -- i 
1 J 
J Sail 1. J '16.4 1 
1 1 
J Oat roots 205. 1 J 
1 1 
J 001 t shoots 0.6 16.0 J 
1 1 
L- ----------------------------------~ 

John et al. (-1972) found, clftcr 3 veeks growin(J in &oi1 

containing 100 ppm cadmium, lovoln of 307 ppa in rldi&h r~~t~ 

and 130 pplll in IllttllCC tops. Values for control plants 'lt:.JWU in 

sail contain!n!} 0.67 l'p!ll carllQiu:a ilure 7.4 pplII in uùi::h r.>.Jt.:; 

",~~ 

--- .. ~, ----------------- ._.---:-----' ... '" '. -. ~-~,,..-"=-._-----
., " ::.,~"' •• ".' ",1 • 
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:'-;" and 2.3 ppm in Ip.ttuc·J tOl·-li. Potntous, occasionrllly il t'col 
::'~~.' 

source of ducks vintaring on th~ lowar œ~inland, do not ap~~~r 

to accumulilte cadmiu~ to any extent. ~otatoao groviny in ~oi~ 

containinq 20-36 ppm.had lOVQ1~ 1ver!ging 0.3G ppm (Cann~a 1970, 

cited in Pa?o and Pin~ham [1?73). 

Some aquatic plants have tho capacity to conccntratu huavy 

metals from thalr environmont, thus acting as natural 

depolluting avents. 

~ç![~Y~~m2[1~llY~1 a major f~od source of snoll qceseuad" 

to a lesser axtent, of mallards, plntails, and 9r~a~-winqed tuai 

canmagnify the concentration of c~dmium in water up to 35 timQs 

in steills and dS hiqh as 500 tilllus in rhizaa~s. Levais of 

cadmium as hl1h as 238.1 ppm vera found in rhizomes after 12 h 

in vater, cantaininq 0.4 ppm cadmium (Charbonneau and Tre~ulay~' 

1 ~72). The aqua tic plant !!!liS!.~ u.\!.l!l~kI!!lruü.~ Sprcng, gr;>11 4n'gln 
" .. ' 

vato .. containing levets of cadmium ranginy from O.JOS ppm to 

0.03 pp:D dcposited between7. 1 an:} 5429 ppm (asb vt) after l1 

days axpasurc (:&arlay and CJl~mln 1973). Valicla and nau~s 

(1974) founel tha t the :1arsh tJ ras3 ~l?~!t!n~ ~l~~!.!.t!.Q!~ is "lso . 

l' •• 

';,.- . 

.".' 

able ta incorpor!tc c~dmium fram ~ediment into tops and SB~ot~. 

Seawecd (Ig~g~ sp.), considered l qood indicator of heavy m~t41 

pollution, waa 5ampl~d at IOQa S~w~9~ Treat~ent ~llnt (outi~ll 

side). Cad~iu~ lcvnls ranged fr~m 3.0 to G.7 frm. These ~r~ 

lo~ vhc~ cOClparcd withcadmiuDl concohtrations in Geè1wtlcd fL'olil 

other estuarics,9ristol (13.1) ppCl) an.! Srfvcrn (1!:.-22C PPClJ 

(Greater Vancouvc:: ;'CWHrè1lJc !llid otlina-p ui:;tdct 1974 .). 

eu :.' ,". Il',,,, -
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, 
lnvertebratos aro known to con:ontrlte heavy mataIs r~Lativc 

to onvironmental concontrations and could bo a major sourcu of 

cadmium contamination in avlan food chains (Valielu anJ D~UU3 

197~, Darracott and Wiltlin~ 1974, Spehar et al. 197iJ). 

Concent~~tion f~ctorn as hi?h an 105 hav~ boon roportuJ ln 

free ranginq molluscs (Floischer et 11. 197q). Spehar et 

al. (1970) invcstiIJating bioacculllulation of cadmium in 

stonef1ieo Œ.~~'[2!l!!~1~ d2!lH . .tf!), ca:1&lisflieu U!1dr.!ll!!:Y~b.2 

ksll!lll.U, and cnai1s (2hl:l!l !.!l.t2~t:!!) fountl residu9 lovels 600 to 

30,000 times gruater than cadmium concentrations in the vater 

after 28 d ~xposurn (Table J) • 

~able 3. Comparison of cad~ium concentration in Invertohruto3 

to that of aquntic onvironmAnt (from Sfohar ct 

al. 1978). 

, 
--------------~-----

, 
1 1 1',., 1. 
1 1 Cadmium ContAnt (ppm) .;1 , 
1 1 ",1 , 

al --f' ---~ 
1 1 1 
1 Water 1 O.OOl 0.1,) 35 I-
I 1 1 
1 Snail Œhl2.! 1.!l.!. ~.1t:. f!) 1 ~O.\l 200.'" 1 
1 1 1 
1 Caddisfly (U ydropsycho !:!!!!i~! ni> 1 90.0 300." .. 
J 1 1 
~--------_ .. -----~------------------~------,-------------------~ 

As weIl, thin'study foufI.t Hat :;0:110 aq1lltlc invortcbratc:l '"t1~h 

as stonAflics drA r~l~livoly insonsitiv~ tn cadglu3 evon ~ltot 

-~"''''''_-\'''-.. --,-:'~'è-,_'-'_~-''-.-''---_-------------::·-"·:~,,,.·j:,,,·.:·r··i7:' .. ~_-__________ _ 
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28 d (txposuro~. 

Bull and l'turton (1977) prol'oscd the sell ~kcltl! m.!!!!)h:!.l~§ 

mi~.!l~) as a possiblo vor ldw idfl in'dicator uf cad IDiu m 

contamination. rhe maan concontrntion in 111 sclople~ vas ~2.1 

pvm ranqinq from 0 to 309 pp3. 

16 

In the Fraser est~ary, c3dmium concentrations Ln tho wdtur 

are extraMcly lov and thls is roflocte~ in lov lovals"in marine 

orqanislDs. 

In over 300 opeclmena of 14 spccio~ of Cish from the l~wQr"' 

Prasar, cadmiull VilS dotuctod in only ona fish, Cl whito stucqlJon 

[Aç1~rul.2S.t Sr~!l!!!!!!2!!.~~!!.~) (O. JU pplllvet vt.) (llortbcottl et 
~'1'. 

~; al. 1 9 7 5) • 

Bavdan et. al. (1973) in a ba.'1cline 3tudy of Uobl!rts anJ 

Sturgeon banks found call1iliun vas lass t.han 2 1'1'11 in samplu:.i of' ":',:,:;.: 

aIl major' Caunal opocios except 'Jnu oystar (~~ll§~!.n~i!g.1~~~L,:<': 
. .' '.' " 

froID Sturqeon Bank (12 ppm) anJ in tVQ shrimp ~1!ll!.illH!.~~~·' .," i " 

Sturgeon Bank [3.7 PP.). 

At tho Iona SeY~~~ Outfall th~ levals ~f cadmium in oy~t3r~: 

(~I~2222!!n~ g!giti) cxcuednd the limit sot Cor human consu~ption 

(0.5 ppa. vet wt) .,nd thore vas evldenclt of call:lliulI accu:auldtion '," 

in crabs an~ oystnro (Fras~r,niver E~tuary Study 1~78). StuJi~s 

by the Great~f VUhcouv~r Sew~ra9a and Drdinago District (1~74) . 

found'.aan valuHs of cadPliuA of 19 P{I:a in oystcrs frolll thi .. .lroa" 

frOID thü North ~nd of thw lon~ Jotty vith m~ximug values ~f 2~.7 

ppm in oysturs fru~ tho outfall sidn. 

a= __ --,--~------------~-q----a.·.'1WW .. ~Wl~--------
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Average cadlllÏllm h~vcln of 

(n21~~~~~ i~~~r~~~i~) found in 

Strait of Georgia. There 

1.7 

tha 

Plll11 oCCurt'où in sn(l 

Point Grey dumpsit~ 

ba no indica,tion 

-,1-7 

cuc:!.Q!lct' 

in ~ha 

\Jf 

elevatcd cadmium in 

appoars 't 0 

th is ~ rea (Thompson Paton 1978) 
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Bir~s occupy a sensitive po~itioh as top consu~ers iu wany 

food chains. An understanding of tho mcchanisms of absor~~ion, 

tissue distribution, an~ elimination of caamium vould all~w 

predictions of the concentration or dilutiori of this elenuui ln 

the avian system. 

A~~.Q!l!t.!..Q!! 

The duolonu~ appe~rs tobo an important regulutor of c~Jmi~m 

uptake inhirds. At 10\1 to moderate levcls ofexposura tlw··· 
". 

duodenum actively binds ingcsted c~3mium, thus preventinq its 
,.,: .. " 

accumulation in tissue and subse'~llent damaye (Jacobs ct . '., 

al. 1978, Koo et al. 1978, ana Sell 1975). The levels of 
r , 

cadmium in the duodelluAI of Japane!:io g:Jail [Ç,ot!!fni ! ~Qj:.Y!u.i~ :.: 

ll2Q!licà> vere 'ag high as 16 time~ greater thandietary llolvels: 

of cadmium (Jacohs ~t al. 1910). ' .. 

. ,-", ":': ";~;:." . 
The pott ion of qut distal to the duodonum, the jejunum,~al~o 

appears to concentrate cadmium, alt hou'Jh to a leSSerd(;gr~~··.,.~i~;h 
the duodenulD (Ja'cobs et al. 1978) .,::):,<:':A;~t:· 

, .... '),"\ ",' 

Host cadmium intJested hy birJs is (wentually excretedi' for ':, . 
. :~( :,','. ~ 

examplc, hons excretecl 70-00~ of a siueJle oral dose of .c·~.J'di~i{:::;( 
~. "\ :"'::. :.;:.:., 

during the first .24 h anll 90-93~ by 96 h (SfJII 1fj75).·\·:·· 

Cadmium 109 hf:Jan dppeadn<J ill droPl'ine)s of spd rrows 
, ' 

(~~!J~!!~ n~~~cr!n~) 0 h aft~r feudillq and aftor 192 h, 77~ of 

the taYtJod lDotal h,.d been climio:ltrid (Anderson and Van IIOJ .. \. 

1973) • 

.,,) , 
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1 Cl 

Only a small percl:!n tuge of tho caùmium inc;cstl,d by birù:.l is 

foune1 in tissues other than the ùll:>denullI. ~parrcws retailll;!·l UX 

of dietary cadmiulII aftcL' 20 :1ays (Anderson aud Van lIook 19'13). 

quai l, 2. 97~ (.'Jacolm ant} fox 1972): a nt1 liens, 2. 36~ (Sell 1975). 

These figures ar~ comparable to thosc foulid for rnammald, 

vith 1-0% of cad~ium boinq incorporateù illto tissuu othor ~ban 

gut {Friberg et al. 1971, Doyle et al. 1974). 

Cadmium rêtontion ruay vary ù3pendi~g on exposure tillle. Hens' 

maintained on a dict of ~O ppm cid~lum (or 20 d retaincd a 

significantly higher percentagc of total cadmium intake (J.65~) 

than hons feù a single oral do.so (2.36~) (Sell 1975). 

It. is vell docul'lented that tho kidney anù "livur retaill the 

highest percenta!le of cadmium in the tissues •. Anùer<lon an.! Van 

no ok (1973) founù 84~ of the cadlllium in the tissue of sparrows 

(excluding Iluod~num) vas conc(;;!ntrated in kidney anll liver. 

Slmilar results were founù for chickens and mallards (!n~~ 

n1"ty!:hynchQ~) (Whlt(;;! aud Finley 1977, Jacobs ct ul. 1973, Dyer 

et al. 1974) vi th conce ntra tions in the kidney approxima ta lY".' 

tvice that of the liver. Cadmium reslducs in other tissuo~ are 

low relative to kidney and live~ (Dye~ et al. 1974). ~hito and 

Finley (1970) round 1011 cadmium leveis in hlood, braiIl, ml1.:ic·lo, 

and gonad tissue cf ~alla~ds. 

ftoderate excesses-of essentiai elements ~lso appear tu 

dccrcase absorb~ion nndrcte~tiou of lo~ diutdry levclb of 

cadmium in 0111 tinsllp.::> p.xcept the ùuodellum. [lird~ feù lI1iu~rals 

at levels tvice that in ba~~l diats retained 25f. lcss cadULU~ in 

liver, kirlneys, and "hol" body (Jacobs ~t al. 1973). The ti::o:;;ue 

lIIost affectell liy mine ral nupplcm<3nts vas thn jcjl1nl1l1-clo.l~..ll 

, ; 
.... 

, .. 
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scction of tho IJut whl~r" luv(!l~ .:lf <:<lJI:tium 1oIHl"P rceluccù by è1 

factor of 4 tilllUli. Jacoh5 (~t al. (1973) SIl<J':I(!st that at l~w 

level ~xposure cadmium muy be effactively bound in th~ duoJcnum, 

but transported ta other tissucfrom the jejunum. 

The exact mechanism hy vhich cadmium is transported tb~oulh 

the intestinal Quco~a is unknown. Althouyb sorne researche~~ 

suggest that it may involve mcchanisms similur to copper and 

Iron transport (Fleischer ct al. 1974). 

Nordbcrt (1972) foun~ cadmium was dlstribut~d to orqan~ 

~inutes after a single injection whcre it vas bound to a ~~otein 

of 10101 m~lecular weight (10,000) called metallQthioncin., 

This protein contains 24 cysteine sulfhyr.lryl yroups ou oach 

molecule (Margoshcs and Valleo 1957). ~otalliothi~nein act~ by 

bindiny hoavy lIIataIs (one métal ion to three suIfhydryl,:'g;,,,aps) 

and prev~nting thorn from binding to sulfhydryl yroups on ~nzymes 

(Dtown 1978). 

Hetallothionain complexeR are usu~lly stored solubiiiz~d~in 

liver and ki:1n&y cytolJlasm. Cadmium not Lound to 
H •• : • 

-:. 1 

metallothionein may be bound to hi3h molecular w~i~ht protein~ 

such as enzymes, which are rendcred nonfunc~ional causing 
.; ',\ 

pathological changes. Thus, metillothionein can be consijorad 

as a storage site of: cadmium. in a n on-tox LC sta te (fri~dhe~':l. 

1974) • 

Pisc:ltor (1,)6'J, citcd ill. nrown [1978]) l'roposeel 

motallothionninis 3ynthcsized in liver tissue vhere it ia bound 

to h~avy metals and tr~nsportcJ to, ~he tidney, and stored,LU the 

c6rtex. A suall dmount of thn Lody bllr~ell of cadmium may un. 

cxcreted, parti6~ldrly if rcn~l-turhuldr ~nma~e has occurroJ 

... :.;' 
. ~,', 

-, .. ' 
" . . ~\. 

';:':', 

'; 
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(Piscator 1964; norl1h~rlJ 1<)72, cite(1 ill Oro .... n [1973]). 1\ ullmucr 

of resea-::cher3 have stutlied t.his Cd-hindin!] protein in hirJs 

(Freelanrl and COllsins 1973, NishiUra ut al. 1976, Sunùa et 

al. 1974, nil1 1974). 

If birds are ~lronica1ly exp~sed to cadmium, newly 

synthesizcd Cn-Dp will increase in the =e11s until progressive 

accumulation of cadmium ~xcHeds the bindiny capacity of 

meta11othionein, \iith the resultin;J "spillover" to high 

molecular veight proteins. This "spil1over" depenJs on t~d 

level of metallothionein in tissue and vhether synthcsis ~f new 

bindiny~rotein can kecp pac~ vith metal In!low. 

Thus, the actual level of cadmium in avian tissue is 1055. 

important in determining toxicity th!n the ratio of 

» metallothionein - Cd co~~lex to cadmiu~ bound to high 

weight proteins (~nzymes). 

Chronic exposurc mig~t result in hiyh tissue levels of 

cadlllium, aIl boand t.o metallothioncina~d hence dct:oxiffed~., 
.,' 

while shorter lleriods of exposure could rClsult in lowertiùsuc';",:. 

levels of cadmium, but vith, a, lar;Je proportion of: the cadilllum,>·;:',: 
\, ;": 

", . ' 
being bound to enzymes vit.h resultin~ toxic e!fect.s (Brown 

: ," 

1978). null and Hurton (1977) found extrC!llIely high levaL» of: 

cadmiu:n in apparcntly healthy anù reprocluctively activo Sa&lblrüs 

(Appendix 1"). Theysu9t)onted thcâe birds have evolvud 

mechanisms to cop~ in an cllvironmt!nt containing cadmium. 

.:' ~' ~ 

,'::',' 
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Nishimura nt il1. (ll17Ci) fOllnrl larc;o (l,iffcrcnce~i in caJlUilllll 

retention betwcon r~tsand ~uailsmaintainod on diots cont,sining 
J 

identical cadlllium levaIs. It is,well e~tablished tbat tiâ~ue 

levels as weil as nutritional re~uiroments for matalsin taa 

zinc group ara htgh~r in quail than rats. Possibly tbe 

differencQ in tissu~ uptak~ dcpcnds on ! qreatcr num~or o~ C~~ 

binding sites b3in~ a~aiiable in quail tissue ~ishilllura et 

al. 1976). This sugge~ts that the capacity of tissue to bind 
/ 

cadmium and the number of ca4miu~ binding sitos ~ay vary 

cOllsidorably' between incUvidualsand hetween species. 
'~'. 

, 
Brown (1978) found CJood 'indications iu tho wildlife 

community at loua Island that the ratio of metallothi6nein-bcund 

cadmium to cadmium bO'Jnd to protains of hi:Jh lDolecular woi~ht·· <', 
increased both vith jncroased exposuro to'cad~ium and with . -.,' 

increasinq trophic level. Drown founù .mus::mls (l1.Yli!.Y1ig~~!.!~)',;2:' 

from a rola ti vol y unpoll uted area had' ~<lo~er, motall~thi6~ ... lL~:L~>, 
' ... '.' 

bound metal to enzym~ bound mctalratio-:(alJprox. 'O~37) th"di:'·::.:·:, 
• :,!.\·f,.: .. 

mussels from more polluted si tes (a pprox •. 0.40) • On a .hiyiù~·r'·, 

trophic level, grcaater scaup (~y!Jn:i! h~~Qgi.~n) bad the hi~~est:<:: . .'.:. 

metal loading riltio (0.70) COrown et al. 1977). 
,~, '.~. ~: ;:\ .", 

.' :- .. ~.: ;'l~':: 
... :. 
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A numb€r of studies hava re~orted the absorLtion and ~L~SU~ 

41striLutionof caamium fedtQ l1ying birds and the exten~ of 

tratisfer of dictary cadmium into egys (Rhita and Pinlay 1~78, 

Voqt et al. 1977, Koo ct al. 1979, Dyer and Dorn 1974, Sfll.l 

1974) • 

The data show that vvry little cad~ium 1s transferrcd Lnto' 

eggs of chickens or dudks even when hiqb lovels 6f this elament 

are added ta tho diet. 

Whito and Finley (lIJ7U) tound very I.Ov levels of cadmiulIl .in 

mallard eggs (Table 4)·. 

Table 4. Cadmium uptuke in mdlllrd 0993 (Uhite an4 Finley. 

1970) • 
.'. 

. -------------- ----------, 
1.. ., 

J Cadmium Concentrition . (Pllm).· .. '.' J. 
1 . '":'.:.1''' '. .1' 

1 1· -----~~~I -~ ... ::;..-.; 
J 1 .J 1 J ... . 

.Diet 1 Control 1 2 1 '20 1 200··1 " . :. " 

1 1 1 1 1 '. ' ... : 
1--- 1·-----1--- 1 ~ 

. , ", ",. 

1 1 1 1 1 
1 < 0.007 J < 0.0071 0.01 1 0.04 1 

. , 
Eggs , '{" 

l , 1 1 1 L----______ ~ ___________ L _____ ___L _______ J 

'"r; 

~ .' . :..:" 

slmilarrc~ult~ tor mall~rdD and chick~ns on diets of ~CÛ .~ .... ~ 

PP=" cadmiullI vere found hy Henni'.J et al. (1?71) and Scll (1~75).,·:. 

Dyer and Dorn (1974) injecteJ trl=e amount~ or 109-Cd into·· .... 

leghorn chick~ns uni fo~nd thH avqra~e ogg contuinod about ~.ll 

of the whole body ccllhlilllll ,l,,=vcl witl: abol1t OO~, 'Jf the totl! .\J\J'~ .. 
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".';'~~ residuc in tha yoU-, 15J; in tho white, ,ne) 5~ in the ;.;hcU. 
(Hi 

In ft 309 d~y l~yin~ test hQn~ vere maintained on dietu 

containinq 5 and 10 ppm cadmium. 'Control egqs had levels of 

0.005 ppm cad~iuo in vhttes nnd 0.02 pp~ irt yolks. The 5 ~pm 

diet had no effect on cadoium contents while the 10 ppm 4i~t 

increased the cadmium cont3nt in yolks fromO.02 to o. lpp~ 
,(Vogt et ill. , 1977) • 

A survay of heavy metal conc3ntrations in ~eabirds of North 

America and Antarctic found cad~ium levais of 0.1 ppm in b~th 

pelican (~~!~~~Ull~ Q~~idsn~~li~) and Antarctic tern (~1~Ill~ 

vill!tn) e9gs and 0.2 P[lill in comillon tern (21~!.!l!lh!~!l,g~) dgtJS. 

However, the authors noted tbat the levels vero close to the ' 

limit of detection and shouldhe interpreteJ vith caution 

(Anderlini et al. 1972). 

In summary, thesQ studics i~licate thora i~ a poor 

, , 
.,J, . 

,,' 

correlation between dietary cadmium arid cadmi~m luvels in~99~2' 
'\ ': ~' .. , . 

" "": .. \ 

,," 

An important aspect of cadmium metabclism 1s the 

half-time. Stu:lies on milDlmals iudicate a very 10nIJ half-l.1.fll:: 

500 days 1ndogs and 200-JOO da 1s i Il ra tu. Uowuver, uxper im\;::l"ts 

hav.c shown hi9h1y v.lriablo values dp.perl'Ung 011 dose, l'outO of <',' , 
, ::.: l' ': 

'. !. 

intake, and si~qlc or repc~tu~ Qxposllru. Valucn i~r half~lif~ : 

can also hp. mislp.aùing if renal tubule, ·talllage ha,:; occurreJ as ;'1 

result of contin~ou~ cxposuro to cadllllu~ (Prihcr~ et al. 1J71).· 

'-; .. 

.. ~ .:.., 
"";;' 
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Andarso~ clnd Van lIook (1973) stu(liod tho uptake and 

. biological turnover of 109-cadmium in chipplnq sparrows. lha 

half-life in tho yut of tbus~ birds vas 0.5 d while 99 d w~ra 

required for eliminatlon of one half the tissue burden of 

cadQium. Tho long term presence ~f this motal in tho livdr~nd 

kidnoy could In=roas~ tho putBntial for toxic affects. lIowaver, 

this 10n9 half-lifa Is l'robably il result of the metal boill) 

selectivoly bound to matallothlonain and thus dotoxified. 

l!i2!!Hl!l!li ~!~il.iiQri. 

Althou'lh call1lilll1l Is clccumulated in sOlIIe avian food spa~ies 

it is not apprec1ably biomagnifiol 1n birds. Flaischer et 

al. (1974) notei cadMiu~ lAvals in plankton-eatin'l petrels 

(liver - 20 ppm) are no higher than .levals found 1n zoopllnkton 

(13 ppm). UA also reportecl that levels in the liver.J and "L"":'" 

kidneys of fish-eatiny birds are only about 10 times thostlo(~::":.' 

fish fram tho same ~rca. 

thrao trophic lavais ln close prJximityto cl lead-zinc smolt~r 'i' 

(Table 5). 
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Tilblu 5. ColllmiullI cnnci!lltrationn in thrno trol'lai.; 

lavals (M.utin and <':ou'Jhtray 1975). 

--------------------- . ---1 
1 1 
J B~~~ Qf f1 J 
1 J 
1 ~Qn~~n!r~ti2ll (~pm) J 
1 J 

------.----------------+-------~ i 
Producers pla !\ts 

IIcrbivores - woolHice, slugs, snails 

Carnivores thru5h (kiùney) 

- sparrowha..,k (kidnay) 

---- ---

J 
1 
1 
1 
1 
1 
1 
1 
1 

6 

29 -

307 

G6 

25 

171 

J 
1 
J 
1 
1 
1 
J 
1 

, J ____ J 

Hineley et al. ,(197G) showecl tho incL'easingly, higher cadmi.lm 

levels in soil resulteù in a lincar increase in cadmium 

concentration in corn. lIowever \lhen this corn vas fed· to 

pheasants the increased cadmi~m levels in the diet did ucit·: .' . " ~ '. 

result in a lineur rasponse iu the tissues. Uowevar,:ther~~a~o· 
. ':.. ' 

fe" studies vhere cadmium rcsidu9 lovals have been Jetermiu'ùd i.n 
successive species in a food chain and, in particular, ~hur~ ire 

fev data pcrtaining to cadmium resldues in the avian food chain. 

al 

.-,. 

J ' •• ·.r .. : ..•. 
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The toxie cffeetn of cadmium b~ve boen attrihuted to th~ 
\ 

Interference of this non~ossontial matal with biologiealli 

important mataIs in mctalloenzymas (Drown 1970) •. rh~so.euitmes 

aro rendorcd n\ll\flllletioual b7 conformational 'chanyes brougnt 

about by bin~ill; m~tals such as c~dmium vith prOFEctios 

dif~erent than the required motals sueh as zinc or co~per. As il 

rasult, ~ubstrat~ moloeulAs may no longer fit bindin~ sit~s on 
.; " 

the "enzyme (Frietlborq 197", cited in DrOVll [ 1970]).· 

.; .::-;<., ' 
.' t.··.·. 

.. , .. 
'. ,,-; 

.:: 

One of the effucts found in. birds D'li'ntained on a .·diat:~··-· .... 
. . ; . '.~ 7': ':.':: . 1: .... ';/~~~'~j' :. 

containin~ ca1mi"m is a dccrcano in food intake.ahd.~ubs~~u~~( 
,. " . '::'. <,. '.: : . " . 

weight loss, although SOClO studils have rellortod otherwi~e.·;).'· 
.' . "~'.' ,' .. 

uennig et al. (1968) reporte l } the food. intake~f ·laYinJ.:hèllS 
'. • • ".', P'o ;.>~~ . .' '>~,>~,~;~~ ·.::~t S; 

vas reduced by SO~ after 3 d on a diet containing 200·:·ppm·:.:.: i',{'.:.," 

. '. . .: .: ",_ . '., .' . ···.1 " ..... ;r,~'~,:}:>~;_:.;~··.~.;: 
cadmium and, in a later study (lIalll\i~ 1971), cOl1firllled~ha.:;_:·::';:;tE: 

. " ". "' .. .', ~ ·<'~,:;:·.,:<;.~::··!i::i·l: 
finding vith mallard ducks. 5011 (1975) reportecl'silllilar ;..:;:::.;:-.:;':~: 

resoHs fL= hens m.intahed on 60 PP' C1 aftèr6 d.>r~\;,;~~~(i, 
However, White ana Finley (1977) reported diritary cad~iu~:~; 

[2,20,200 ppm) diù not causa slgni1:icant 110(ly WOiCJbt'~o~:>;~'~~i: 
'.: :':~".: . ..- .:' '".:'<~~~~';:'.: 

decreascd fooll consulDpt.ion i ft ad ul t malla rd l1uc):~ in' 30d:ly .. :':'::.,' 

trials. 
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SturkiE" (1973) also reported n'\ ~icJnificant wflight lo~.;in 

adult chickens injectud daily vith 2 m~/k~ cadmium for 22 J. 

Low, chronic dietury levals of cadmium « 100 ppm) app~~r to-

. have lit.tle or no effQct on 999 procluction or 09CJ fertility., .' 

Sliqht reduction in ogq ~roduction was shawn in layin9 hens at 

dietary cadmium levels of 60 ppm (5011 1975) while d~nnig ut 

al. (1963) found il cessation of eCJq production in hons 

maintained olt 200 p~m. Similar rasults wore found in malldrd 

ducks (Hannig et al. 1971). 

White and Finloy (1977) found a99 production in mallarJs 

suppressed at 200 ppm but no offect fro~ dietary lavais of 2 ~nd 

20 ppm. 

Vogt ot al. (1977) noted cadmium fcd ~o hen~ dt 5 andl0ppm 

did not affect laying performance, howover dietary levels ~f~O 

ppm resultel in d~creased 091 shellstability.' 
. !,' . " :':: " ~ :::'. ':',' 

.~.,' ::' ", .': '.) " . 
. ,' ..... :ô.' r-,'\:J':",· 

Although diotarJ( cadMium (100 to 200 ppm)' WolS. shown':t:> .,~:L··· 
. '. ~. ~,' ;~.: ~ '. ~'.\'~ 

.' .. 
affflct cgC] producti'on in mallard3, no IlIcdsllreable effectoll ..... . 

" . ' ' ,".' 

fertility of oggs w'ols found (llenniq otal. 1971~··cite~'_· iil'::iali"~/ 
'. \~ ).,: 

1976) • 
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Anemia Is common in ~nimals exposed ta cadmium. Freel~nd 

and Cousins (1973) produced anemia in young chicks vith diotary 

cadmium of 75 ppm for 17 d. Similar results w~re found in young 

guail (.1acobs ct al. 1972). In contrast White ànd Finley ,1~17) 

fed adult lIIallards cadmium up to 200 Pl,m vithollt signiflclUt, 

reduction of hematocrits'or hem~11obin thus SU~90~ting th3t 

anemiamay be an age-relnted phanom~non.,' 

ln!~2~!n~ 

Cadmium can rasult in damage to intestinal tissue. , H,')~ever, 

~~ the affects appear to he age related and are reduced i~ adult, 
'/ ,,' 

birds and ovar time. Lesion~ were producedin the small' ! " 

intestine of quail mailltainedon i\ diet of 75 ppm foz:· 4· veoksX:· .. 

(Richardson and Fox 1974). Day ~ld qUail fed 

2' d sboved degencr'ltion of absorptive calls at 

Quailf~d the samu dietary lavels for a longer 

1 ppm' cadmlu·.,,·:fo'r.:"· 

Y.ill OUS ti~~}<l{~ 
[:eriod '(14 JF,< t> 

. " ,',':!', ",1>' 

appearcd to adaptand only hall tho birds showed auy adv~r~~. 

histological efrects. 
, ' 

reduced any effects (Mason et al. 1977). 

. '",:,<:: :'.~ 
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The most common toxic eEfact of cbronic cadmium poisouLnq in 

man and experimAntal animalsis renal turùular dysfunction. 

Adverse changes in tubular function cause increase~ excrction of 

low molecular ~ciqht 91~bins and an in~rcase in urinary cljmium 

excr.etion. 

Whi te ct al. (197 B) found that consider.lble accumula ti\ln of 
'; : ~ ,: . .' .... ~.~:.'/ . 

dictary cad~ium in adult mallard tidne~s over anextended ~~r~od . ,,', .. . ; ,"',' '" ~ : 

is necessary to prolluce kidney damage.' Diets' of''-2 and "20 lj~lD·. 

did not causa any appre=iable rcual dam!gu, while 200 ppm caused 

slight to severe cellul~r d~generationan~ iucrease~ kidney 

weights after 60 and 90 d. • ~. >. 

similar results vere found in quail' anl1 chicks (RicharJ::>ou' 

et al. 1974, Prltzl et al. '1974). 
. . ,:.',,: 

"'-',' '<. 
/ . .. ..' !' 

", .. "" ',: .: 

Cadmium can ca usc acutc testicular necrosis in/ lI\'ammals ,anJ. 
similar effects have becn found in birds. . >,~: .. { .. ':\'.'''::,/!.:;::., 

. . .:; ; ""':.::~"'<' .. ~~:~:~~ .. :' 
Richardson et al. (1974) induccd testicularhypoplasiol:.·:'::,~!:,::·. 

. . '. " .. ~ . ':; : '; ':,.' ,::.: ';:'\:,=~:,,:">' 
feeding young q~dil aietary cadmium (75 ppm) during the~firit~4 

wt after ha t::hing. Spermatogcn ic cells fail~d t~' m~ tu~e :~'{:';:~:":"Vk 
of age but normal maturation occurre,l aft<.!r li vk. 
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Few reports ara concernca vith the cffects of cadmium ~u tbe 

female reproductive organs in eitlter mammals ot birds. Oao 

avian study using felllale kocl (1;;!Hl1!!~~.l~ !!~Q!.Q.Ei!~~) and a,', 
;' .. 

single injection of cadlllium (O. 15mg/kg) found a significa~t~ 

decrease in veilJht of ovaries anJ oviduct as, wull a.s coi,liudr ;:.::: 
, . 

destruction.~hisstudy 'rcporte~ a significant,~eduction of.~~ 

epinephrino in adrcnul tisSUG whl:h may hav~ Gupprasscd ~~uadal' 
',' !: .. ,,~~.'- , 

activity (Sarkar et al. 1975). 
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APPENDIX 1.0 

Cadmium Levels (ppm, dry wt), -- Free Ranging Bi rds 

Species 

Fulmar 
(Fulmarus glacialis) 

Manx Shearwater 
(Puffinus puffinus) 

Leach's Petrel . 
r. 

(Oceanodroma leucorhoa) 

Ashy Petrel 
. (Oceanodroma hanochroa) 

~ Wi1son's Petrel . 
~ (Oceanites oceanicus) 

Snow Petrel 
(Pagodroma miua) 

Stonn' Petrel 
(Hydrobates pelagicus) 

. Great Blue Heron 
. ' (Ardea herodias).-. '.-- .. : 

':":- : .. 
; . Canada Geese: ": .,-
. ' (Branta canadE!nsis) 

. Mallard 
(Anas platrhynchos) 

Black duck 
(Anas rubripes) 

Canv(!sba'ck '; . 
(Aythya valisineria) 

Greater Scaup 
. (Aythya mari 1 a 
nearctica) 

No. 

4 
1 

4 
1 

3 

10 

10 
10 

la 

4' 

1 

9 

6 
40* 

7 

5 

7 

Liver 
Mean Range 

29.0 9.1-50.1 
159 

24.0 14.6-39.9 
23.8 

33.0 20.6-57.0 

' .. 
:,': ..... 

Kidney ':c',:', :,',:,";,:;. Ref. l 

Mean·Range,.:': . 

125.9 

136.0 67.0-231 .. ::. 

. ...,' '~, .<:·,;~.'.:~:~:~<l,·· 
92.2. 68.5-128'.·',;';~:;((·;:1 

.) "'" ' 

39.4 
" .f, 

:', r-, • 
;--;;., t ... 

. ". ~ ',: 

. :3·::: ~ 
,', .;i: 
.' l' ~ 

7.07·(musc1e) .. 
(nest1 ;ng) .. ""':'-" ",', 

N.D • 
',1' ; . 

N.D. 
0.436 .379-.493: . ". ".: 1.954 . ':·1.922-L986'1,\tiA:11+ .:." ',':2~:t~ . 

'.' 

N.D. .... ~. 

: ... '.~' 

N.D.-7.14 :, .. ': .. :': ': 6+ 
;-'1, ,:', 

"'; . 

. ~ . . ,', 

"'0' •• 



(;',,: APPENDIX 1.0 Continued ••• (2) 
~>:;.'Jj 

Species 

Buff1ehead 
(Bucepha1a a1beo1a) 

White-wingedscoter 
(Me1anitta deg1andi) 

Scoter 
(Melaniita 

Ruddy Duck ',' 
(Oxyura jamaicensis) 

Sparrowhawk 
(Accipiter nisus) 

. Ruffed Grouse 
@~. (Bonasa umbe11us) 

,S. Is. Pied' Oyster -
" catcher 

(Haematopus ostra1egus 
, fi nsch; ) 

~ ~ Pied Stilt (Hi~an 
, ,:', topus 1 eucocepha lus) 

':Herring Gull' , 
~ ',' (Larus argentatus)' 

" B1ack-bac~ed Gu~~ 
, (Larus domi~icarius) -- , 

"Red-~illed Gull 
:(Larus novae ho11andiae 

, . s Coj?üTi lliïsJ,' , 

,Puffin ., 
: ,(Fratercu1a arctica) 

.... :, , 

Robin . C' (Turdus migratoriu~~:. 

Thrush 
(Turdus philome1os) 

No. 

4 

4 

1 

,8 

2 

1 

16 

23 

1 

34 

29 

3 
5 
8' 

1 

1 

Liver 
Mean Range 

N. D. 

N.D.-7.14 

23 

2.181.46-5.71 

7.29 

0.69 

0.46 

12.0 

2.18. 

1.02 

20.8 14.1-29.4 ': 
17.0 12-17 
8.72.9-22.3 

1. 94 

. 1 .'':'' 

- - --- - -- - -.-. - .-- -~-_. --- .:....:.~ 

Kidney Ref .1 
Mean 

32.8 

184 

3.70 

3.69 

.. 11.82 

8.37 

103.0 ' 
79.0 

.' 

'::.' : 

7.55 

387 

Range • - .... ,~! : • 

. ,:;' 
. '. 

" ,';.', 
6+ 

• l' • 

. " . 6+ 
" . 

. . 
:'. ": 

.... :,.\. 
" ... o, ..••. ", 

. .' ~. 

. . .. ~,' 
- '.:':Fr • . ' . 

. . . . . ,' 

" • , '1 

, , ~ ... 

.: .. 

, 75~ 1':'125::-
33-96 .' 

. ', ' ... 

",' 

12 

7+ 

5 

1 
3 

','. "~Y,t\.: 

2 ' , . 
.::: .. :~}(l 

8+ 

5 
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~~ APPENDIX 1.0 Continued ••• (3) 

Spèc1es No. Liver Kidney . Ref. l 

Mean Range 

Star1ing 1 2.04 
(Sturnus yulgaris) 51 0.20 0.179-0.7 

Mean- Range 

3.57 
(who1e body) .. "' .. 

8+ 
9+ 

Pureko 27 0.28 . 0.66 ,., '10+ 
. . (Porphyri 0 porphyri 0 
'. melanotus) ."". 

•• !. , ,., 
".' 

(. ,,'. 

',.' ~ ::. 

1 References: . ~,.~ .. 
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5. Martin and Coughtrey 1975 14. Hines]y et al. '.1976'> , .. ,.};~:?,: 
~'". 6~' Baker et al. 1976' Hi. ',Anderson and Van Hook 1973 ....:/:;;~'/'. 

',"7 •. White and Kaiser 1976 16.' Jacobs et al. 1977·'" ;;"""'0 ::~.~')!~' 

................ ~: . ~~~~~c~~ra ~~ ~J771974 17. Pd t.let a~:}?7~:3:'~~~;\1'i:~~!é 
:.:i/ Original data expressed as wet weight - assumed 72% moi sture.' 

:~ Experimental controls. - .. '.,' 
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~!~~ APPENDIX 2.0 

Leve1s of Càdmium in Kidney a~d Liver of Captive Birds 

Maintained on Dietary Cadmium 

Species (No.) 

. Mal1ard (40) 
('''nas p1atyrhynchos) 

Pheasants (45) 
(Phasianus co1chicus) 

Chipping Sparrows (6) 
, • (Spize11a passerina) 

'.~' . 

I,<:;Y~; Japanese'Quail (20) 
. ~,~. (0-14 d old) 

,.' ,(Coturnix coturnix japonica) 
.,'.;, .... :." 

leghorn chicken~(48) , 
" ;" : (2 weeks old). ' 

1 

Dietary Leve1 ppm 

2' 
2 

20 
20 

200 
200 

0.17 
0.33 
0.59 

0.30 

700 

Time 

30 d 
90d 
30 d 
90 d 
30 d 

.90d 

Kidney 

5.50 ";' 

. '. ,~'~416 .85 O
2 

.' :,;'., ',.' , 7. "';, " ," 
194'.04 ,", 

.\ '. 

314.29 ' " 
275.79 

.. "',. 

99 d, ~ 5~ 5'7.·:"l'~ 24' , 
99 d ". 8.66·;':L72:: 
99 d 9.41f:,:1.99,;:., 

',':' ',,'.' 
.. ~;", . .:;.\ 

, ,> 

.. 
. ,'- ( 

~ " 

>, 

,'.: 

Ref .1 

'.; '" ':.".~"'g' 

': : .::~.~I 


