
Lead isotopes in soils near five historic American lead 
smelters and refineries 

Abstract 

This survey orsoil lead in  tlic vicinity of old industrial sites examines how the stable isotope patterns valy among the sites 
iiccording lo the sources ol'the lead ore processed at each sile. Lead smelters ond refineries, which closed down decades ago, are 
the hi& orthis investigatioii. SRtnples were lalien from near live old fklory sites i n  Collinsville and Altoti (llli~iois), Ponderay 
(Idaho), East Chicago (Indiana) and Oiiialia (Nebraska). I-listorical records were searchcd tiir accounts ol' the sources ofthe lead. 
Lcad concentrations were tnel~surcd by atomic absorption fame spectropholo~netry, and slable isotopic analysis was done by 
plasma ioiiization mass spcclromeliy. Ar every site visited, retntia~its ol'thc old ihctories, i n  (erms orsoil lciid pollution. coiild he 
Souiid. I n  spite of potential co~nplicittions ol'varying smelter I'eciistock soiii-ccd lirm imincs ol'difFereni geological age, i t  w i s  

possible to intltch rlie isotopic patterns i n  the soils wilh the doci~nicnted soiirccs oftlie ores. l'lic i:r~ili~isviilc ; i ~ i d  ~IIIoii sites 
rcsemblcd Missouri lead. The Ponderay value w;~s liiglier than niajor 13u1iLcr I + i l l ,  ldali~ deposits, hit! C I O S C I  ((1 !IIC i i i i i i ,u  

riealby Orcille Cuunty, \I;asliington ores. Moslly Ulalr ore was used i n  Easi (:liiciigo. Tlic Onialin soil rellecls Ici~i li-o~ii Mtxico. 
Coio~.ailo and Molililoa. 
'0 2004 Elsevier B.V. All rights ieservcd. 

1. Introduction 

Today. the American leild itidustry opevales at only 
a A-action of its peak aclivity of' many decades ago. 
Elevated soil lead lcvels are often to be k)nnd around 
limner lead smelting and refining sites. This report 

'' 'l'cl.: 4-1 401 253 0642: fax: + I  401 253 1510. 
E-mail uddidr~c~,~,~: mial)iiiow(@mhl,cd~~. 

cxami~ies how tliis excess soil lead isolopiwly 
I-esc~nbics tlie iris~orically docitnicr~lcci soui-ccs 01' th;: 
lead urc p~ocessed at that parlicular Ihctory siic. 

Current produc!ion of lead is approximately ai 
levels last scen around 1910. Lead production 
peaked in the 1920s, with anni~ai production oi' 
refined !cad metal in the United States at nearly 750 
kt, more ihan twice current lcvels (see Fig, I ) .  At 
that tirnc. 21 primary smelters and I-efineries were in 
operation ( (h i ; : .  !'1?7). Since then, the uses of [cad 
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Fig. I .  Annual prinmy prodeclioil ai' refined icad in llic Utiilcd 
Statcs over llie post 140 ycno. This lnld is lmostiy koin doincstic 
oiincs, biil imporled orc and bidlion lrfinod in Illc Unitcd States are 
inclodal. Scrap or recyclcd icad is inot. Dala arc conipiled fioiom tlic 
US Rorcao or Miiics Annual Minosis  Ycarbool<. 

in paint pigments and as a gasoline additive have 
been eliminated. Lcad plunibing and cable covers 
have been largely replaced by other inaterials. 
Generally, there has been less demand for lead. 
The major use of lead today is in batteries, wliicli 
use recycled scrap, rather than newly mined, lead. 
Production has continued only at larger and increas- 
ingly efficient and expensive factories. As a result, 
there are fewer operating s~nelters and refineries in 
the United States. There were 7 in 1973 and only 3 

primary lead snielters and rclincrics operating ill 

0 9  ( S i  I )  producing aho~ti -350 lkl'yca 
This tally is distinct from secondary sniellers, wl1icli 
deal in scrap or recycled lead items. Tliosc oper- 
ations wel-e ~nuch smaller and moi-e ~iuiiicrous (Eckcl 
C I  al., 2001). 

The lead factories, which closed down decades 
ago, are the basis of this investigation. Historical 
records and field samples have been used to trace the 
lead from mines to smelter, where tlie ore is roasted 
driving offsulfur and convelied to bullion, and onto a 
vefine~y for conversio~i of the bullion into lead ineta1 
(I-l;illows, 1943). This refined lead metal was used in- 
~naking plumbing, electric cable covering, storage 
batteries and the manufacturing of white and red lead 
for paints and pigments and numerous other applica- 
tions. Lead in its different grades of purity and fortns 
was used in practically evety community in the 
country (Cranc., 1927). 

Pail of the ralionale for this study is tlie wide 
variability of isotopic abundat~ce ratios aritotig iltc 

LILIII OC four stablc isotopes of lead i'ound i n  d i W .  
bodies worldwide. Ore bodies whicli were fbmied a t  
differcnt geological tiincs would have dit'ferent 
amounts of primeval lead, prcsent when the Earth 
fonned, plus lead produced as an end-p~.o.duct of the 
radioactive decay of uranium and thorium over t l ~ c  
liistoly of the Earth up until the ore body was formed. 
These isotopic patterns have been well studied and 
in1de1-stood (Doe; 1970). These differences oftcn 
allow lead to be traced and distinguished, which has 
proven useful in geochemistry, environ~nental health 
and archeology (Rabinowitz, 1995). 

'l'ahle 1 shows the major lead producing states, their 
an~iual outputs during the peak years and the range of 



. . . . . . . 
Sonic enarnplcs of piibiisbcd isotope ratios from major mining disvicts 
Mining region Snmple and referciicc Reported 20"~b/20'~b and 2 n 6 ~ b 1 2 0 7 ~ b  ratios 

Missouri Wecculaneum MO Smeller Rabiiiawitz OD 20.2 1.32 
Doc R i ~ n  Mclal Rilbinowitz 03 20.8 1.34 
Galena KS slog Rabiiiowirz 03 21.6 1.55 
Picbcr OK om Cnoiion 63 22.0 1.37 
Avclnge SE Missouri om llcyl 74 20.8 1.30 

Idaho Buiikw l l i l l  Mine. Cocw il'Alenc Lencli 98 16.2 1.06 
Stnr Mine, Coeui d'Alc~~e L c i ~ i i  98 16.2 1.00 
Average o r 4  Bwkw i l i l l  Ingois Rabiiiowitz 03 17.0 1.09 
Average of 4 I'CIK~ Oreille WA lmines Sinill1 73 17.4 1 . 1 1  

Moniawi C o i m  Mine Muitliy 61 18.1 1.14 

Doc 68 17.9 1.15 
Calorsdo LcadvillclGilman lliiiic Doc 74 17.8-182 1.14-  I I ?  

Lcndviile mines Gmey 96 I I5 1.17 

L.o!<c City. Riiiiows k i r k  Sanford 92 18.2 1.17 
1Jtal1 Tooelc Snicilei slag Rahinowilz 03 17.9 I l j  

Mi<lvele Sincitei soil Rnbinowilz 03 17.9 1.15 
Uiiigliam, Lark m i n u  Slacey 68 17.7 1.13 
I'wk Wy. Apex minc Siaccy 68 17.9 1.14 

Mexico Tuco 0% Cumlning 79 18.7 I .20 
Zacatccns orc Cummieg 79 18.8 1.20 
Sunin Eulalia ore J a m s  93 18.5 1.18 
Tsscatilo orc J a m s  93 18.7 1.89 

isotope ratios typically seen. The tonnage figures were 
compiled fiom the United States Bureau of Mities 
Annual Yearbooks. Although there were lead produc- 
ing mines operating in more than 20 states, 3 states, 
Missouri, Idaho, and Utah, taken together, produced 
more than tht-ee-quarters of the lead ore. 

The isotope data in l'riblc I were compileci from tlie 
Lead Isotope Data Bank (Doc. 10%), Dot atid Staccy 
(l974), l)occi al. (l970), llcyl ct al. (l974), l.ctldi ct :~l .  
(IWX), Staccy el al. (IOhS) and Le~uiian (1074). The 
h l l  range of observed values for a state is not shown, 
but sather only tlic range of the inajor deposits is shown, 
excluding outlier values which tiiay he of geological 
ititcrest, but iiot representative of tlie bulk of tlie ore 
mined. I'ahlc 2 shows some illustrative examples of 
published values of lead isotope ralios for a variety of 
salnples from these different states and Mexico. Within 
a single n~ining district and within a single mint, the 
isotope values do vary (Doc and Slsccy, 1974), but 
general trends are apparent. Overall, larger deposits 
11ave less variable and lower 20"~b/20?b ratios. 
Genet-ally, the 2"?b/2"4~b ratios of Missouri ores fall 

within a range of about 20-23, while for ores itom 
Colorado, Utah atid Monrana the values fall between 
17.5 and 18.5 (C:an~ioii and l'icrcc. 1903; Doc ci al., 
l(1hX; Cirmey et al., 1990: S:infi)rd, 1002; Untn11i ct al.. 
2000). Mexican ores have somewhat higher and ldaho 
ores lower 206Pb/'04~b ratios (.lames ntid I-ic~iry. 1003). 

The other basis for this study is (he long lcrm 
persistence of lead pollution in soil ( ( ' 1 1 . i ~ ;  a , !  , I ; .  

1 W ) .  Lcad li.otii J'nctory operations. wliicli Mi iw 
soil, is poorly soluble and will bc reiaii~ctl hi- iliati\ 
cctituries. Unless the site has been physically e x w  
vated or covered, lead added decades ago should still 
he present in tlie topsoil. 

2. Area descriptions 

Fig. 2 is an outline map of the United Statcs 
showing the major lead mining districts and the 
location of the five smelters and refineries sampled. 
Major lead tiiiniiig districts are shown in Southeast 
Missouri and the Missouri-Oklahoma-Kansas bor- 



Fig. 2.  Map o r  thc Uuiicil Stoics sliowing tlic f v c  indiislrial sitcs sampled (P for Ponilcray ID. 0 ror O~nal~ i l  NE, A For Aliu~, IL, C I'or 
Collinsville IL ilnrl I? Ibl. Eaa Chicago IN). Major Icad inining districts arc sliown os shodcd arcas in Suutheasl Missoiiri mid Ilk Missoori- 
Oklalioma-Kaiisils bordei: two amas iii Colomdo ccnlcscd in Durango and in Leadville, illscc closc-by districts in Utah iii Bingham. Pail< 
Ciry and Tintic, and the Cocw d'AIcnc district ih Nonhm-n Idnlio. Smallci dcl~osits wui: incar tlic Calilbsiiia-Ncvaria hordm: iii Soutlicrit 
Arizona and Ncw Mexico, Noitl~east Misl,iiigtoil, and along the llliiiois-Wiscoosiii bolrlcl: Thc Tooele mid Mi1fi)i.d. U'r siiicllcr rilcs arc 
si,own with ii T and M. 

dcr, Colorado, U t a h  a n d  in Northern Idaho. S ina l le r  Wash ington a n d  a l o n g  the I l l ino is -Wiscons in- Iowa 

deposi ts we re  near  the  Ca l i lbnr ia -Ncvada border, in border. Tabli: 3 p rov ides  a n  o v e r v i e w  o f  the l i v e  si les 

Sou the rn  A r i z o n a  a n d  N e w  M e x i c o ,  N o r t h e a s t  invest igated, t h e  corpovate  names  a n d  years of 

Five pl-imwy lcad sniclien and i.clii~ei-ics siiinplcrl 

Location Coinpany i i m e  Brand i i a n x  Opcmlion Years of operation Ycnrs closcd I'rilnnry soui'ccs of oie 

Collinsville. NL SI, l.oois SIIIEI~CI. 1904-1938 66 Missowi 
IL  refinery 

Ailoii, I L  ASARCO Fcdcial SIIICIICI. 1902--1959 45 Missouri 
icii~,c>y 

Pondcmy. ItialiO Idnlio SIIICIICI 1907-1911 93 I-ocai mines iiwliidiog Nl7 
I D  S&R Co. Wasliington 

Easl Chicago. lLR Aiiirconda ictiocry 1912-I948 52 Utah mostly, some Muiiianil 
IN  EP tinel- IEP minciy 194-1952 and pcrliqi'sivissoiili 

I048 
O,n8ha, NE  ASARCO 0 and G refinery 1899-1997 7 Mia o f  Colorailo. Lllali, 

Moiitii~ia ;id Mcaict, 

ASARCO=Aniei.icsn Smelling and Rilininy Co.. NL=Notinel L.ei,d. lLR=liitcriiotioim Lcail Snicliing and l lclining Co.. l i t '~ l :npi i~ i'iclii~i. 0 

;led G=Om;ilia and Grant. 



operation. Table 4 gives details of the soil sampling 
locations at each of these sites and the current land 
USE. 

The St. Louis Refining Company established its 
lead refinery in nearby Collinsville, Illinois in 1904. It 
soon became part of National Lead (NL), also known 
as the Lead Trust. The facto~y closed on November 
21, 1933, followiiig a labor strike. The equipment was 

The lead ore for this smelter came from South- 
eastern Missouri, across the Mississippi Rivel: That 
a m  produced inore than 40% of domestic lead ore 
during the twentieth century and remains productive 
today. Because most niarkets for lead metal at that 
time were to the east and becaose tolls across the river 
favored shipping ore east rather than shipping fuel for 

the smelters westward, tliis large operation was sited 
in Illinois, near coal mines, rather than near the lead 
mines. Zinc works, which were even more fuel 
dependent, had been at the site since 1873 (i\jorh~i. 
1812). 

These Missouri lead ores have low silver content, 
and so it is unnecessary to refine them extensively to 
extl-act the silver, in contrast to the coniplex ores more 
typically found in the Rocky Mou~itains where silver 
is a valuable by-product. For those complex ores, a 
multi-slep melallu~~gical extractioii pl-occss \\:IS 

sequircd. However, the C:ollinsville Ibclol-y. and tlic 
similal- works in Alton, -was conibiiicd sincIlc~.-- 
refinery opesations, since tlie refining part of tlic 
operation was relatively simple (Ellis, 1031,). 

'Today, the Collinsville smelter siie is in a 
residential area, a suburb of St. Louis, with well-Itept, 
single farnily homes. llli~iois and Fedel-a1 officials 
have said topsoil may need to be re~noved to protect 
citizens. S l q  piles werc aicountered as tlic siie was 

Sanii~lc locations and cuircul iand use 

Loc:~lion I D  li Strcct addrcss k t .  "W Long. "N Date collected Cuircni land use 

Colliri.sviile, l L  
386 1608 Califol-"in 38.6871 8L1.956 June 03 vacant 101 

387 Raln~y Ptwk 38.6891 8'1.968 pad< 
388 100 Pine Lakc I<d. 38.6904 89.961 old gatc liousc 
390 81: Piiic Lakc Di- 38.6917 89.969 home 

. " 

382 wesl of Chcssen Ln. 38.8745 90. 140 
383 wesl of main galc 38.8792 90,147 
384 by mnin gaw 38.8786 PO. 146 
385 cnd ol'Cul Sl. 38.8780 0 0  145 

E m i  Chicwp. /A' 
498 4912 McCook A x  4 1.6242 87.466 Milrch 00 i.:ic:ini 101 

499 427 E I40 St. 41.6236 87.467 iioiisiiig coiiiplex 
50 1 Goodman l'nik 41.6258 87.470 ~p:lil< 
502 Gooilman Pa1.k 41.6261 87.469 pail< 

Osioho. NE 
376 4050 Avc. F 41.2674 95.914 June 03 lbomc 
378 Levcc N o f  1 480 41.2621 95.919 conservatioli 
379 Lcvcc N o f  1 480 41.2617 95.919 c ~ ~ ~ s e w a t i o n  
.380 Levce S of' I 480 41.2590 95.919 coiwivation 



developed for housing. The officials have focused on 
a 150 acre tract averaging 1300 pglg, well above the 
20-35 pgig level taken to be natural and safe and 
above tlie current Federal Environmeiital Protection 
Agency guidance level for residential soils of 400 
pglg (Picrcc. 2003). 

The Federal lead worlcs in Allon fittther north 
along the Mississippi, and also in Madison Coonly, 
was begun by American Smelting and Relining 
(ASARCO) in IW3: Thissiie was  chbse<bec$seii 
providcd high ground to protect the smelter from river 
flooding and "plenty of swamp area adjoining to get 
rid of the slag quickly and cheaply" (A~inn.. 1936). 
Other industries were already well established in the 
town including glass and steel works. In 1913, a bath 
house and mandatory clctl~ing changes were provided 
for worker lhcalth protection. After several expansions, 
by 1926 the Federal plant was the largest lead smelter 
in the world (Ellis. 1926). By 1936, 40 acres of 
swamp were 40 ft deep under slag, made at 200--500 1 
daily, amounting to 2.5 MI since the plant began. For 
decades, the entire output of the plant was used Tot- 
telephone cables. The smelter closed i n  1959 when 
plastics replaced icad in the coating for wircs and the 
plant switched to stiieltitig alurnitnm befo1-e closiiig in 
1981 (Klopc, 1986). The location today is an unused, 
overgrown site within an area devoted to heavy 
industry, awaiting economic reactivation. 

By I900 Idaho was s major icad, zinc and silver 
mining area, producing about 114 ofall  domestic lead. 
Mostly, it was along the Coeur d'Alene River During 
the early history of  this district, the ores were 
transported to ASARCO works in Leadvilie, Colorado 
(open since 1879), Sclby, California (opcned 1898) or 
Tacoma, Washington (opened 1896) for stnclfing and 
refining (Aikcii, 190.3). Not until 1917 was the large 
Bunker I-(ill smelter and refinery built in Kellogg, 
Idaho. Several small smeltcrs operated u~ilil then: 
ldaho Smelting and Refining Company in Ponderity 
from 1907 to 191 1, tlie North Fork Smelling and 
Mining Company in Enaviile Croln I910 to 191 1 ,  tlie 
Red Bird Smelter Company in Clayton liom 1912 to 

1916, the Letnhi Smelter Company i n  Nahn from 
1910 to 191 1 and the Greyhound Company in Sea 
Foam in 1910. These small works all ceased as thc 
smelting operations consolidated in Keilogg in ordcr 
to handle ilie output th tn  the prodi~ctivc id;~lio iiiiiics. 
The Bu~iker I-lill smelter operated w i i l  198 I .  O l ' t l ~ ~ w  
several small operations, ouly Ponderay was visiled. 

Currently, the Ponderay smelter site is marked by ;I 

slag pile along tlie lake, which was the major means of 
area-wide transportation. Ponderay is about 80 miles 
from Kellogg. Old rails related to plant operations are 
still present, nearly a cetituly latel; on the top of the 
slag h&ap by the Ialte: During liot wcatlie~; th is  is a - -  
popular swimming and picnic spot in a reside~htial 
area. 

This site is in an area of heavy industry. In 191 I 
International Smelting and Refining Company (ILR), 
a subsidiary of Anaconda Coppei; constructed tliis 
refinery in East Chicago, Indiana, near Chicago, 
Illinois, to process lead bullion from its smeltcrs iii 

Tooele, Utah, and from tlic ASARCO snicltcr in Fasi 
I-lclena, Monlatia. The Tooclc hu l l io~~  was casl i i i  li)ui.- 
ton slabs and the East lielcna bullion in  100-I0 harh. 
both arriving by rail. The lead bullion was de-silvcred 
and relined to make nearly pure lead anodes (.loIiiiso!i. 
2 )  Some of these anodes were electrolytically 
converted to white lead (a hydrated lead carbonate) at 
tlhc same East Chicago factory, for use as lead paint 
pigment, sold under the Anaconda label (I~IcckcI, 
1034). Zinc oxide, silver and ilnti~nonial lend wcrc 
also produced, besides lead metal. 

Large steel tnills and chemical i'actories were i n  
this area and the itii~ncdiate neighborhood in East 
Chicago hosted other lead works. In 1910, US 
Smelting and Refining (USS) had built an electrolytic 
lead refining works, less than a mile away from the 
ILR factoty. However, until it closed in 1972, during 
lnost of its life, it was a secondaty smelter pt-ocessing 
scrap lead metal, often from baiieries. Only iead 
refined directly from iead ore, not secoiitlary scl-ap 
lead, was used to tnaltc corroding grade lcad, essential 
for the prodtictioti oi'whiic icad pain!. This liiyh pui-ii) 
grade ol'lead nictal was caIIcd cot-roding bc~iiitsc iiiosi 
white lead was inade by corroding the metal. For 
white paint to be satisfactoty, it had to be free of 



impurities, which might affect the color, so this 
premium corroding grade of refiined lead metal was 
mlunufactured. Within 10 miles of the ILR refinely in 
Calumet, lllinois, the lai-ge Sherwin-Williams Paint 
Co~npany operated corroding sheds (1 91 9.- 1953) 
whel-e white lead was made fiom lead metal. The 
Glidden Cornpany operated a litharge and red lead 
pigmenl factoiy within 2 miles of the ILR I-efinery, in 
Wammond, which required lead. Many other custom- 
ers for lead metal operated in this industrial area. 
Eagle Picher (EP) briefly owned the ILR refincry 
operation for 6 years hetbre it closed in 1952 

including cxtc~lsive soil excavation and replacement, 
it has been a Federal Housing and Urban Develop- 
inent housing complex. Today, the old ILR Anaconda 
hctory site contains several spa]-tmcnt housks and a 
recreation building (the old zinc works). Additionally, 
a park with playgrounds was created from the 
Northern end of the factory site. The immediate 
surrounding neighborhood is economically depressed, 
with sunall multifamily housing. 

The lead hirllion for this tef i~my came largely l b m  
the ILR smeller in Tooele, Utah. Since the 1870s, lead 
ores fiom various mines in Utah were smelted in Salt 
Lakc City, a valley. However, law suits by famlers 
Forced smelters within Salt Lake City to close. So, in 
191 I, ILR began construction of the Tooele sinelter in 
the next valley, to handle local ores from 15 ]nines in 
the nearby Binginam District, Park City and Tintic, 
and also some ore concentrates lranspo~ted from 
Idaho and Nevada inines. The Tooelc s1neI1c1- closed 
in 1974, long after the East Chicago refinely closed 
(l:~~llll~l\~y. I Wh). 

The first lead rcfincry in Omalia, Nebraska was 
started i n  1870, and by 1885 these was a whilc lead 
factory (I lcckcl. I 034). The lai-ge Omaliil ASARCO 
plant was not built until 1899. It was named 
"Omaha and Grant" aftel- its builder, James B. 
Grant, Late!- Governor of Colorado. I t  was a 
refinery, the n t i g  having been closer to the 
mine sites around the West. This placed the refinery 
on the rail lines,closer to the Eastern markets. I t  
received lead bullion Corn widely spread ASARCO 

smelters: Leadville (1 879-1 961) and Du~ango, Col- 
orado (1882-1938), Midvale, ULali (1 905-1958), 
Chihuahua (1 907-1 938) and Coahuila (19 13-1938), 
Mexico, El Paso, Texas (1886--l985), which also 
smelt Mexican ores along with some lead ore from 
Arizona and New Mexico, and East Helena, 
Montana (1889-April 2001). Of these, only the 
East Helena sinelter was still operating when tile 
Omaha i-ctine~y closed in December 1997. For 
those few yeal-s from 1997 to 200 1 ,  that bullion 
was sent to Mexico for relining. The Omalia 

. .  . 

November 1999, ASARCO was bought by Grupo 
Mexico S.A. de C.V. The plant emissions have 
i~npacted a large part of the city of O~iiaha. 
requiring remediation of 8840 acres with 66.51' 
residents and 20 lpublic scl1ools. hccauw i l icir so i t  

lead levels exceeded 400 I ( i l b  iH',?. . i t i h . ) .  

'The samples reported here werc titkcn fi-on1 Jusl 
East across the river in Council Bluffs, lowa, less 
than I ltnl away. 

3. Methods 

Soil and slag sa~nples were taken from the top 2 
cm, typically five 20-g samples fi-o~n over an area of 
I m2 using a plastic scoop, choosing spots with 
niini~nal vegetation or influence by any nearby 
structure or road. These samples were dried, hand 
c~uslned, and coarsely sieved with a I-m~n ines11 
stainless steel screen. Tlic lead was extracted using 
10% nitric acid at room temperature for 2 days. 
Aliquots were diluted for atomic absorption ilame 
spectropi~otoi-iiety with background cob-I-cctior lo 
deleminc Llie Icatl co~nco?lialio~?s ol' 111c solirlioii. 
The I-csulls are cxpscsrcd as I PI,'? I w i i  
~ilatcl-ial. Wlicn ;h~iorniaIly Iiigh v;iliics wcic Ibiii,,i. 
for example, more than 1000 pgig at a site of an  d d  
lead factory compared to natural levels of less thaii 
50 pglg, and in the absence of other potential 
sources like highways, bridges, buildings and other 
iildustries, it is assumed that essentially all of thc 
lead in the sa~nple came from that factory. 

'These samples, thought to reflect the emissions 
from tbc fiictories, were then further diluted fbr  
isotopic analysis with a single collectoi; scctor lield 



mass spectrometer using plasma ionizatioii (SFICPMS, 
Finnigan MAT model Elemelit 1) by Laiy Bail of the 
Woods IHoic Oceanographic Institute. Quality assur- 
ance was addressed using National Institute of 
Standards and Testing standard reference niaterial 
#981 analyzed along witli each batch of samples. 
Ten assays gave a mean value 2 0 " ~ b / Z n 4 ~ h  of 16.94 
(S.D. 0.01), 2 " ~ b / Z 0 7 P b  was 1.0933 (S.D. 0.0006) 
and 2 " ~ b / 2 0 H ~ b  was 0.4615 (S.D. 0.0002), which is 
indistinguishable from the certilied values of 16.93, 

4. Results 

l j b l c  5 contains the soil lead concenl.ations and 
isotopic abundance ratios and Fig. 3 provides a scatter 
graph of the isotope ratios. Only the samples with the 
highest lead concentrations at each site were sub- 
mitted to isotopic analysis. At the Collinsville and 
Altan sites, similar patterns are apparent. I-ligh 
concentrations could be found, and the isotope ratios 
rcsemble Missouri lead, with 20%/2"4Pb ratios well 
above 20. These values are entirely consistent witli rhe 
snrvcy of Southeastern Missoiiri ores reported by 
I-Icy1 ct i l l .  ( 1974). They reported an average of 13 1 
ore samples of 20.8, ranging @oni 19.96 to 2 I .46 
('hhlc 2). 

The Pondewy value of 17.7 was nearly exactly 
the same as what we found for one of the Bunker 
Hill ingots, cast in 1950 (Ilahiiiowiir, 2002), 
although highec than the values seen in the large 
Coeilr D'Alene lead ore deposit, which are closer to 
16.2 (i.e;~cli ci al.. I W S ) .  This indicates lliot most 
of thc lead o1.e came from outside the extensive 
Coeur d'Alene deposits, which are about 80 miles 
away. More likely, the ore came from minor 
deposits from tiearby Pend Oreille County, Wash- 
ington, only 30 miles away by water, which are 
reported lo average 17.4, ranging froni 16.5 at the 
Newport mine to 18.8 at the Halfmoon Lake mine 
(sl l l l l ,  1073). 

The soil isotopc val~ics i'roni East Chicago, with a 
2""~b/"'"b m a r  18.5, are not consistcnt with only 
Utah and Montana ores as sources, but rather could be 
accounted for by a mixtiire of about four pal-ts lcad 

TilbIC 5 
Soil sniiiolc I cX  dam 

kom lltali with a valw less than IS, or Moiiialia will1 
"'%~~"'?b values near 18, witli about one 1pei.1 lwd 
froni Missouri, which has a ratio above 20 (l':il~li, 1). 
In that, Missouri was the lalgest lead prod~iccr and 
was iiiilcl~ closer than Utab lo East Chicago, and Eagle 
Piclier (EP) had large lead interests in Southwest 
Missouri Tri-State area, this addition of Missouri lead 
wonld not be surprising. 

The Omaha soil 206Pb/204Ph values near 18.5 or 
18.6 are not far from the one Omaha and Grant ingot 
sample reported as 18.1 (Rabinowitz, 2003). Over its 
decades of operation, that refimry rcceivetl va~ying 
amount of lead from smclters i n  Mexico, Colorado, 
Montana, Texas and Utah depending on tariffs and 
mine outpuls, so its isotope value would no1 stay 
constant but would vary over a range. A similar 
pattern was noted at the Selby, California sefincry 
where sonsces of lead ores varied over the many 
decades of operation and a particular batch of metal 



was isotopically different fi.om acc~iniulated factory 
effluent seen in nearby soils (Rahino\viiz and 
Wc11ic1-ill, 1'172). 

5. Discussion 

In a previous report (Rilbi~iowitr. 2 0 0 2 )  on 
variations of the isotopic coinposition of different 
Alnericati brands of corroding grade lead, the purity 
grade used to inake lead paint pigments, data from 
lead metal products m d  also some soil were pre- 
sented. Those represented iuetal samples from five 
brands (Bunker Hill, Doe Ron, Eaglc Picher, Omaha 
and Grant, and Selby) and soil values from four 
brands (Doe Run, Eagle Pichel-, International Lead 
Refining, Peilll Amboy and USS Electro), hi this 
surve): we provide soil data for five additional lead 
smelters-refineries, one of wl~ich, Omaha and Grant, 
we previously had repoiled a metal value. Taken 
together, all of tile rnajor primary smelters and 
relineries have been examined. 

In reviewing the isotope ratio I-esul~s fioin these 
five sites, considerable variation can be seen ('fiiblc 5). 
The two lead refineries in Illinois both had contami- 
nated soils, which reseinble nearby major Missouri 

lead ores (-Sable 2 and Figs. 2 iind 3) .  The Ponderay, 
Idalio site did not resemble lead from the major Idaho 
lead mining district near Coeur d'Alenc, bill likely 
came horn closcr minor deposits in Pend Oreille 
County, Washington. The East Chicago ILR Ana- 
conda lead refinery soil I-esembled a mixturc predo~ii- 
inantly of Utah and Montana lead ores, but it also had 
some lead from Missouri. The soils from near the 
Omaha refinely reflect the different mixtures of lead 
bullion, fiatn Utah, Mexico, Colorado and Montana 
ores, which were processed therc. 

The difrerent factories are not each isotopically 
. ... unique' (Talilc 5 ) .  That is, the rangcs o f  valncs -of 
some of the smcltel-s do overlap. 'Tile sysienia~ic 
isotopic variation among the retincries is !he rcsiill 
of  lead ores of' dilli-rent geological ogcs bciiig i r e d  
Assigning potential sources of iead ores lo a sineiter 
soil is ~iecessarily inexact because of t l ~ c  variation 
of isolope ratios within a single mining district. No 
single number can be used to describc fi~lly the ore 
fi-om an area; rather a taiige of  possible valiies is 
appropriate. So, even if isotope ratios in all the soils 
around a factory site were exactly the same, exact 
apportionment among polelitid sources is iioi 
possible. 

This is a small study in terms ot'tlie number of soil 
samples examined at each site. For example, oiily one 
sample was analyzed from Ponderay. Therefore, 
generalizing about the whole history of a ractory 
based on a single, perliaps unrcpresentative, slag 
sample would be inappropriate. 

Because the economic activity of bringing lead 
koin afar to a facloiy can distort the nati~ral isolopic 

'I1 lscs to composition i n  its vicinity, the oppoi-lunily , .' 
distiliguish this anthropogenic lead li-oin sill-roiiiidi~ig 
ambient lead. This ability to use lcad isotopcs as iin 

inherent tracer to follow (lie dispcrsioi~ and upiakc i)f  

lead lias proven useful. As one exaniplc, Ciiils<~ii L,I ; i I .  

(2003) cxamined teeth and environmental samples 
from an Australian co~rnnunity with a prinia~y zinc-. 
iead smelter. Fro111 tlicse, they could estimate the 
impaci of the snieller. That rcsearcli teain examiiicd 
blood and milk from woincn wlio had i~iovcd helbre 
pregnancy ti-on1 an area of din'creni pl-cvaili~~g IcaO 
isoropic abundaiicus, allowing ihcni io ohscl-vc I l ic  

inovement of' sltelelal lead during pregnancy ii i i i l  

lactation ((ii~lsoii ct al.. I )  Siinilar teclniology 
was used by Mnrskdl cl al. (10f)6) Lo nicasure the very 



s l o w  vertical m o v e m e n t  of l e a d  in diffel-elit types of 
soils at Ro~nan and Mediaeval smelters in Br i ta in .  

I l a n s m n n n  a t id  KCippcl (2000) could distinguish 
b e t w e e n  l e a d  in S w i s s  soils t h a t  came fi-om coal fly 
a s h  and lead koin gasoline additive u s i n g  t h i s  s t a b l e  

i s o i o p e  m e t h o d .  Under t h e  r i g h t  c o n d i t i o n s ,  stable 
isotopes provide a usefirl tracer or source iden t i f i ca -  

t i o n  technique ( R a b i n o w i i z ,  1995). In t h i s  study, no 
s a m p l i n g  of the u n p o l l u t e d  or b a c k g m u n d  a l i ib ien t  

lead i s o t o p e  r a t i o s  around these t i c t o i y  s i t e s  was 
performed. So, i t  is no1 p o s s i b l e  t o  say if any of t l tese 

s i t e s  would provide isotopically anomalous lead, 
- -  .... .. ...-. ..,. 

compa1-ed t o  each onc s own surroundings, a i t C l i e r i c e  

be p o t e n t i a l l y  usefiil as ti-acers. 
I t  is noteworthy that ,  although these indus t r ia l  sites 

have been dormant for many d e c a d e s ,  soil s a m p l e s  

with elevated l e a d  levels could e a s i l y  be o b i a i n e d .  

This ~ztlects the i m m o b i l i t y  and persistence of l e a d  in 
soil (Cliancy e l  al., 1989). T h e  isotopic patterns of s o i l  

lead are c o n s i s t e n t  w i t h  the docutnented sources ofthe 
o w  used by each ref ine ty .  
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