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Many elements such as mercury, lead, and chro­
mium exist in portland cements at very low levels. As 
the cement hydrates, these elements potentially be­
come leachable from the concrete products. Results 
from studies will be presented to show the concentra­
tions of leachable elements and implications for health 
effects, 

(This presentation summarized material out of 
the previously published work 'Teachability of Se­
lected Chemical Elements from Concrete", which was 
first published in the Proceedings of the Emersins 
Technologies Symposium on Cement and Concrete in 
the Global Environment, Portland Cement Associa­
tion Publication #SP114T, 1993, The paper is re­
printed here by permission and courtesy of the Port­
land Cement Association.) 

Sunmiary 

E i g h t Portland cement concretes were made from 
four cements and two aggregates, one sihceous and 
one csdcareous. A concrete cylinder f rom each was 
crushed according to U.S. Environmenta l Protection 
./^ency SW-846 protocol and tested by the Toxicity 
Characteristic Leaching Procedure (TCLP). I n addi­
t i on to eight elements specified i n the Resource Con­
servation and Recovery Act - arsenic (As), bar ium 
(Ba), cadmium (Cd), chromium (Cr), lead (Pb), mer­
c u r y (Hg) , se len ium (Se), and s i lver (Ag)) - the 
concentrations of four other metals were also deter­
mined : ant imony (Sb), berylhum (Be), nickel (Ni), and 
t h a l l i u m (Tl). Analysis for most metals was performed 
by graphite furnace atomic absorption spectrophotom-
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etry to obtain the lowest possible detection l imits con­
sistent w i t h sample compositions and analyte concen­
trat ions . Results indicate m e t a l concentrations i n 
leachate are a l l less t h a n one - tenth RCRA regula­
tory l i m i t s , and many concentrations are below de­
tection l imi t s . Chromium T C L P cement values cor­
relate w i t h concrete leachate values whi le lead val ­
ues do not. 

A second series of leaching tests was performed 
w i t h deionized water i n place of acetic acid solution. 
These tests are called "water leaching by TCLP pro-
tocoF i n th is paper. Four of the concretes represent­
i n g both aggregates a n d two of the cements were 
tested by this procedure. Analysis of the concrete ex­
tracts was per formed f o r the same twelve meta l 
analytes. Concentrations of metals i n water leachate 
are generally s imi lar to or lower t h a n concentrations 
i n acid leachate. 

A t h i r d series of tests was performed on a l l eight 
concretes generally fo l lowing ANSI /NSF 61 to simu­
late leaching w i t h d r i n k i n g - q u a h t y water as would 
occur i n a munic ipa l water supply system. Concen­
trations of As, Ba, Se, and A g were nearly a l l below 
detection h m i t s a n d w e l l below N S F specification 
maxima. Concentrations of Cr, fluoride, and nitrate 
were aU below NSF specification maxima. Despite pre­
cautions to work w i t h h i g h - p u r i t y reagents and u l ­
t ra -c lean vessels, control samples showed H g and Pb 
levels ind i ca t ing probable contamination from the 
vessels used for soaking the concrete cylinders. This 
work points out how di f f i cult i t is to perform these 
tests when report ing l i m i t s are required i n the s u b -
parts -per -b iUion range. 

Background 

This report examines two issues concerning the 
leachabihty of trace metals f rom concrete: leachabil­
i t y of crushed concrete specimens w i t h di lute acetic 
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acid a n d water fo l lowing the U.S. E P A Toxicity Char­
acteristic Leaching Procedure, and leachabihty f rom 
whole concrete specimens w i t h synthetic d r i n k i n g 
water fo l lowing A N S I / N S F 61 procedures. The p u r ­
pose of th is work is to determine i f selected metallic 
elements are leached i n signif icant quantities and to 
begin to understand the differences i n results f rom 
leaching tests r u n on the same concretes according to 
different protocols. Issues include 1) whether leach 
tests on concrete batch components are additive and 
whether such tests can be used to predict the leachate 
composition of the hardened concrete; and 2) how does 
particle size affect leachate concentration. 

Experimental 

Cement 
F o u r cements were chosen f r o m among the 

nearly 100 cements submit ted for analysis and re­
ported i n the Por t land Cement Association pubhca-
t ion A n Analysis of Selected Trace Metals i n Cement 
and K i l n Dust (PCA Pubhcation SPl lO) . These ce­
ments were chosen to represent a range of leachable 
metal concentrations, various cement manufactur ing 
process types, and fuels used. Cements from par t i c i ­
pants 27, 6 1 , 82, and 84 were selected and the data 
for t o t a l metals and T C L P metals were obtained f rom 
that report . Table 1 indicates the types of cements, 
manufac tur ing processes, raw materials , and fuels 
used to make these four cements. Tables 2 and 3 show 
the physical and chemical properties of the cements. 
Cement f rom part i c ipant 82 is an A S T M C 150 Type 
l A (air entraining) cement and the other three ce­
ments are either Type I or Type I I . Cements 82 and 
84 were made using supplemental waste fuels. 

T o t a l and T C L P trace meta l concentrations for 
the cements are shown i n Tables 4 a n d 5. 

F igure 1 shows the concentrations of bar ium, 
chromium, and lead i n acetic acid T C L P leachate from 
the four cements i n comparison to the range and mean 
concentrations i n a l l cements f r o m the PCA study of 
U.S. and Canadian cements. 

Aggregates 
A mixed carbonate-sihceous sand from Elg in , 

I lhnois was used for a l l eight concrete batches. Two 
kinds of coarse aggregate were selected from among 
materials frequently used at CTL: sihceous coarse ag­
gregate f o rm Eau (Allaire, Wisconsin (a 60/40 rat io of 
two size fractions — 19 m m to 13 m m and 10 m m to 5 
m m [3 /4 - in to 1/2-in a n d 3 /8- in to 3/16-in] and dolo-
mit ic coarse aggregate f rom Thornton , I l l inois 19 m m 
topsize [3 /4- in] ) . The coarse and f ine aggregates have 
w e l l - k n o w n service histories a n d have been used for 
many years i n research projects sponsored by the Port­
land Cement Association. T C L P tests were carried 

out on the sand and each aggregate fract ion. The re ­
sults of these TCLP tests are shown Table 6. 

Concrete Mixes 
Concrete mixes were designed to obtain roughly 

30 Mpa (4500 psi) compressive strength w i t h a wa-
ter-eement rat io of 0.55. Coarse aggregate: sand r a ­
tio was 60:40 and the cement content was 335kg/m^ 
(564 Ib/cu yd) for a l l concretes. M u n i c i p a l (Skokie, 
Il l inois) tap water was used w i t h o u t addit ional pro­
cessing. Water content was kept constant i n order to 
keep the weight percent cement i n the concretes the 
same whi le the slump was allowed to vary . Concrete 
mix designs are shown i n Table 7. Concretes made 
w i t h Eau Claire aggregate were designated EC27, EC 
61 , EC 82, and EC 84 and those w i t h Thornton dolo­
mite were designated T D 27, T D 6 1 , T D 82, and T D 
84 where the number indicated the part i c ipant n u m ­
ber of the cements. For each batch of concrete, 0.02m^ 
(3/4 cu ft ) of concrete was mixed i n a pan mixer , the 
air -content was obtained, and eight 75 x 150 m m (3 x 
6 in) cylinders were cast i n polypropylene cyl inder 
molds (DesLauriers, Bellwood, I L ) w i t h o u t release 
agent. Cylinders were consohdated by rodding except 
TD27 which required v ibrat ion . Three cylinders of 
each m i x were tested at 28 days for compressive 
strength. Slump, a ir content, u n i t weight, and 2 8 -
day compressive strengths shown i n Table 8. 

Concrete cylinders were cured at 23°C(73°F) i n 
the polypropylene cylinder molds w i t h low-dens i ty 
polyethylene snap- f i t covers. Samples for T C L P (acid 
and water) were demolded at 60-70 days of age, i m ­
mediately pr ior to crushing for the for the extraction 
tests. Samples for the A N S I / N S F 61 d r i n k i n g water 
tests were used at 16 months of age. 

Leaching Procedures 

Sample Processing 
Each cylinder was demolded a n d broken in to 

chunks w i t h a steel hammer . These chunks were 
passed t h r o u g h a j a w c r u s h e r ( B I C O - B r a u n , 
Burbank, California) w i t h hardened steel jaws set to 
produce particles mostly less than 9.5 m m (3/8 in ) . 
The crushed samples were passed through a brass 
9.5 m m sieve. 

The question is often asked whether crushing 
and gr ind ing contaminates samples w i t h metals f rom 
the processing equipment such as j aw crushers, disc 
pulverizers, or swing mi l l s . Data f rom a project us ing 
cl inker give some insight into possible contamination 
i n the processing. A sample of relat ively dense port -
land cement c l inker was passed three times through 
the steel-i)late j aw crusher ( B I C O - B r a u n , Burbank , 
CA) then ground w i t h a ceramic mortar and pestle to 
pass a 150 pm (no. 100 U.S. Standard) sieve. A con-

70 Proceedings - NSPI Chemistry Symposium (1997) 



t r o l sample of c l inker was processed by gr ind ing w i t h 
a ceramic m o r t a r and pestle to the same fineness. 
Flame AAS analysis for n i t r i c acid-soluble nickel and 
chromium indicated smal l increases due to the jaw 
crusher processing (71.9 vs. 75.8 mg/kg Cr and 15.1 
vs 16.1 mg/kg Ni ) . For comparison, chrome alloy disk 
pu lver i zer plates (Model U A - 2 0 0 0 , B I C O - B r a u n , 
Burbank , CA) substantial ly increased chromium and 
nicke l concentrations (71.9 vs. 166.3 mg/kg Cr and 
15.1 vs 22.2 mg /kg N i ) . M i l l i n g 30 seconds i n a tung­
sten carbide swing m i l l (W. Bleuler, ZoUikon; con­
ta iner Cat. no. 8504 f rom Spex Industries , Edison, 
New Jersey) d id not contribute significant iron, nickel, 
or chromium, although cobalt increased (6.6 vs. 11.3 
mg/kg). We are not aware of a pract ical processing 
method that would el iminate a l l metal contact and 
p e r m i t reduction of concrete cylinders to 9.5 m m (3/ 
8 - in) size. 

T C L P (Acetic Acid) 
E P A M e t h o d 1311 was f o l l owed . For each 

crushed concrete sample, 100 g was weighed into a 2 
L polypropylene screw-cap j a r and 2000g di lute ace­
tic ac id ( p H 2.88±0.05) was added. The jars were 
capped and tumbled i n a four -bot t le ro tary agitation 
apparatus (Analyt ical Test ing and Consulting Ser­
vices Model DC-20 , Warr ing ton , Pennsylvania) at 30 
r p m for 18 h r at 23°C(73°F). Leachate was suction 
fdtered thorough glass-fiber f i l ters (Whatman GF/F) 
and transferred to polyethylene bottles. The p H of 
each solution was recorded. The f i l tered leachates 
were acidified to p H <2 w i t h n i t r i c acid. 

T C L P (Water) 
The procedure presented above was followed 

using A S T M D 1193 Type I water instead of di lute 
acetic acid. 

Analysis 
Samples were digested and analyzed according 

to E P A SW-846 methods by atomic absorption spec­
trophotometry. The methods followed procedures de­
scribed i n the PCA cement a n d k i l n dust report 
(SPl lO) . 

Results of T C L P Tests 

Estimates of Potential Metal 
Concentrations in Leachate 

Two estimates of potential metals concentrations 
i n leachate were obtained by using the cement TCLP 
result i n one case (called the m i n i m u m estimate) and 
using the cement tota l metals result i n the other case 
(called the m a x i m u m estimate). These results were 
combined w i t h TCLP results f rom the aggregates. I f 

the T C L P results are additive, the i r sum should be a 
reasonable estimate of concentrations i n the concrete 
leachate. 

The m i n i m u m estimate was obtained after f i rst 
calculating for each meta l the contr ibut ion from the 
cement to the potent ia l leachate concentration using 
the weight fraction of cement i n the concrete (0.1397) 
times the cement T C L P value for each analyte. This 
value was then added to the weighted sum of contri ­
butions f rom sand (31.19% of F A TCLP) and from 
coarse aggregate (47.15% of CA TCLP) to give the 
m i n i m u m estimate. This value may be s imi lar to ac­
t u a l leaching data i f TCLP results are additive. As an 
example here is the calculation of the m i n i m u m esti­
mate for bar ium i n the TCLP extract concrete TD61 : 

(0.1397 X 0.93) + (0.3119X 0.33) + (0.4715 x 0.16) 
= 0.130 + 0.103 + 0.075 = 0.31 mg/l 

The m a x i m u m estimate was obtained after first 
calculating for each meta l the contr ibut ion from the 
cement to the potent ia l leachate concentration using 
the weight fract ion of cement i n the concrete (0.1937) 
times the to ta l meta l i n cement. Th is value was then 
added to the weighted sum of the contributions from 
sand (31.19% of F A TCLP) and f rom coarse aggre­
gate (47.15% of CA TCLP) to give the m a x i m u m esti­
mate. This value would occur i f a l l of the metal analyte 
contained i n the cement contr ibuted to the concrete 
TCLP result . As an example here is the calculation of 
the m a x i m u m estimate for b a r i u m i n the TCLP ex­
tract of concrete T D 6 1 : 

(0.1397 X 8.15) + (0.3119 x 0.33) + (0.4715 x 0.16) 
= 0.139 + 0.103 + 0.075 
= 1.32 mg /L 

Leaching Results 
The T C L P (acid) concrete data are shown i n 

Table 9. The concentrations of 12 metals were deter­
mined i n leachates f rom 8 concretes producing 96 i n ­
d iv idual measurements; fifty of those results are be­
low detection l imi t s . For the i n d i v i d u a l metals analy­
ses of the concrete T C L P (acetic acid) extract, a l l re­
sults for arsenic, bery lhum, and selenium are below 
detection l imi t s and six of the eight concrete leachates 
for antimony, cadmium, and t h a l h u m are below de­
tection l i m i t s . For the r e m a i n i n g six metals , the 
leachate concentrations are below detection l imits for 
two of eight results for mercury and nickel ; one of 
eight results is below detection l i m i t s for each of the 
rest of the metals. Normahzed concentrations of these 
six metals i n the eight concrete T C L P extracts are 
presented i n Figure 2. The eight results t h a t f a l l be­
low detection l imi t s are shown at the detection l i m ­
its. Concentrations are normahzed to the ind iv idual 
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RCRA l i m i t for each m e t a l and plotted on a logar i th­
mic scale. The plot indicates a l l results are less than 
1/lOth the RCRA l i m i t s . Chromium and silver nor­
mahzed concentrations ( w i t h one exception ) are be­
tween 1/lOth and 1/lOOth of the i r RCRA l imi ts . Most 
of the normal ized concentrations for bar ium, lead, 
mercury, and nickel f a l l between 1/lOOth and l/10(X)th 
of the i r respective RCRA l imi t s . 

Comparison of T C L P (acid) and T C L P 
(water) 

The T C L P water data are shown i n Table 10 and 
a comparison of selected acid versus water results is 
shown i n Table 11. I n most instances the TCLP acid 
leaching result falls between the m a x i m u m and m i n i ­
m u m estimate w h i l e the T C L P water leaching result 
falls near or below the m i n i m u m estimate. (See F ig ­
ure 2a) 

Relation Between Cement and 
Concrete 

Approximate ly 15% of the crushed concrete is 
not recovered after filtering a n d d r y i n g the TCLP 
(acid) residue. This corresponds to the amount of ce­
ment i n the concrete batches. The recovered sohds 
consist of aggregate w i t h h t t l e or no cement paste 
adhering. Whether the metals remain i n solution or 
precipitate and become trapped i n the filter residue 
determines the measured concentrations. 

M u c h interest surrounds chromium and lead 
levels i n leachates. Figure 3 indicates that TCLP chro­
m i u m f r o m the cements is correlated (R=0.92) w i t h 
TCLP (acid) chromium form the concretes. Total chro­
m i u m i n the cements also correlates (R=0.89) w i t h 
TCLP (acid chromium f o r m the concretes (Figure 4). 
While leachable c h r o m i u m form a l l eight concrete is 
less t h a n one—tenth of the 5 m g / L RCRA l i m i t , these 
correlations may be useful to cement producers moni ­
tor ing potent ia l leachable chromium. 

No relationship appears to exist between lead 
levels i n cement and T C L P concrete values (Figures 
5 and 6). 

Drinking Water Leaching 

Eight 3 X 6 - i n concrete test cylinders were tested 
generally fol lowing procedures i n ANSI /NSF 61-1991, 
" D r i n k i n g Water System Components -Heal th Ef­
fects." The purpose of these tests is to simulate expo­
sure of d r i n k i n g water to the inter ior surface of con­
crete pipe as the water is transported i n a munic ipa l 
water d i s t r ibut ion system. These tests consist of con­
di t ioning the specimen followed by exposure to s imu­
lated d r i n k i n g water containing buffering, hardness, 
and ch lor inat ing agents. 

Experimental 
A dedicated room mainta ined at 23-24'*C (74 -

76°F) was prepared by draping 0 .15-mm (6-ml ) poly­
ethylene sheets to enclose a space roughly 2.5 x 3 x 
2.5 m (8 X 10 X 8 f t ) to minimize eiirborne contamina­
tion. Tacky mats (Liberty Industries) were place i m ­
mediately inside and outside the door of the room to 
trap particulates on workers feet. To assure sufficient 
supply of h i g h ^ u r i t y water, a water -pohshing sta­
t ion (Barnstead Naopure, dua l U l t r a p u r e cartridges) 
fed f rom service deionizer cartridges was placed i n 
the room. 

Each concrete cylinder was brushed w i t h a steel -
bristle brush under cold tap water and r insed w i t h 
A S T M D 1193 Type U deionized water. Cylinders were 
handled throughout w i t h latex surgical gloves. Each 
cylinder was place i n a 19 L (5-gal) F D A approved, 
white polyethylene bucket (Philhps Container Co.) 
which h a d been previously washed w i t h soap, r insed 
w i t h tap water, washed w i t h acid, washed w i t h base, 
rinsed w i t h tap water, and r insed w i t h Type I I wa­
ter. 

Stock solutions of sodium bicarbonate (0.04 M) , 
calcium chloride (0.04M), and sodium hypochlorite 
(1.5 mg /L residual to ta l chlorine) were prepared us­
ing ACS reagent grade chemicals and Type I water. 
Conditioning water at p H 8 was made f r o m the stock 
solutions using 260 m L 0.04 M NaHCOg, 260 m L 0.04 
M CaClg, 13.9 m L NaOCl , and Type I water to make 
10.4 L . This volume gave a surface area to volume 
rat io of 43.7 cm^/L based on a 9 1 0 - m m (3- f t ) diam­
eter pipe. 

Specimens were f i r s t exposed to condit ioning 
water/disinfecting solution containing 50 m g / L avai l ­
able chlorine. Subsequent exposures contained 2 mg/ 
L available chlorine. Specimens were immersed i n the 
conditioning water for 12 days w i t h a change of wa­
ter every 24 hours, and for two addit ional days w i t h 
no change of water. The condit ioning water was de­
canted and specimens were immersed i n p H 8 extrac­
t ion water of the same concentration as the condi­
t ioning water, at 23-24°C (74-76°F) for 16 h r . 

Extrac t water samples were decanted into p r e -
cleaned 125 m L (4 Oz) amber glass bottles for mer­
cury analysis and into 2 1 (64 oz) polyethylene bottles 
for other analytes. N i t r i c acid (1 I m L , Baker I n s t r a -
Analyzed, 70%) was added to stabihze the solutions 
for metals analysis a t p H <2. Five m L potassium 
dichromate/nitric acid solution (25 m L 70% HNOgplus 
0.068 g KgCrp^, d i luted to 500 m L ) was added to sta­
bihze the solutions for mercury analysis. Samples 
were mainta ined at room temperature u n t i l analy­
sis. A separate sample of each extraction water was 
taken for n i trate analysis to which no stabilizing agent 
was added. A t CTL, samples were analyzed by graph­
ite furnace atomic absorption spectrophotometry ac­
cording to EPA SW-846 methods for As, Ba, Cd, Cr, 
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Pb, Se, and Ag. Mercury was analyzed by cold vapor 
AAS. Fluoride was determined by double standard 
additions using a selective ion electrode. N i t ra te was 
determined using a colorimetric test k i t (Hach N I -
10). Sample volumes and i n s t r u m e n t a l settings were 
chosen to give repor t ing l imi t s generally one - twent i ­
eth or less of the D r i n k i n g Water Standards. 

Spht samples also were analyzed according to 
E P A SW-846 methods at T E I Analyt i ca l , Niles, I l h ­
nois, using GFAAS for As, Pb, and Se; inductively 
coupled plasma spectrometry for i ^ , Ba, and Cd; and 
H g by cold vapor AAS. Fluoride was determined by 
ion chromatography according to A S T M D 4327. Re­
p o r t i n g l i m i t s at T E I were generally equal to or bet­
ter t h a n one - tenth of the D r i n k i n g Water Standards. 

Results and Discussion 
To be l isted as acceptable under the ANSI /NSF 

61 protocol, d r i n k i n g water system components must 
produce leachates w i t h analyte concentrations less 
t h a n one tenth the U.S. EPA Nat ional Pr imary D r i n k ­
i n g Water Standards. Results of analyses f rom CTL 
and T E I laboratories are shown i n Table 12. For com­
parison, the relevant d r i n k i n g water standards are 
shown fo l lowing the laboratory results. 

Values for As, Cd, Se, and A g are nearly a l l be­
low repor t ing l imi t s . Concrete extracts contained Ba 
and Cr at less than one-tenth the dr ink ing water stan­
dards. 

One approach for comparing TCLP and A N S I / 
N S F 61 protocols is to normahze results based on sur­
face area to volume (SAY) ratios. Sieve analysis of a 
T C L P (water) residue was used to calculate the sur­
face area of the residual concrete particles, y ielding a 
surface area of 3440 cm^/lOOg. (This calculation as­
sumed spherical particles. Since most surface area is 
i n the finest firaction, which contains nearly equal par­
ticles, th is assumption is reasonable. However, sur­
face roughness, cracks, and permeabihty were i g ­
nored. Thus, the calculated surface area is l ikely lower 
t h a n the actual surface area.) I n 2 L of TCLP leachate 
th i s is an SAY rat io of 1720cm2/L. The ANSI /NSF 61 
tests used an SAY of 43.7 cm^/L. The rat io of SAV.^^ 
to SAVj^sp is approximately 40:1. D iv id ing Cr TCLP 
(water) values by 40 yields results approximately eight 
times higher t h a n the d r i n k i n g water results, sug­
gest ing t h a t p e r m e a b i h t y of the re la t ive ly smal l 
crushed concrete particles is responsible for some Cr 
leaching. 

Lead and mercury i n one control sample were 
h igher t h a n i n any of the leachates, suggesting con­
taminat i on of at least one control solution. Mercury 
levels were 10-20 times higher t h a n expected i n tap 
water and d r i n k i n g water controls. To investigate the 
source of lead and mercury i n control samples, duph-
cate samples of water were collected i n glass bottles 
containing the n i tr i c acid-dichromate preservative de­

scribed above, at the f i n a l water deionizer j u s t before 
filling the polyethylene buckets. Add i t i ona l samples 
were taken f rom a second deionizer used i n a differ­
ent part of CTL's chemistry laboratory. The samples 
were tested for mercury and lead by AAS, y ie lding 
the fo l lowing results: 

Concentration \igfL (ppb) 
H g P b 

Lab: C T L T E I C T L T E I 
deionizer 1* 0.06 n/a <0.2 n/a 
deionizer2* 0.03 n/a <0.3 n/a 
control I t 0.9 3.2 5.8 3 
control 2 t 0.5 0.3 1.0 3 
tap w a t e r f 0.2 0.7 2.7 n/a 

* M e a n of dupl i cate de terminat i ons , n/a = not 
analyzed 

t Water analyzed after soaking i n polyethylene 
buckets, w i t h no concrete, for 16+1 h r . 

We beheve that contamination f rom the poly­
ethylene buckets (or less l ike ly , airborne sources) 
caused the concentrations of mercury and lead i n con­
trols to exceed levels i n the concrete leachates. Ac­
cording to State of I l l inois reports, the munic ipal water 
supply used to make concrete should have contained 
less t h a n 0.05 pg /L (ppb) H g . Th i s w a t e r passed 
through service deionizers, plastic hoses, and the fi­
n a l puri f icat ion deionizer before going into the buck­
ets. A water p u r i t y meter at the f i n a l deionizer i n d i ­
cated resist ivity greater t h a n 1 8 M n - c m at a l l times. 
These observations indicate the di f f iculty of perform­
i n g analyses at such low levels. The use of glass con­
tainers, properly prepared, should be preferred over 
plastic. Some v i r g i n plastic vessels m i g h t be suitable 
i f they do not contain many inorganic pigments, f i l l ­
ers, or antioxidants. 

Rather t h a n normalize results for lab -versus -
field surface area-to-volume ratios, we performed the 
tests at the SAV^ rat io for a 91(>-mm (3- ft ) diameter 
pipe and w i t h soaking t ime precisely 16±lhr. This 
approach was taken since concretes generally have 
low, but f in i te permeabihty. While leachate from steel 
pipe probably can be considered to come from the sur­
face or an extremely smal l depth, the whole volume 
of a concrete specimen should be considered as po­
tent ia l source of leachable substances. Since the k i ­
netics of heavy metal leaching are not precisely known 
and depend on i n d i v i d u a l concrete specimen perme­
abihty, we fe l t i t would be useful to obtain results 
wi thout "over-concentration" of leachate followed by 
normahzation, i f ins t rument detection l imits were ac­
ceptable. I t w i l l be useful to have data on the chang­
i n g rate of leachabihty of trace metals as a function 
of conditioning t ime. Due to the apparent contamina-
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t ion by lead and mercury i n at least some samples, i t 
would be prudent to repeat the analyses for these 
metals. Otherwise, i t appears t h a t metals, f luoride, 
and n i t rate concentrations for the two aggregates and 
four cements tested do not present concerns i n d r i n k ­
ing water leachates f r o m concrete. 
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4 Tota l Trace Metals i n Cement, mg /kg 
5 T C L P Trace Metals i n Cements. m g / L 
6 T C L P (acid) Extracts f rom Aggregates. mg /L 
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10 T C L P (water) Extracts f rom Concretes, mg /L 
11 Summary of Differences T C L P Extracts of 

Concretes Water vs. Acetic Ac id 
12 Measured Concentrat ions i n D r i n k i n g Water 

Leachates 

Drinking Water Standards and Health 
Advisories 

Figure Title 
1 Concentrations of B a r i u m , Chromium, and Lead 
2 Concrete Relative Concentrations 
2a Concrete T D - 8 4 Leachates a n d Est imates of 

Extremes 
3 Chromium i n TCLP Cement Extrac t , m g / L 
4 Tota l Chromium i n Cement, mg /kg 
5 Lead i n TCLP Cement Extract , m g / L 
6 Tota l Lead i n Cement, mg/kg 

Cement No.: 

Cement Type: 

Process Type: 

Raw Mater ia ls : 

Fuels: 

No. 27 

Type I 

Preheater and 
precalciner w i t h 
bypass 

Limestone 
Clay 
Sand 
I r o n Oxide 

Coal 
Petroleum Coke 

No. 61 

Type I 

Wet 

Limestone 
Shale 

N a t u r a l Gas 

No. 82 

T y p e l A 

Preheater 

Limestone 
Clay 
Sand 
M i l l Scale 
I ron Dust 

Coal 
Hazardous Waste 
Whole Tires 

No. 84 

Type I I 

D r y 

Limestone 
Clay 
Sihca 
I r o n 

Petroleum Coke 
Waste Solvents 

Table 1 - Cements Used for Concrete Leaching Study 
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Cement 27 Cement 61 Cement 82 Cement 84 

Blaine (ASTM C 204) 
Surface Area, cmVg 

3380 3640 4380 4120 

L . O . I . (ASTM C 114), % 1.56 1.48 3.01 1.31 

Insoluble Residue (ASTM C 114), % 0.28 N.D. 0.61 0.49 

M o r t a r Strengths 3d, MPa (psi) 
(ASTM C 109) 7d, MPa (psi) 

28d, MPa (psi) 

22.0 (3190) 
30.7 (4450) 
43.0 (6230) 

21.0 (3190) 
29.6 (4450) 
39.8 (6230) 

18.1 (2630) 
22.9 (3200) 
27.1 (3930) 

27.2 (3950) 
32.9 (4770) 
40.4 (5860) 

I n i t i a l Vicat (ASTM C 191), hours 1:25 1:57 2:53 1:48 

Autoclave Expansion (ASTM C 151), % 0.05 <0.01 0.12 0.03 

A i r eContent of M o r t a r (ASTM C 185), % 9.4 8.8 18.9 7.8 

Note: N . D . = value not determined 

Table 2 - ASTM Cement and Mortar Tests 

Analyte No. 27 No. 61 No. 82 No. 84 

SiO^ 20.85 21.11 20.33 20.59 SiO^ 
4.55 4.56 4.08 4.53 
2.34 2.43 3.39 2.96 

CaO 63.88 64.05 60.47 63.69 
M g O 2.45 2.11 4.36 2.71 
SO3 
N a p 

3.34 2.85 3.00 2.74 SO3 
N a p 0.00 0.08 0.18 0.08 
K3O 0.51 0.62 0.79 0.52 
TiOg 0.16 0.23 0.25 0.21 

0.02 0.19 0.10 0.06 
MnP3 0.04 0.12 0.08 0.05 
SrO 0.04 0.03 0.07 0.15 
Lol 1.56 1.48 3.01 1.31 

To ta l 99.75 99.86 100.11 99.62 

Calculated 
Compounds 

C3S 57 55 49 58 
c p 17 19 22 15 
C3A 9 9 6 8 
C^AF 7 7 10 9 

Table 3 - Chemical Analysis of Cements, wt% 
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Analyte No. 27 No. 61 No. 82 No. 84 

Ant imony <0.19 <0.19 <0.19 <0.19 
Arsenic <16 19.0 9.09 70.6 
Bar ium 92.9 163 275 197 
Bery l l ium 1.10 1.65 1.32 1.51 
Cadmium <0.05 <0.05 0.04 <0.13 
Chromium 33.9 99.3 65.0 167 
Lead 8.11 4.62 5.95 6.45 
Mercury <0.062 <0.004 <0.01 0.0255 
Nickel 23 <12 21 76 
Selenium <3 <6 <4 <4 
Silver 7.62 10.3 7.06 8.03 
T h a l l i u m <0.4 <0.2 0.20 <0.6 

Table 4 - Total Trace Metals in Cements, mg/kg 

Analyte No. 27 No. 61 No. 82 No. 84 

Ant imony <0.0163 <0.02 <0.02 0.0040 
Arsenic <0.010 <0.035 <0.060 <0.019 
Bar ium 0.71 0.93 1.58 1.59 
Bery l l ium <0.0001 <0.0002 0.00008 0.00059 
Cadmium <0.0010 0.00107 0.00185 <0.00009 
Chromium 0.371 1.05 0.713 1.22 
Lead <0.005 0.018 0.0080 0.0049 
Mercury <0.0006 <0.00012 <0.0001 0.00023 
Nickel <0.19 <0.03 <0.05 <0.08 
Selenium <0.006 <0.005 <0.02 <0.004 
Silver 0.055 0.068 0.071 0.056 
T h a l l i u m <0.03 <0.004 <0.008 <0.007 

Table 5 - T C L P Trace Metals in Cements, mg/L 

Analyte E l g i n Sand Eau Claire 3/4" Eau Claire 3/8" Thornton 

Ant imony <0.0022 <0.0022 <0.0022 <0.0023 
Arsenic <0.003 <0.003 <0.003 <0.014 
B a r i u m 0.33 0.33 <0.33 0.16 
Bery l l ium <0.00062 0.00067 0.00047 <0.00015 
Cacbnium 0.00068 0.00046 <0.00021 <0.00017 
Chromium <0.04 <0.04 <0.04 <0.07 
Lead 0.007 0.009 <0.007 0.018 
Mercury <0.00007 <0.0003 0.00008 0.00039 
Nickel <0.08 <0.08 <0.08 0.18 
Selenium 0.011 <0.006 <0.006 <0.010 
Silver 0.0522 <0.01 <0.01 0.0422 
T h a l l i u m 0.006 <0.002 <0.002 <0.002 

Table 6 - T C L P (acid) Extracts From Aggregates, mg/L 
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Siliceous 
Eau Claire 

Calcareous 
Thornton Dolomite 

Cement 
Water 
E l g i n Sand 
Coarse /^gregate 

19-13 m m (3/4-1/2 in) 
10-5 m m (3/8-3/16 in) 
19 m m (3/4 in) topsize 

w/c = 0.55 
Coarse /^gregate to Sand Ratio = 60:40 

335 (564) 335 (564) 
184 (134) 184 (310) 
775 (1307) 747 (1259) 

695 (1172) 
463 (781) 

1129(1903) 

Table 7 - Concrete Mix Designs, kg/m^ (pcy) 

E a u C l a i r e S i l i c e o u s C o a r s e Aggregate 

Strength at 28 days, M P a (psi) 
S lump, m m (in.) 
A i r Content, % 
U n i t Weight , kg/aP (pcf) 

T h o r n t o n Dolomite C o a r s e Aggregate 

Strength at 28 days, M P a (psi) 
S lump, m m (in.) 
A i r Content, % 
U n i t Weight , kg/m^ (pcf) 

EC-27 
44.196390) 
120 (4.7) 
1.0 
2409 

T D - 2 7 
33.2 (4810) 
25(1.0) 
1.3 
2384 (148.8) 

E C - 6 1 
38.1 (5520) 
115 (4.5) 
1.9 
2384 (148.8) 

T D - 6 1 
41.4 (6010) 
90 (3.5) 
1.6 
2377 (148.4) 

E C - 8 2 
27.2 (3950) 
200 (7.8) 
6.2 
2291 (143.0) 

T D - 8 2 
19.0 (2750) 
180 (7.2) 
6.5 
2246 (140.2) 

EC-84 
33.0 (4790) 
195 (7.6) 
0.6 
2425 (151.4) 

T D - 8 4 
38.1 (5520) 
160 (6.3) 
1.2 
2387 (149.0) 

Table 8 - Properties of Concretes 
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Analvte EC27 EC61 EC82 EC84 

Ant imony <0.0022 <0.0025 <0.0025 0.0204 
Arsenic <0.008 <0.008 <0.005 <0.019 
B a r i u m 0.44 0.68 0.9 0.69 
B e r y l l i u m <0.0004 <0.00022 <0.00022 <0.00022 
Cadmium <0.00023 0.00153 <0.00017 <0.00017 
Chromium <0.04 0.19 0.19 0.3 
Lead <0.012 0.017 0.025 0.013 
M e r c u r y 0.000346 0.000082 0.000406 0.000416 
Nicke l <0.08 ,0.14 0.17 0.29 
Selenium <0.006 <0.009 <0.009 <0.007 
Silver 0.0655 0.11 0.0766 0.0788 
T h a l l i u m <0.002 <0.002 <0.002 0.006 

Analvte TD27 T D 6 1 TD82 TD84 

A n t i m o n y <0.0023 <0.0023 <0.0023 0.0196 
Arsenic <0.005 <0.019 <0.007 <0.013 
B a r i u m <0.07 0.53 1.05 0.71 
B e r y l h u m <0.00022 <0.00022 <0.0022 <0.00022 
Cadmium <0.00017 <0.00017 0.00543 <0.00017 
Chromium 0.08 0.21 0.12 0.22 
Lead 0.023 0.019 0.016 0.02 
Mercury <0.00006 <0.00003 0.000344 0.00032 
Nicke l 0.29 0.14 0.21 0.3 
Selenium <0.011 <0.005 <0.023 <0.005 
Silver 0.0766 0.0821 0.071 <0.01 
T h a l l i u m 0.007 <0.002 <0.002 <0.002 

Table 9 - T C L P (acid) Extracts from Concretes, mg/L 

Analvte EC82 EC84 TD82 TD84 

Ant imony <0.016 <0.016 <0.0092 <0.0092 
Arsenic <0.0035 <0.0035 <0.0035 <0.022 
B a r i u m 0.37 <0.2 0.29 <0.3 
B e r y l l i u m <0.0007 <0.0007 <0.0002 <0.0002 
Cadmium <0.0013 <0.0013 <0.0011 <0.0011 
C h r o m i u m 0.0597 0.208 <0.085 <0.11 
Lead <0.022 <0.022 <0.016 <0.016 
Mercury <0.000007 0.000433 0.00078 0.000339 
Nickel <0.007 <0.007 0.0285 0.0435 
Selenium <0.01 <0.014 <0.008 <0.008 
Silver <0.086 <0.086 <0.086 <0.086 
T h a l h u m <0.002 <0.001 <0.004 <0.002 

Table 10 - T C L P (water) Extracts from Concretes, mg/L 
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(concentrations i n mg /L i n leachate) 
Acetic Ac id Water 

S a m p l e T D 8 2 

B a r i u m 1.05 0.29 
Cadmium 0.00543 <0.0011 
Chromium 0.12 <0.085 
Nicke l 0.21 0.0285 

S a m p l e E C 8 2 

B a r i u m 0.9 0.37 
Chromium 0.19 0.0597 
Nicke l 0.17 <0.007 

S a m p l e T D 8 4 

A n t i m o n y 0.0196 <0.0092 
B a r i u m 0.71 <0.3 
Chromium 0.22 <0.11 
Nicke l 0.3 0.0435 

S a m p l e E C 8 4 

B a r i u m 0.69 <0.2 
Chromium 0.3 0.208 
Nicke l 0.29 <0.007 
T h a l l i u m 0.006 <0.001 

Table 11 - Summary of Differences 
T C L P Extracts of Concretes 

Water vs. Acetic Acid 
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A r s e n i c (ftg/L) B a r i n m (pg/L) C a d m i u m (fig/L) 
Sample I D C T L T E I C T L T E I C T L T E I 
control 1 <2.8 <5 <1.7 <20 <0.02 <0.6 
control 2 <2.8 <5 <1.7 <20 <0.02 <0.6 
tap water <2.8 n/a 18 n/a 0.08 n/a 
EC27 <2.8 <5 <1.7 <20 <0.02 0.8 
TD27 <2.8 <5 <1.7 <20 <0.02 <0.6 
EC61 <2.8 <5 <1.7 <20 <0.02 <0.6 
TD61 <2.8 <5 2 <20 <0.02 307 
EC82 <2.8 <5 <1.7 <20 <0.02 <0.6 
TD82 <2.8 <5 4.2 <20 <0.02 <0.6 
EC84 <2.8 <5 <1.7 <20 <0.02 <0.6 
TD84 <2.8 <5 <1.7 <20 <0.02 <0.6 

C h r o m i n m (fig/L) L e a d (|ig/L) M e r c u r y (pg/L) 
Sample I D C T L T E I C T L T E I C T L T E I 
control 1 0.2 <9 5.8 3 (0.9) (3.2) 
control 2 <0.2 <9 1.0 3 (0.5) (0.3) 
tap water 0.7 n/a 2.7 n/a (0.2) (0.7) 
EC27 0.2 <9 1.1 2 (0.2) (0.4) 
TD27 <0.2 <9 21 3 (0.4) (0.7) 
EC61 0.2 <9 1.4 2 (0.4) (0.2) 
TD61 0.3 <9 0.9 2 (0.3) (0.6) 
EC82 <0.2 <9 0.9 3 (0.3) (0.3) 
TD82 0.2 <9 1.2 2 (0.2) (0.4) 
EC84 0.3 <9 0.9 3 (0.2) (0.5) 
TD84 0.3 <9 1.1 <2 (0.2) (0.4) 

S e l e n i n m Oig/L) S i l v e r (pg/L) F l u o r i d e (mg/L) 
Sample I D C T L T E I CTL T E I CRL T E I 
control 1 <0.3 <1 <0.4 <8 0.02 <0.03 
control 2 <0.3 <1 <0.4 <8 0.02 <0.03 
tap water <0.3 n/a <0.4 n/a 0.5 n/a 
EC27 <0.3 <1 <0.4 <8 0.01 <0.3 
TD27 <0.3 <1 <0.4 <8 0.02 <0.3 
EC61 <0.3 < 1 <0.4 <8 0.01 <0.3 
T D 6 1 <0.3 <1 <0.4 <8 0.01 <0.3 
EC82 <0.3 <1 <0.4 <8 0.02 <0.3 
TD82 <0.3 <1 <0.4 <8 0.02 <0.3 
EC84 <0.3 <1 <0.4 <8 0.02 <0.3 
TD84 <0.3 <1 <0.4 <8 0.01 <0.3 

N i t r a t e - N (mg/L) 
Sample I D C T L T E I 
control 1 0.06 n/a 
control 2 0.04 n/a 
tap water 0.08 n/a 
EC27 0.02 n/a 
TD27 0.03 n/a 
EC61 0.02 n/a 
TD61 0.03 n/a 
EC82 0.02 n/a 
' rU82 0.04 n/a 
EC84 0.03 n/a 
TD84 0.02 n/a 

Table 12 - Measured Concentrations in Drinking Water Leachates 
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Table 12 Notes: 

"n/a" indicates not analyzed Ins t rument settings and samples sizes were chosen to produce report ing l imits 
generally one - twent ie th or less of the D r i n k i n g Water Standards at C T L and one - tenth or less at T E I . That is 
the reason C T L m i n i m u m values are less than T E f s m i n i m u m values. 

For comparison, the U.S. E P A nat ional Pr imary D r i n k i n g Water Standards for inorganics are given here i n 
pg/L (ppb or m g / L (ppm). This hst is based on the 1987 D r i n k i n g Water Standard found i n ANSI /NSF 61-1991 
Appendix F wh i ch was pubhshed i n M a y 1991. 

arsenic 50 ppb 
lead 50 ppb 
fluoride 4 ppm 
b a r i u m 1000 ppb 
mercury 2 ppb 
n i t r a t e - N 10 ppm 
cadmium 10 ppb 
selenium 10 ppb 
chromium XX ppb 
silver XX ppb 

The D r i n k i n g Water Standards have been revised. A copy can be obtained f rom the EPA Safe D r i n k i n g Water 
Hot l ine at 800-426-4791 Monday -Fr iday 8:30-5 p m EST. The inorganic port ion of the December 192 Stan­
dards are shown on the fo l lowing two pages. 
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Chemicals 
Status 
Reg* 

Standards 

M C L G (mg/L) M C L (mg/L) STATUS 
H A * 

I n o r g a n i c s 

A l u m i n u m 
Ammonia 
Ant imony 
Arsenic 
Asbestos (fibers/l>10 nm length) 
B a r i u m 
B e r y l l i u m 
Boron 
Cadmium 
Chloramine 
Chlorate 
Chlorine 
Chlorine dioxide 
Chlorite 
Chromium (total) 
Copper 
Cyanide 
Fluoride 
Lead (at tap) 
Manganese 
Mercury (inorganic) 
Molybdenum 
Nickel 
N i t ra te (as N ) 
N i t r i t e (as N) 
Ni t ra te + N i t r a t e (both as N ) 
***can't read 
Silver 
Sodium 
Stront ium 
Sulfate 
T h a l l i u m 
Vanadium 
Zinc 

Zinc Chloride (measured as Zinc) 

R a d i o n u c l i d e s 

Beta partic le a n d photon 
act iv i ty ( formerly m a n -
made radionuclides) 

Gross alpha part ic le ac t iv i ty 
Radium 226/228 
Radon 
U r a n i u m 

L 

F 

F 
F 
F 
L 
F 
L 
L 
L 
L 
L 
F 
F 
P 
F 
F 
L 
F 
L 
F 
F 
F 
F 
F 

L 
P 
F 
L 
L 
L 

F 
F 
P 
P 
P 

0.006 

7 M F L 
2 

0.004 

0.005 

0.1 
1.3 
0.2 
4 
ZERO*** 
0.2 
0.002 

0.1 
10 
1 
10 
0.05 

0.005 

zero 
zero 
zero 
zero 
zero 

0.006 
0.05 
7 M F L 
2 

0.004 

0.005 

0.1 
T T * * 
0.2 
4 
T T * * 

0.002 

0.1 
10 
1 
10 
0.05 

0.002 

4 m r e m 
15 pC** 
5 p C i / L 
300 p C i / L 
2 0 n g / L 

D 
D 
F 
D 

F 
D 
D 
F 
D 
D 
D 
D 
D 
F 

D 
F 
F 
F 
F 
F 
F 

D 
D 
D 

F 
D 
F 
F 

Drinking Water Standards and Health Advisories (December 1992) 
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H E A L T H A D V I S O R I E S 
10-kg C h i l d I 7U-kg A d u l t 1 

Longer Longer RID 
One-day Ten-day term te rm (mg/kg/ D W E L Li fet ime m g / L at 1(L' CANCER 

(mg/L) (mg/L) (mg/L) (mg/L) day) (mg/L) (mg/L) Cancer Risk GROUP 

0.015 0.015 0.015 

30 30 4 
4 0.9 0.9 
0.04 0.04 0.005 
1 1 1 

1 1 0.2 

0.2 0.2 0.2 

-
0.08 0.01 

1 1 0.5 
— 10* — 
— 1* — 

0.2 0.2 0.2 

25 25 25 

0.007 0.007 0.007 
0.08 0.08 0.03 
6 6 3 
6 6 3 

0.015 0.0004 0.015 

— 
0.07 2 

20 0.005 0.2 
3 0.09 3 
0.02 0.0005 0.02 
1 0.1 3.3 

0.8 0.005 0.2 

0.8 0.022 0.8 

- 0.12 -
0.14/0.005 

0.002 0.0003 0.01 
0.05 0.005 0.2 
1.7 0.02 0.6 
— 1.6 — 

- 0.16* -
0.005 

0.2 0.005 0.2 
— — 20*** 
90 2.5 90 

0.02 0.00007 0.002 
0.11 0.003 0.11 
12 0.3 11 
12 0.3 11 

30 - D 
0.003 - D 

0.002 A 
7 0 0 M F L A 

2 - D 
0.008 B2 

0.6 
0.005 - D 
2.6 

0.1 - D 
- - D 
0.2 - D 

- - B2 

0.002 - D 
0.04 - D 
0.1 - D 

_ _ * 

0.1 - D 

17 - D 

0.004 
0.02 - D 
2 - D 
2 - D 

4 mrem/y A 
A 

22/26 pCi /L A 
2/0 pCi /L A 
170 pCi /L A 

*Under review * Under review 
**Copper - action level 1.3 mg/L ** Deferred 
Lead - action level 0.015 mg /L ***Guidance 
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FIGURE 2 
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FIGURE 2a 

CONCRETE TD'84 LEACHATES 
AND ESTIMATES OF EXTREMES 
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Chromium In TCLP cement extract. mg/L 
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Figure 3. 
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Figure 4. 
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