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The Grand Calumet R iver / Ind iana Harbor Canal is one of  the 
I n te rna t i ona l  Jo in t  Commission's Great Lakes Areas of  Concern 
(AOC). Like many other AOCs, the Grand Calumet River is in a 
heav i l y  i n d u s t r i a l i z e d  area and has a h i s t o r y  of  chemical 
contaminat ion (Colten 1985). Many of  the chemicals found in the 
i n d u s t r i a l  and municipal wastes that  enter the waterway end up 
in sediments where they are concentrated to high leve ls .  A 
number of  chemicals that  have been i d e n t i f i e d  in the 
contaminated sediments found in AOCs a r e  mutagenic or 
carc inogenic.  Although these chemicals have been shown to cause 
harmful b i o l og i ca l  e f fec ts  as s ing le  compounds, t h e i r  e f fec ts  as 
par t  of  a complex mixture are not well  known. In several AOCs, 
organic ex t rac ts  of  sediments have been shown to be mutagenic 
(Black et a l .  1980; Nest et a l .  1986a,b; Maccubbin et a l .  1991). 

In order to assess the po ten t ia l  geno tox i c i t y  of  sediments from 
tile Grand Calumet River,  we determined the mutagenic po ten t ia l  
of  organic ex t rac ts  of  sediments. The sediment ex t rac ts  were 
assayed in the Salmonella/microsome mutagenic i ty  tes t  ( the Ames 
tes t ,  Ames et a l .  1975). In the Ames t e s t ,  a l l  ten sediment 
samples assayed were found to be mutagenic. In general ,  
chemicals found in the sediments required metabolic a c t i v a t i o n  
before a pos i t i ve  mutagenic response was observed. 

MATERIALS AND METHODS 

Sediment samples were co l lec ted from ten s i tes  along the east 
and west branches of  the Grand Calumet River (Figure I ) .  
Mu l t i p l e  grab samples of  s u r f i c i a l  sediment were co l lec ted  using 
a Ponar grab sampler and were composited and homogenized. A 
subsample of  each composite was placed in a I -L  glass bo t t l e  and 
stored at 4~ u n t i l  processing and ana lys is .  

Send r e p r i n t  requests to Alexander E. Maccubbin at the above 
address. 
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Figure I .  Sediment sampling s i tes  in the Grand Calumet River.  
Sampling s i tes  are designated by a number wi th the p r e f i x  UG. 
The other numbers along the r i v e r  are miles from the mouth of  
the r i v e r  at Indiana Harbor. 

Met sediment was ext racted e s s e n t i a l l y  as described by Furlong 
et a l .  (1988). A f te r  mixing the sample, 30-50 g of  wet sediment 
was combined wi th anhydrous sodium su l fa te  to absorb the water 
r e s u l t i n g  in a loose granular  mixture.  This mixture was placed 
in a ce l l u l ose  ex t rac t i on  thimble that  ~as then placed in a 
Soxh]et ex t rac t i on  u n i t .  The sample was extracted fo r  24 hr 
wi th 300 mL isopropyl  alcohol and then wi th dichloromethane fo r  
24 hr.  The ext racted mater ia l  from the two ex t rac t i on  steps was 
pooled and the volume was reduced to 50 mL. The residue content 
of  the organic ex t rac t  was determined by dry ing three l-mL 
a l i quo ts  of  ex t rac t  in preweighed aluminum pans. The moisture 
content of  the sediment was determined according to standard 
procedures fo r  so i l  ana lys is  (Black 1965). The percent 
ex t rac tab le  mater ia l  on a dry weight basis was then ca lcu la ted 
as fo l l ows :  

residue content of  ex t rac t  (mg/mL) X volume of ex t rac t  (mL) 
I00 X dry weight of  sediment ext racted (mg) 

Pr io r  to assaying in the Ames tes t ,  a volume of  ex t rac t  was 
so lvent  exchanged in to  d imethy lsu l fox ide  (DMSO) to give a stock 
so lu t i on  o f  10 mg residue/mL. D i l u t i ons  of  the stock so lu t i on  
were made in DMSO to provide a range of  residue concentrat ions 
to be tested in the Ames tes t .  In general ,  the dose range was 
60 - 1,000 ~g res idue /p la te .  In some instances,  t o x i c i t y  was 
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observed in this dose range and the samples were retested at 
lower residue concentrations. 

The standard plate incorporation protocol was used for Ames 
tests (Maron and Ames 1983). Brief ly,  lO0 pL of sediment 
extract was mixed with 100 pL of a 16 hr culture of bacterial 
tester (strain TA98 or TAIO0) and 2 mL of melted agar containing 
5 mM hist idine and biot in. The molten top agar was then poured 
onto a minimal glucose agar base plate and incubated at 37~ 
for 2d. To determine i f  the extract contained compounds 
requiring metabolic activation for mutagenicity, 0.5 mL of 
buffer solution containing rat l i ver  homogenate and cofactors 
($9) was added to the top agar prior to plating. Plates with 
bacteria only, DMSO only, or DMSO + $9 were included as negative 
controls to evaluate spontaneous mutation rates, mutation caused 
by the solvent carrier or by the $9 mixture. In addition, 
positive controls of benzo[a]pyrene (5 pg/plate) sodium azide (l 
~g/plate) and daunomycin (6 pg/plate) were included to monitor 
the tester strain sens i t iv i ty  (Maron and Ames 1983). Dilutions 
of extract and controls were assayed in t r i p l i ca te .  After 
incubation, the number of revertant colonies (His + revertants) 
was counted. For those samples in which a doubling of 
background was observed at one or more doses, His + 
revertants/pg residue were determined. His + revertants/pg 
were calculated from the linear portion of the dose response 
curve using linear regression analysis. Correlation coefficients 
were calculated to determine the degree of certainty of the 
linear regression. After calculating the His + revertants/pg, 
this value was converted to His + revertants/mg dry weight 
sediment based on the residue content of each sediment sample. 

The tes te r  s t ra ins  used in i nd i v i dua l  assays were from a broth 
cu l tu re  inoculated from a master p la te .  Nhenever spontaneous 
revers ion rates exceeded acceptable leve ls  or whenever resu l t s  
from pos i t i ve  con t ro ls  ind icated loss of  s e n s i t i v i t y ,  a new 
master p la te  was prepared from frozen stock cu l tu res .  Each new 
master p la te  was then tested for  the cor rect  phenotype as 
ou t l i ned  by Maron and Ames (1983) before being used in assays. 

RESULTS AND DISCUSSION 

The moisture content and organic so l ven t -ex t rac tab le  mater ia l  of  
sediments assayed in the Ames tes t  are summarized in Table I .  
In general ,  the sediments, p r i o r  to ex t r ac t i on ,  were comprised 
of  small p a r t i c l e s  and were dark grey to black in co lor .  Some 
sediments had separated in to  two phases dur ing storage wi th an 
o i l y  residue over lay ing  the sediment. The amount of  organic 
so l ven t -ex t rac tab le  mater ia l  in the sediments var ied from 0.8 to 
19.7% (Table I ) .  A l l  organic ex t rac ts  had the same general 
appearance ranging from l i g h t  ye l lowish-brown to dark brown in 
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Table I: Moisture Content and Organic Solvent-Extractable 
Material in Sediments from the Grand Calumet River. 

Station % Moisture a % Extractable b 

UG-I 50.6 • 1.2 7.4 • 0 . I0  
UG-2 38.2 • 0.4 3.1 • 0.10 
UG-3 3 1 . 0 •  7 . 5 •  
UG-4 3 2 . 7 •  0 . 8 •  
UG-5 59.1 • 0.2 I I . 2  • 0.03 
UG-6 50.8 • 0.8 6.3 • 0.20 
UG-7 53.5 • 0.3 7.5 • 0.10 
UG-8 6 5 . 4 •  19.7 • 0.20 
UG-9 8 2 . 3 •  1 1 . 0 •  
UG-IO 51.2 • 0.6 6 . 7 •  

avalues are the mean • S.D. of t r i p l i c a t e  samples. 
bValues are the mean • S.D. of t r i p l i c a t e  samples and are based 

on the dry weight of sediment. 

color.  A few extracts had a v iscious,  o i l y  residue that 
separated from the bulk ext ract .  However, when solvent 
exchanged into DMSO, the extracts were homogeneous with no 
undissolved mater ial .  

In general, mutagenic a c t i v i t y  of sediment extracts was only 
observed with metabolic ac t iva t ion .  Without metabolic 
ac t i va t ion ,  only three sediment samples caused a doubling of the 
background His + revertants and exhibi ted l inear  dose response 
curves (Table 2). Station UG-3 was mutagenic in both tester  
st ra ins with levels of f i ve  His + revertants/mg and 38 His + 
revertants/mg for tester  st ra ins TA98 and TAIO0, respect ive ly .  
Station UG-5 was mutagenic in s t ra in  TAIO0 (45 His + 
revertants/mg) and stat ion UG-8 was mutagenic in s t ra in  TA98 
(two His + revertants/mg). 

In contrast to the resul ts without metabolic ac t iva t ion ,  a l l  of 
the sediments were mutagenic with metabolic ac t iva t ion (Table 
3). Only stat ion UG-9 was not mutagenic in both tester  
s t ra ins .  For those stat ions that were mutagenic in both 
s t ra ins ,  more revertants/mg of sediment were observed with 
TAIO0. Station UG-3 was the most mutagenic in both s t ra ins with 
rates of 102 His + revertants/mg and 1710 His + revertants/mg 
for  TA98 and TAIO0, respect ive ly .  

In th is  study we have demonstrated that the sediments from ten 
si tes in the Grand Calumet River have chemicals that can be 
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Table 2: Mutagenicity Nithout Metabolic Act ivat ion of Organic 
Extracts of Sediments from the Grand Calumet River. 

Station Tester His + 
Strain a Revertants/mg b 

C o r r e l a t i o n  S i g n i f i c a n c e  c 
C o e f f i c i e n t  

UG-3 TA98 5 0.8515 >.99 
TAIO0 38 0.6867 >.99 

UG-5 TAIO0 45 0.5274 >.95 
UG-8 TA98 2 0.7618 >.99 

aThe background r e v e r s i o n  r a t e s  f o r  the  s o l v e n t  c a r r i e r  c o n t r o l  
were 18.5 • 5 r e v e r t a n t s  f o r  TA98 and 107 • 12 r e v e r t a n t s  f o r  
TAtO0. P o s i t i v e  c o n t r o l  r e v e r s i o n  r a t e s  were 2265 • 370 f e v e r -  
r a n t s  f o r  TA98 (daunomycin,  6 p g / p l a t e )  and 984 • 170 r e v e r t a n t s  
f o r  TAIO0 (sodium a z i d e ,  1 p g / p l a t e ) .  

bHis+ r e v e r t a n t s / m g  are  on a dry weight  o f  sed iment  b a s i s  and 
were de t e rmined  from the His + r e v e r t a n t s / p g  r e s i d u e .  His + 
r e v e r t a n t s / ~ g  r e s i d u e  were c a l c u l a t e d  by l i n e a r  r e g r e s s i o n  
a n a l y s i s  o f  dose r e s p o n s e  curves  a f t e r  c o r r e c t i o n  f o r  spon-  
t aneous  revertants.  

CSignificance was determined from the corre lat ion coef f i c ien t  
and the number of repl icates included in the l inear regression 
analysis and measures the degree of cer ta in ty  in the l inear 
cor re la t ion.  

act ivated to mutagens. In addi t ion,  three si tes also had d i rec t  
acting mutagens that did not require metabolic ac t iva t ion .  The 
observation of mutagenesis caused by extracts of sediments from 
contaminated waterways is not unique to the Grand Calumet 
River. Several studies of other AOCs that have chemically 
contaminated sediments h a v e  demonstrated that mutagenic 
compounds can be extracted from the sediments (Black et a l .  
1980; Maccubbin 1986; Ersing 1987; Maccubbin et al .  1991). 
Although comparisons to other AOCs is d i f f i c u l t  because of 
qua l i ta t i ve  and quant i ta t ive differences in the chemicals 
contaminating the sediments, sediments from the Grand Calumet 
River have a higher mutagenic potent ial  than three other AOCs 
that we have studied. Fo r  example, more than 50% of the 
stat ions from the Grand Calumet River had His + revertant/mg 
values higher than the highest values (15.5 His + revertants/mg) 
observed in the Detro i t  River (Maccubbin et al .  1991). 
Moreover, no sediments from the Detro i t  River caused increases 
in His + revertants without metabolic ac t iva t ion.  S imi la r ly  
a l l  but one stat ion from the Grand Calumet River had higher 
His + revertants/mg values than those we have observed in the 
Buffalo River (1.2 - 3 His + revertants/mg, Maccubbin 1986; 
Ersing 1987) or the Black River (0.I  His + revertants/mg, 
Maccubbin 1986). However, in the case of the Buffalo and Black 
Rivers, other invest igators using f rac t ionat ion  of sediment 
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Table 3: Mutagenicity with Metabolic Act ivat ion of Organic 
Extracts of Sediments from the Grand Calumet River. 

Tester His + Correlat ion 
Strain a Station Revertants/mg b Coef f ic ient  Signif icance c 

TA98 

TA 1 O0 

UG-I 19 .7127 >.95 
UG-2 4 .9496 >.99 
UG-3 102 .8720 >.99 
UG-4 1 .8633 >.99 
UG-5 20 .7340 >.95 
UG-6 I0 .8221 >.99 
UG-7 7 .8661 >.99 
UG-8 20 .8263 >.99 
UG-9 8 .9617 >.99 
UG-IO 44 .8521 >.99 

UG-I 429 
UG-2 45 
UG-3 1710 
UG-4 I0 
UG-5 179 
UG-6 17 
UG-7 45 
UG-8 238 
UG-IO 322 

9132 >.99 
9593 >.99 
9699 >.99 
9347 >.99 
9664 >.99 
7941 >.99 
8369 >.99 
6248 >.99 
9634 >.99 

aBackground reversion rates for  solvent plus $9 control were 
25 • 6 His + revertants for  TA98 and 107 • 17 His + revertants 
for  TAIO0. Posi t ive control reversion rates were 288 • 83 
revertants for TA98 and 917 • 220 revertants for  TAIO0. 
Benzo[a]pyrene was used for  the posi t ive control with both 
tester  s t ra ins.  

bsame as "b" in Table 2. 
CSame as "c" in Table 2. 

ext racts ,  have observed higher mutation rates (Black et al .  
1980; Nest et a l .  1986a, 1986b). 

Ne have not f ract ionated the extracts from Grand Calumet River 
sediments and thus our determinations of mutagenicity may be 
underestimates of the true mutagenic potent ia l .  In addi t ion,  we 
have not characterized the sediments with respect to chemical 
composition and thus the cause of the mutagenic response is 
s t i l l  unknown. However, previous analysis of sediments from the 
Grand Calumet River have documented high levels of polycycl ic  
aromatic hydrocarbons, some of which are known mutagens in the 
Ames test .  For example, the levels of benzo[a]pyrene as high as 
200 pg/g have been measured in Grand Calumet River sediments 
(ISBII 1984). This compound alone, i f  assayed as a pure 
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compound, could account for much of the increase in His + 
revertants we observed. In terest ing ly ,  sediments from other 
AOCs that we have assayed for mutagenic potential had generally 
lower levels of polycycl ic aromatic hydrocarbons and lower 
mutagenic potent ial .  For example, the highest levels of total 
polycycl ic aromatic hydrocarbons measured in Detroi t  River 
sediments was 130 Ng/g with benzo[a]pyrene at 7.6 pg/g (Furlong 
et al. 1988). While i t  is possible that polycycl ic aromatic 
hydrocarbons contribute to the mutagenic potential of the 
sediments, additional studies are needed to ident i fy  additional 
indi rect  and direct  acting mutagens. These studies may ident i fy  
and quantitate the mutagens contained in the sediments and 
possible adverse effects they may have on biota in the r iver  and 
humans using the r iver .  
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