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Abstract: This study investigated the use of Isotope Exchange Kineties (IEK) technique to
estimate lability and temporal variability of cadmium (Cd) in arable soils proximal to an
automobile service centre at Owerri, south-eastern Nigeria. Thirty topsoil samples (0-10 ¢cm
depth) were collected from 5 arable farms receiving waste materials from automobile
servicing. The samples were subjected to experimental conditions to determine exchangeable
Cd using the TEK technique. There were slight to moderate variation in the distribution of
soil exchangeable Cd among farms. Results also showed that isotopically exchangeable Cd
(E(t)) predicted exchangeability of Cd up to 24 h of exchange from a short-term isotopic
kinetics, that is, at >60 min. There was significant positive relationship r{I¥/R (ratio of the
radioactivity remaining in solution after 1 min of exchangeable to the total introduced
radioactivity R) and exchangeable Cd (r = 0.8%*; p<0.01). Interestingly, there was no
significant relationship between soil pH and kinetic parameters.
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INTRODUCTION

Heavy metals appear naturally in soils (Ojanuga et «l., 1996) but at certain levels of
bioaccumulation, they become toxic to living components of the ecosystem. With the exception of
vanadium and titanium used by animals in their metabolic process (Manahan, 1994), most heavy
metals are associated with profound health hazards. However, their impact depends on source as metal
forms from anthropogenic sources are environmentally unstable, more soluble and bio-available than
natural sources (Naidu ez al., 1997).

Heavy metals oceur in a variety of physicochemical forms, namely free or complexed ions in soil
solution, adsorbed at the surfaces of clays, Fe and Mn oxyhdroxides or organic matter that are easily
exchangeable, present in the lattice secondary minerals (phosphates, sulphides, carbonates), occluded
in amorphous materials and present in crystal lattices of primary mineral (Berti and Jacobs, 1996).
In all these, the most labile and bicavailable are those extracted in soil selution and adsorbed
(Ciba et al., 1999).

Cadmium (Cd) is a bicavailable and biotoxic heavy metal regarded as an important environmental
pollutant in agricultural soils. It is the labile fraction rather the total soil Cd which is critical when
assessing Cd availability in soils (Gray ef af., 2004).

The Isotope Exchange Kinetics (IEK) technmque has been used to estimate rate and quantity of
transfer of PO, ions from soil solution to the solid phase (Frossard and Sinaj, 1997). The IEK was
also applied in the study of the exchangeability of zinc in soils (Sinaj et al., 1999) as well as the
assessment of phyto-availability of nickel in nickel-polluted soils.

The major objective of this study was to assess cadmium distribution in arable soils using Isotope
Exchange Kinetics as well as predict temporal variability in its exchangeability at short-term (<60 min)
and long-term (18 days) exchange intervals.
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MATERIALS AND METHODS

Soil Sampling

Thirty topsoil samples (0-20 cm) were collected from 6 arable—farm locations receiving
automobile wastes at an Automobile Service Centre in Owerri South-castern Nigeria. On cach farm 5
topsoil samples were collected. The soil samples were air-dried and sieved to obtain the <2 mm
fraction before laboratory analysis.

Laboratory Analysis

Soil texture was determined by hydrometer method (Gee and Or, 2002). Soil pH was estimated
electrometrically on a 1:2 soil/water solution (Hendershort ef @l., 1993). Total carbon was measured
by LECO CNS 2000 analyzer (LECO, Australia). Cation exchange capacity (CEC) was determined
by ammonium acetate leaching at pH 7.0 (Blakemore et al., 1987).

Total soil cadmium was determined by digestion in 5 mL H,0O, and 5 mL HNQ, for 5 h according
to the procedure of Kovacs ef @l (2000) and made to mark with 50 mL de-iomzed water before filtered
through Whatman 42 filter paper. Total Cd was measured in the digest by graphite furnace atomic
absorption spectrometry (GFAAS) with deuterium arc background correlation and 0.1% (v/V) H,PO,
acid used as a modifier. Ethylene diamine-tetra-acetic acid (EDTA) extractable Cd was determined by
extracting 5 g of soil with 20 mL of 0.04 EDTA at 20°C for 2 h on an end-over-end shaker. After
extraction the suspension was centrifiged at 9400x g for 10 min and filtered through Whatman 42 filter
paper before analysis of Cd by Flame Atomic Absorption Specrophometry (FAAS) with deuterium
arc background correction.

Cadmium availability in soils were estimated by the Isotope Exchange Kinetics (IEK) on 5 soil
samples. In this technique, 10 g of soil was equilibrated with 99 mL of de-ionized water on an end-
over-end shaker for 5 days. This represented the mixing interval used to equilibrate the soil solution.
After this time, at t = 0, 1 mL of carrier free '™Cd was added to the suspension and mixed with a
magnetic stirrer. Subsamples of between 0.5 to 1.0 mL were collected from suspensions after 1, 10,
30 and 60 min {short-term kinetics) and at 1, 3, 7, 11 and 18 days (long-term kinetics). The
suspensions were immediately filtered through a 0.2 mm cellulose acetate membrane filter and
estimated for radioactivity. Radioactivity in solution was determined with a liquid scintillation counter
(Packard 2500 TR) using Packard Ultima Gold Scintillation liquid with a volume/volume ratio of 1 mL
of sample to 5 mL of scintillation liquid.

The initial amount of '“Cd introduced (R) was counted together with the concentration of '“*Cd
remaining in the soil solution after each sample. With the foregoing, there was no need to correct for
radioactive decay. A 2 mL subsample of soil solution was collected and filtered through 0.2 mm
cellulose acetate membrane before the addition of the radioisotope and soluble Cd was determined by
GFAAS.

Analyses of Data
Short-term [EKs were performed on 30 topsoil samples. Isotopically exchangeable Cd values E

(1) were computed using r{1)/R and n along with Cd and total Cd using 3 equations below, which
represent short-term predicted E(t) values.

() /R =(r()AR)(t+ 1(1)/ R Y™ + 1(}/R (Fardean, 1996) (1

where R is the total amount of radicactivity introduced into the system r (1) and r ( ) are the
radioactivity remaining in the solution after 1 min and an infinite exchange time, respectively.
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n = parameter describing the rate of disappearance of the radioactive tracer from the solution for time
longer than 1 min of exchange.

The ratio r (1R 1is the maximum possible dilution of the isotope and is approximated by the ratio
of water soluble Cd to the total soil Cd concentration (Fardeau, 1996; Sinaj ez ef., 1999). Itis given as
follows:

t(l/R = 10Ccd/Cdt (2)

where Ced = Total water-soluble Cd (mg CAL™")
CdAT = Total Cd digested in concentrated HNO, and H20, {(mg kg™)
10 = Factor arising from ratio of 1:10 so that 10 x Cd is equivalent to the water-soluble Cd
in soil (mg kg™)
Isotopically exchangeable Cd, E(t), was calculated thus:

E()=10Ccd(R/1(t)) (3)
The above is on the assumption that the soil system is in a steady state.

Statistics

Variation among soils from farmers were estimated using coefficients of variation {CV%) and
values were ranked according to the procedure of Aweto (1982) while correlation analysis was
performed to relate kinetic parameters with some soil properties.

RESULTS AND DISCUSSION

Soil Properties

Results from the analysis of soil properties are presented in Table 1 with sand-sized fractions
dominating in particle size analysis. Textural classes varied from sand to sandy loam. Soils were
strongly acidic (pH = 3.7-3.1) but of low organic carbon content (29.8-38.2 kg™) as well as low cation
exchange capacity (2.5-4.6 cmol kg™).

Surficial Distribution of Cadmium

Total Cd ranged from 12.22 mg kg™ in farm E to 21.25 mg kg™ in farm C while exchangeable Cd
was least in farm E and highest in farm B (Table 2) slight to moderate varability was shown in
exchangeable Cd distribution. The level of Cd in soils of Taiwan ranged from 0.5 to 1 mg Cd kg™ sail
(Chen, 1991; Liu e7 af., 1998).

Temporal Variability in Kinetic Parameters Using lek Data

Results of exchange values with time are shown in Table 3. For the 5 soil samples where IEK was
conducted for both short term (<60 min) and long-term (18 days) exchange, results indicated that
isotopically exchangeable Cd increases with time with relatively large increases occurring betwesn
1 min and 1 day. Thereafter, the rate of increase in exchangeable. Cd decreased and these results were
similar to reports by Young ef /. (2000) that there was no significant change in the Exchange value (E-
Value) in soils of two contaminated mine spoil after 24 h of contact with only a small change occurring
after 48 h.

A comparison between measured exchangeable Cd and E(t) values indicated that data from short-
term kinetics were successful in predicting exchangeable Cd in two out of 5 soil samples analyzed
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(farms B and C). When a comparison was made of the r {1)/R between short-term and long-term
kinetics, the parameter was significantly greater when estimated for long-term compared with short-
term kinetics except for farms C and E. This function was used on the assumption that the total soil
Cd, that is the Cd solubilized by concentrated HNO, and H,O, digestion is all potentially
exchangeable. Studies by Gray et @l (2003) reported that substantial proportions of total Cd are
considered non-labile and this may prove the assumption to the contrary.

The ratio of the radioactivity remaining in solution after 1 min of exchange, r (1), to the total
introduced radicactivity (r) expressed as r (1)/R ranged from 0.009 for farm E and 0.062 for farm B
with an average of 0.043 (Table 4). The rate of decrease in radioactivity for exchange times greater
than 1 mm (n-values) ranged from 0.265 to 0.342 (Table 4). These results agree with the findings of
Gerard ef al. (2000) who reported values between 0.003 and 0.0053 for r(1) / R and n-values ranging
from 0.190 to 0.310 for Cd.

Table 1: Selected properties of soils studied

Sand Silt Clay Total OC CEC
Topography Fram Sample  (gkg™ (gkg™® (gkg™h TC (gkg™) (cmolkg™) pH
Gentle slope A 1 880 50 70 LS 40.9 31 39
“ 2 860 50 90 LS 343 2.6 4.0
“ 3 910 30 60 S 36.4 33 37
“ 4 850 70 80 LS 385 37 4.0
“ 5 900 50 50 S 34.8 32 38
Gentle slope B 3] 900 30 70 S 31.2 34 37
“ 7 870 30 100 LS 20.8 3.5 39
“ 8 870 20 110 LS 30.6 3.6 39
“ 9 860 40 100 LS 351 3.6 4.0
“ 10 880 30 90 LS 35.6 3.5 38
Plain C 11 700 50 250 LS 44.6 3.8 4.2
“ 12 750 30 220 SL 40.7 31 4.1
“ 13 780 20 200 SL 44.8 2.9 4.1
“ 14 770 30 200 SL 48.6 3.0 4.1
“ 15 790 30 180 SL 49.1 31 4.1
Gentle slope D 16 860 50 90 SL 32.6 32 4.0
“ 17 850 30 110 SL 384 31 4.0
“ 18 870 30 100 LS 32.8 32 39
“ 19 880 40 80 LS 30.9 3.2 39
“ 20 860 40 100 LS 40.2 3.7 4.0
Plain E 21 790 10 200 SL 42.2 3.8 39
“ 22 810 20 170 SL 41.6 3.6 39
“ 23 800 20 180 SL 46.1 3.6 39
“ 24 800 10 190 SL 45.2 36 39
“ 25 820 40 140 SL 39.6 32 4.0
Plain F 26 600 300 100 SL 4.7 2.5 4.6
“ 27 550 400 50 L 49.6 4.0 4.8
“ 28 480 380 140 L 50.3 4.2 4.9
“ 29 520 400 80 L 55.8 4.0 4.7
“ 30 480 320 200 L 58.2 4.6 5.1

TC = Textural Class, $ = Sand, LS = Loamy Sand, SL = Sandy Loam, L = Loam, Total OC = Total Organic Carbon

Table 2: Distribution of Cd in the study site (Mean Farm Values)

Farm Total Cd (mgkg™) Exch Cd (mgkg™) TCdECd v Ranking
A 7.56 4.99 4:1 10 SV
B 16.12 7.04 2:1 8 SV
C 21.25 4.42 51 25 MV
D 15.96 6.76 2:1 9 SV
E 12.22 3.65 3:1 28 MV

TCd=Total Cd, ECd, Exchangeable Cd, SV = Slight Variation, MV = Moderate Variation
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Table 3: Nature of kinetic parameters using TEK data between short-term and long-term exchanged
Farm r(1)yR n r( )R
Short-term (<60 min)

A 0.048N8S 0.362NS 0.005%
B 0.044+* 0.345% 0.007*
C 0.033% 0.319* 0.000%
D 0.062NS 0.528% 0.003NS
E 0.016NS 0.272% 0.001NS
Long-term (18 days)

A 0.045 0.482 0.007

B 0.038 0.475 0.008

C 0.21 0.462 0.005

D 0.045 0.493 0.008

E 0.013 0.399 0.004 *

p<0.03, ns: not significant

Table 4: Tsctope exchange kinetic parameters and isotopically exchangeable Cd (E(t) predicted) for 30 soil samples (mean
values of farms)

E (1 min) pred E (1 min 24 h) pred E(>24 h) pred
Farm r(1yR n (mg kg™ (mgkg™) (mg kg™
A 0.042 0.312 0.110 0.430 1.282
B 0.062 0.302 0.290 1.028 1.248
C 0.049 0.320 0.088 0.390 0.577
D 0.055 0.342 0.250 1.026 0.982
E 0.009 0.265 0.090 0.174 0.186
Mean 0.043 0.308 0.165 0.602 0.855

Pred = Predicted

Table 5: Correlations(r) between soil Cd kinetic parameters and selected soil properties

Soil property ) /R N
Clay content (g kg™!) -0.4N8 0,7k
pH 0.4NS 0.5NS
CEC (cmol kg™) 0.5% 0.2N8§
Total cartbon (gkg™) 0.4NS 0.3NS
Total Cd (mgkg™) 0.7 0.8%*+
Exchangeable Cd (mg kg™!) 0.8** 0.3

## p<0.01, * p<0.05, NS: Not Significant

Relationship Between Soil Cd Kinetic Parameters and Some Soil Properties

There was significant positive relationship between r{1 ¥R and exchangeable soil Cd and this same
trend was followed in the interaction between 1(1)/R and total soil Cd (Table 5). There were no
significant relations between soil pH and kinetic parameters (r(r)/and N. This statistical result does not
imply that pH has no influence in soil Cd concentration. Schwartz ez a/. (2003) reported a significantly
greater Ced (total water-soluble cadmium) and E (t) values in acidic soils when compared with soils
whose lime-amendments caused increase in soil pH. Earlier, a study carried out in Taiwan showed a
significant correlation between soil Cd concentration extracted by 0.05 M EDTA or 0.005 M DTPA
(p<0.01) and soil pH (Lee, 1999). However, the rate of disappearance of radioactive tracer from the
soil of solution for ime longer than 1 min of exchange increased as clay content decreased (r=-0.7;
p<0.01). Lee (1999) remarked that clay content and soil pH influence Cd activity and uptake by rice.

CONCLUSIONS

Distribution of Cd in arable soils can be estimated using IEK technique despite local variabilities
in soil properties. The IEK technique is helpful in predicting intensity of Cd availability (Ced) and
quantum of occurrence E (t) and these are indicators of how Cd is sorbed or desorbed.

Isotopically exchangeable Cd increased with time with relatively large increases occurring between
1 min and 1 day after which rate of increase in exchangeable Cd decreased. Although soil pH is a key
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factor affecting solubility and availability, the study has shown that other factors may contribute to
Cd availability in soils. Further studies on the compartmental analysis may be necessary to estimate
variability in distribution of exchangeable Cd as these farms may have historically received wastes from
different automobile vehicles.
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