This article was downloaded by:

On: 30 January 2011

Access details: Access Details: Free Access

Publisher Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Spectroscopy Letters
T & T Publication details, including instructions for authors and subscription information:
SIJPEGIIOSCOP) http://www.informaworld.com/smpp/title~content=t713597299

. \._‘1‘.‘\. (=] B
Determination of Trace Cadmium and Zinc in Corn Kernels and Related
Soil Samples by Atomic Absorption and Chemical Vapor Generation
Atomic Fluorescence After Microwave-Assisted Digestion
Yongpei Ke*; Qun Sun?; Zhirong Yang?; Juanjuan Xin® Li Chen®; Xiandeng Hou"
2 College of Life Sciences, Sichuan University, Chengdu, Sichuan, China ® College of Chemistry,
Sichuan University, Chengdu, Sichuan, China

@ Tayloe & Francis

Sukame 38 Mumtzers 4-% 1005

To cite this Article Ke, Yongpei , Sun, Qun , Yang, Zhirong , Xin, Juanjuan , Chen, Li and Hou, Xiandeng(2006)
‘Determination of Trace Cadmium and Zinc in Corn Kernels and Related Soil Samples by Atomic Absorption and
Chemical Vapor Generation Atomic Fluorescence After Microwave-Assisted Digestion', Spectroscopy Letters, 39: 1, 29 —
43

To link to this Article: DOI: 10.1080/00387010500434396

URL: http://dx.doi.org/10.1080/00387010500434396

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://ww.informaworld. confterns-and-conditions-of-access. pdf

This article nay be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, |oan or sub-licensing, systematic supply or
distribution in any formto anyone is expressly forbidden.

The publisher does not give any warranty express or inplied or make any representation that the contents
will be conplete or accurate or up to date. The accuracy of any instructions, fornmul ae and drug doses
shoul d be independently verified with prinary sources. The publisher shall not be |iable for any |oss,
actions, clainms, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.



http://www.informaworld.com/smpp/title~content=t713597299
http://dx.doi.org/10.1080/00387010500434396
http://www.informaworld.com/terms-and-conditions-of-access.pdf

02:59 30 January 2011

Downl oaded At:

Taylor & Francis Group

Spectroscopy Letters, 39: 29-43, 2006 Taylor & Francis
Copyright © Taylor & Francis Group, LLC

ISSN 0038-7010 print/1532-2289 online
DOI: 10.1080/00387010500434396

Determination of Trace Cadmium and Zinc
in Corn Kernels and Related Soil Samples
by Atomic Absorption and Chemical Vapor
Generation Atomic Fluorescence After
Microwave-Assisted Digestion

Yongpei Ke, Qun Sun, and Zhirong Yang
College of Life Sciences, Sichuan University, Chengdu, Sichuan, China

Juanjuan Xin, Li Chen, and Xiandeng Hou
College of Chemistry, Sichuan University, Chengdu, Sichuan, China

Abstract: Various hybrids or inbred lines of corn kernels and their corresponding soils
were sampled from Sichuan, China, for the investigation of cadmium and zinc transfer
from soil to corn. A new analytical procedure based on closed-vessel microwave-
assisted digestion and chemical vapor generation atomic fluorescence spectrometry
(CVG-AFS) was investigated for the determination of total trace cadmium in the corn
samples, with accuracy confirmation by inductively coupled plasma atomic emission
spectrometry (ICP-AES). Flame atomic absorption spectrometry (FAAS), also with
accuracy confirmation by ICP-AES, was used for the determination of total Zn in the
corn, also after the microwave digestion. For the corresponding soil samples, an incom-
plete digestion procedure (leaching or extraction) by 3 mL HNO; and 3 mL H,O, proved
to be adequate for the determination of zinc by FAAS, whereas a complete decompo-
sition of the samples by the combination of 4 mL HNO3, 3 mL HF, and 2mL H,0,
was needed for the determination of cadmium by ICP-AES. A linear correlation was
found between zinc content in corn kernels and that in the corresponding soil samples.

Keywords: Atomic absorption, atomic emission, atomic fluorescence, cadmium,
chemical vapor generation, corn, inductively coupled plasma, microwave digestion, soil
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INTRODUCTION

Most heavy metals including cadmium and zinc transfer from soil to various
plant seeds and accumulate in human and animal bodies through the consump-
tion of food.!"! ~*! Cadmium is a nonessential element for human beings and
animals and toxic beyond a certain concentration. Moreover, cadmium is
not only toxic to human beings but also persistent in the environment once dis-
charged; when absorbed, it stays in the human body with a very long half-life
of more than a year."> Thus, the determination of cadmium in crop plants is
of major importance due to its effects on the health of human beings and
animals. Zinc, on the other hand, is a nutritional element for human beings,
and zinc deficiency is found to be the cause of dwarfism and hypogonadism
among adolescents, but zinc is also toxic at high concentration.'®
Therefore, the concentration levels of the two elements are among the
important factors for corn quality.

There are many studies on the contamination of heavy metals in soil and
their transfer within the soil-crop system.'”®! Nan et al.”®! studied the cadmium
and zinc interactions and their transfer in the soil-crop system under field con-
ditions. It was found that increasing cadmium and zinc contents in soil could
increase their accumulations in the crops. Pinto et al.'”! found that organic
matter promoted the translocation of cadmium to plant shoots and
decreased the uptake of copper, zinc, and iron. Cui et al.”®! evaluated the con-
tamination levels in soil and vegetables with cadmium, lead, zinc, and copper
and their transfer factors from soil to vegetable plants with their health risks
calculated accordingly. Jung and Thornton''" investigated the heavy metal
contamination of soil and plants in the vicinity of a lead-zinc mine in Korea
and found that the concentrations of heavy metals in soil decreased exponen-
tially with distance from the mine source.

The most common methods for the determination of cadmium and zinc
include FAAS,'"! electrothermal —atomic absorption  spectrometry
(ETAAS),""?' ICP-AES,"¥ and inductively coupled plasma mass spec-
trometry (ICP-MS).["*~'®) Among these methods, ICP techniques and
ETAAS are most sensitive, although somewhat expensive for the instrument
and running costs. Chemical vapor generation atomic fluorescence spec-
trometry (CVG-AFES) is another very sensitive method for the determination
of ultratrace cadmium, with much lower analytical cost than that of ETAAS
or ICP techniques. By CVG-AFS, LODs of 8—10ppt (ngL™") can be
obtained for the determination of cadmium."”'® To date, only samples
with a relatively simple matrix, such as water,"">'”! and urine!"®! have been
analyzed by CVG atomic spectrometry for cadmium.

As for the sample digestion, a conventional scheme is mainly a fusion or a
wet procedure based on an acidic digestion with a heated mixture of mineral
acids. There are different heating systems that can be used for digestion such
as a sand-bath,[zo] an electric hot plate,“’l‘” and a microwave oven.!?!?%
Digestion procedures such as wet digestion or dry ashing are often the most
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time-consuming step of the analysis. These methods are laborious and tedious,
often accompanied with a high tendency for contamination. With closed-
vessel microwave digestion, analysis time, the amounts of reagents, and risk
of contamination or volatile analyte loss can be greatly reduced.**!??!

The goal of the current work was to establish convenient and accurate
atomic spectrometric procedures for the determination of cadmium and zinc
in soil samples and corn kernels, in order to investigate cadmium and zinc
transfer from soil to corn. For fast and efficient sample digestion, a closed-
vessel microwave digestion procedure with HNO3-H,O, was proposed for
the digestion of the corn kernels. The concentrations of cadmium and zinc
in the corn kernels were then determined by CVG-AFS (cadmium) and
FAAS (zinc), respectively. The related soil samples were also analyzed for
cadmium by ICP-AES and zinc by FAAS.

MATERIALS AND METHODS
Atomic Spectrometric Instruments

A commercial atomic fluorescence spectrometer (Model AFS-2202, Beijing
Haiguang Instrument Co., Beijing, China) was used for the determination of
cadmium in the corn samples. Details about the instrument can be found in
previous publications.""®*"! The chemical vapor generation (CVG) reactor is
shown in Fig. 1, with its optimal working program listed in Table 1.

AFS quartz atomizer

Gas/liquid

Pump separator

Waste «
Sampling coil

Carrier/Sample > Q

Ar’,_\o
>

Mixer/Reactor

Gas/liquid

KBH, P separator

Waste

A

Figure 1. The schematic diagram of the intermittent CVG reactor for the AFS
spectrometer.
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Table 1. Optimal working-program for the intermittent-
flow CVG reactor

Flow rate Time

Step (mL min~ ) (s) Reading

1 Sample, 7.1; 10 N
reductant, 4.6

2 0 5 N

3 Carrier, 8.2; 16 Y
reductant, 5.3

4 0 5 N

“Sample: cadmium in 3% HCI solution containing 1%
thiourea and 2pgmL~' cobalt; reductant: 100gL ™"
KBH, in the medium of 8 gL' KOH solution; carrier:
3% HCI solution.

An FAAS instrument with Zeeman background correction (Model GGX-
6, Beijing Haiguang Instrument Co.) was used for the determination of zinc in
the corn and soil samples. The optimized FAAS instrumental parameters for
the determination of zinc were lamp current, 4 mA; the height of the burner,
3 mm; the flow rate of C,H,, 1.3 L min— I and the flow rate of air, 7L min" ..

For comparison of the analytical results, an ICP-AES instrument (Iris
Advantage, Thermo Jarrell Ash Corporation, Franklin, Massachusetts, USA)
was used for the determination of cadmium (in both corn and soil) and zinc
(in corn). The major instrumental parameters for the ICP-AES are power,
1150 W; sampling rate, 2.0 mL min~'; nebulizer pressure, 27 PSI; integration
time, 16s; analytical lines, Cd 226.8 nm and Zn 213.9 nm; and the two-line
(the closest baselines of the spectral profile of the analytical lines at each
side) scheme was used for the background correction.

A common household cooking microwave oven (Model PJ17C-M, Midea
Corporation, Guangdong, China) with five shifts, 17% power, 33% power,
55% power, 77% power, and 100% power, was used for the closed-vessel
(70 mL Teflon containers) microwave sample digestion. The full power is
700 W. An electric hot plate (Model EH20A, LabTech Corporation, Beijing,
China) with a controllable temperature range of 40°C to 250°C was used
for the evaporation of the digests. The heating programs are described later
in the analytical procedures.

Reagents and Standard Solutions

All solutions were prepared using distilled deionized water (denoted with sub-
boiled deionized water) made with a quartz sub-boiler (Guoqiang Glass Instru-
ment Corporation, Jintan, China). The purity of all the concentrated acids used
for the experiments were analytical grade or better, the hydrogen peroxide
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(30%, v/v), thiourea, KBH,4, CoCl, - 6H,0, and KOH were analytical grade
and all purchased from Xilong Chemical Factory (Shantou, China).

Standard stock solution of cadmium, 1gL™' in 5% HCI; working
standard solution, 10ngCdmL ™' prepared from step dilutions of the
standard stock solution; and solution of KBH,4, 100 gL_1 in the medium of
8gL~! KOH. Five grams of thiourea was dissolved in 100mL distilled
water to obtain 5% thiourea solution. To obtain 1gL~" cobalt solution,
0.4039g CoCl,-6H,0 was accurately weighted and dissolved in 100mL
distilled water. A solution containing 50 ug ComL ™' was prepared from
step dilution of the 1 gL' cobalt solution. Standard stock solution of zinc,
1gL™" in 5% HNO;; working standard solution, 5wg ZnmL ™' prepared
from step dilutions of the zinc standard stock solution.

Procedures
Standard Calibration Series

To obtain the calibration curve of cadmium by CVG-AFS, we pipetted 5 mL of
5% thiourea solution, 1 mL of 50 wg mL ™' cobalt solution, and 2.5 mL of 30%
HCI solution into each of six 25-mL volumetric flasks, and then added 0, 0.25,
0.5, 1, 2, and 4 mL of 10ng mL ™! cadmium standard solution to the six volu-
metric flasks. Finally, we diluted the six volumetric flasks to the 25-mL mark
with sub-boiled deionized water, then capped and shook them to mix well.
The standard series obtained, with concentrations of 0, 0.1, 0.2, 0.4, 0.8, and
1.6ngmL ™", was measured under the optimized experimental conditions and
used for the construction of the calibration curve of cadmium by CVG-AFS.
We pipetted 5mL of 25% HNOj; solution to each of five 25-mL volu-
metric flasks, and then added 0, 0.25, 0.5, 1, and 2mL of 5 g mL ™! zinc
standard solution to the five volumetric flasks. After dilution with sub-
boiled deionized water to the 25-mL mark, and capping and shaking to mix
well, the standard series with concentrations of 0, 0.05, 0.1, 0.2, and 0.4 pg
ZnmL ™' was obtained and used for the construction of the calibration
curve by FAAS for the determination of zinc in corn. The standard series
used for the determination of zinc by FAAS and cadmium by ICP-AES in
the soil samples was 0.1, 0.2, 0.5, and 1 pg ZnmL ™! and 1, 5, 10, and
50ng CdmL ™", respectively. The standard series for the determination of
cadmium by ICP-AES in the corn grain samples was 1, 2, 5, and 10ng
CdmL~'. The medium of the standard series for ICP-AES was all 5% HNO;.

Analytical Procedure for Corn Samples

The corn samples were cleaned with sub-boiled deionized water and dried
in an oven at 105°C for 24 hr, then the grains were ground into powder.
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We accurately weighed around 0.2 g of the corn powder with an analytical
balance to Teflon vessels, added 2 mL HNO5; and 2mL H,O, to each of
them, and then shoot the vessels slightly in order to mix well the solid and
liquid. Then the Teflon vessels were closed tightly and put into a
microwave oven for digestion. The heating program was 33% power for
3min, 55% power for Smin, 100% power (700 W) for 3min, and 77%
power for 3 min. After heating, they were taken out of the microwave oven
and cooled to the ambient temperature before being opened under a laboratory
hood. The digests were then quantitatively transferred into Teflon crucibles
and heated to near dry on an electric hot plate at 200°C. The residues
obtained were dissolved and transferred to 25-mL volumetric flasks with a
mixture of 3% HCI, 1% thiourea, and 2 pg mL ™! Co for the determination
of cadmium by CVG-AFS. For the determination of zinc by FAAS, the
digests were directly transferred to 25-mL volumetric flasks by sub-boiled
deionized water. Because of the extremely low content of cadmium in corn
grain and the relatively high limit of detection (LOD) for cadmium by ICP-
AES, much larger amount of sample should be used for the ICP-AES determi-
nation. Therefore, digests of five trials were combined and quantitatively
transferred to the Teflon crucibles and concentrated to nearly 3mL on an
electric hot plate and then transferred to 10 mL test tubes and diluted to the
mark with sub-boiled deionized water for the determination of cadmium
and zinc in corn grains by ICP-AES.

Analytical Procedure for Soil Samples

The soil samples were ground into powder (particle size: 76 pum) and dried in
an oven at 105°C for 24 hr. We accurately weighed around 0.2g of the
sample to the Teflon vessels. For the determination of cadmium by ICP-
AES, 4mL HNOj, 3mL HF, and 2 mL H,O, were added into the Teflon
vessels. The heating program was 55% power for 5min, 100% power for
10 min, and 77% power for 10min. The digests were then quantitatively
transferred into Teflon crucibles with sub-boiled deionized water, and
ImL HCIO, was subsequently added. The Teflon crucibles were then
heated on the electric hot plate at 200°C until the white smoke nearly disap-
peared. The residues were dissolved and transferred to 25-mL volumetric
flasks with 5% HNO;. For the determination of zinc in soil samples by
FAAS, 3mL HNOj; and 3mL H,O, were used as the digesting reagents.
The heating program of the microwave oven remained unchanged. The
samples were not completely decomposed in this case, and the digests
obtained were mixtures of liquid and solid. After quantitatively transferred
into 50-mL volumetric flasks with sub-boiled deionized water and shaken
up, the mixtures were filtered and the filtrates obtained were analyzed by
FAAS for zinc.
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RESULTS AND DISCUSSION

Determination of Cadmium and Zinc in Corn Samples

Optimization of Instrumental Parameters of CVG-AFS for Cadmium

Considering the complication of the matrix, the CVG system with thiourea and
cobalt was used for the determination of cadmium in corn by CVG-AFS. Still,
the matrix of the soil is too complicated to be tolerated by the CVG approach,
and the determination of cadmium in the soil samples was performed by
ICP-AES. As expected, the higher value of the negative voltage of the photo-
multiplier tube or the higher the lamp current, the larger the fluorescence
signal. However, the noise of the instrument also became more significant at
the same time, and this meant that a higher negative voltage or lamp current
would not always improve the signal-to-noise ratio (SNR). In this experiment,
considering both the signal-to-background ratio and the SNR of the determi-
nation, a negative voltage of 310V and a lamp current of 70 mA were
chosen for use. Similarly, an observation height of 13 mm and an argon flow
rate at 800 mL min~ ' were selected for use.

Reaction Conditions for the Generation of Volatile Cd Species
For the CVG of cadmium, the significant factors are the concentrations of
potassium tetrahydroborate, thiourea, cobalt, and acidity. As shown in

Fig. 2 and Fig. 3, the concentrations of potassium tetrahydroborate and

4200

Fluorescence intensity
(¥5)
wn
o
<
I

2800 L !
60 90 120

KBH, (gL

Figure 2. The influence of the concentration of KBH, on the intensity of fluorescence
of cadmium. The error bars represent + one standard deviation of fluorescence inten-
sities of five parallel measurements. Cadmium standard, 2 ng mL "~ L thiourea, 10 gL~ l;
cobalt, 2 wugmL~"; KOH, 8 gL~ !; and hydrochloric acid, 3%.
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Figure 3. The influence of the concentration of KOH on the intensity of fluorescence
of cadmium. The error bars represent + one standard deviation of fluorescence inten-
sities of five parallel measurements. Cadmium standard, 2 ng mL. ™~ ! thiourea, 10 gL™ 1
cobalt, 2 pgmL~'; KBH,, 100 gL™"; and hydrochloric acid, 3%.

potassium hydroxide were chosen for 100gL ™" and 8 gL™", respectively.
Thiourea and cobalt act as catalysts for the CVG of cadmium, and the sensi-
tivity of the determination is greatly increased with the presence of the two
reagents.”'”! In this experiment, it was found that the concentration of
thiourea between 5gL ™' and 10gL ™" and cobalt between 1.5 ugmL ™' and
3ugmL ™' did not significantly affect the stability of the fluorescence
intensity of cadmium. A concentration of 10gL™' of thiourea and
2 wgmL ™" of cobalt in the final test solution was recommended for the deter-
mination for the best SNR.

Sample Preparation for the Determination of Cadmium

There is about 80% or more starch and cellulose in the corn powder;'**! so
oxidants such as HNO;, H,O,, or HCIO, are needed for the digestion of
corn samples. In this experiment, three acidic systems involving HNOj3-
H,0,, aqua regia, and H,0, only, respectively, were tested for the
microwave-assisted digestion of the samples. When 4 mL. H,O, was used as
a digesting reagent to avoid the influence of the acid remaining after the
digestion, the heating time at 100% power must be prolonged to 10 min for
complete decomposition of the corn samples. In addition, the fluorescence
intensity was too low to be detected. One of the reasons for this phenomenon
could be that the remnant H,O, would consume KBH,. For the aqua regia
system, somehow the corn powder could not be completely decomposed.
Finally, an acid combination of 2mL HNO; and 2mL H,0, was recom-
mended for the digestion, because the corn powder can be completely decom-
posed for a clear digest.
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If the digests obtained were directly transferred into volumetric flasks
with sub-boiled deionized water with calculated amounts of hydrochloric
acid, thiourea, and cobalt added, there would be white precipitates
generated, and the fluorescence intensity detected was very low. Because
thiourea was a reducing reagent and there was N,O, remaining in the
digests, the white precipitates might be something generated by the redox
reaction of thoiurea and N,O,. Thus, the thiourea was consumed, and this
(together with the excess remained acid) resulted in the low fluorescence
intensity. Therefore, the N,O, or acid remaining in the digests must be
removed before determination. Teflon crucibles were directly used as the con-
tainers for the evaporation of the digests to avoid high blank from glass con-
tainers and to simplify the procedure.**!

Analytical Results of Cadmium and Zinc in the Corn Samples

The analytical results of cadmium and zinc in the corn samples by CVG-AFS
and FAAS, respectively, in comparison with those by ICP-AES, are listed in
Table 2. It can be seen that the analytical results for cadmium by both methods
are in good agreement with each other. The recoveries of cadmium by CVG-
AFS from corn samples ranged from 95% to about 110%. The precision and
recoveries were satisfactory for trace element analysis. The corn grains are not
contaminated with cadmium for all samples except Sample 178, of which the
cadmium concentration is slightly larger than the threshold value
(<0.05 pgg™ ") of Chinese Standard GB 15201-1994. The concentrations of
zinc in corn samples are relatively high and easy to measure by FAAS, thus
the details are not discussed here. The contents of zinc in corn grains
ranged from 14 to 35ugg™', and the analytical results obtained by FAAS
and ICP-AES were also in good agreement. Therefore, the corn grains are
not contaminated with zinc, according to Chinese Standard GB 13106-1991
(Zn content < 50 wg g™ ).

Determination of Zinc and Cadmium in Soil Samples
Sample Preparation

The determination of trace metals in soil is complicated by the diversity of
the chemical and physical structure of soil. High concentrations of various
poorly soluble silicates demand alternative methods for sample dissolution
and the subsequent determination. Problems arising from the determination
of metals in soil by FAAS or ICP-AES are mainly associated with the need
to dissolve the sample.!"! Various acids have been used for the digestion
of soil, such as HNO;, HClO,, HF, and HCl,“’B’m and the time for
complete digestion is usually long, up to 30 hr at some extreme occasion.!'¥!
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Table 3. Comparison of the analytical results of zinc in soils by the two
digestion procedures (pgg~")*

Zhenghong
K169 115 Zhenghong

Sample name (Zn + 3SD) (Zn + 3SD) 311
(Zn + 3SD)
Complete 94.1 + 2.6 116 + 1.9 102 + 2.8

digestion

(ICP-AES)
Incomplete 93.0+ 14 115 + 3.0 105 + 2.1

digestion

(FAAS)

“Number of measurements = 3; SD = standard deviation.

Fortunately, many elements (such as zinc, lead, and manganese) in soil are
unbound or weakly bound to silicates, and acids without HF are strong
enough to dissolve/extract these metals from the soil sample. Usually, the
extraction procedure is assisted by ultrasonic?~?*! or microwave.'*>**! In this
work, a combination of HNO; and H,O, was used for the microwave-assisted
extraction. The analytical results for zinc in soil samples by this approach
agreed very well with those by the complete digestion procedure, as shown in
Table 3. However, a complete digestion, by use of HF, was needed for the
ICP-AES determination of cadmium in these same soil samples. This means
that some of cadmium is included inside or as a part of the crystal lattices of
certain silicates.!">*% It should be pointed out that the use of HF leads to a
long, dangerous, and cumbersome procedure, and usually its use is not
recommended for routine analysis. In this work, it was found that a leaching/
extraction procedure with HNO3-H,0, in closed vessel by microwave heating
was adequate for the determination of zinc in the soil samples.

Analytical Results of Cadmium and Zinc in Soil Samples

Soils with cadmium in excess of 1 pgg~ ' are considered to be evidence of
anthropgenic pollution.”””! The mean level of cadmium in soil in Sichuan
province is 0.079 wg g~ '.1** Table 4 shows that the soils are contaminated
with cadmium according to Chinese Standard GB15618-1995 (Cd content
<0.2pgg '), because the concentration of cadmium is in the range
2~3.6 ngg ' Recoveries of cadmium for the soil samples by ICP-AES
ranged from 90% to 110%. Table 4 also shows that the analytical results
of zinc in the soil samples ranged from 93 to 142 ugg™"', so the soils are
not contaminated with zinc according to Chinese Standard GB15618-1995
(Zn content <200 wgg ™).
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Table 4. The analytical results of cadmium and zinc in
soil (ngg™ ")

Zn by FAAS Cd by ICP-AES

Soil samples (Zn + 3SD) (Cd + 3SD)
Zhenghong 2-S 109 + 3.3 33 +£0.92
Zhenghong 6-S 101 + 2.5 3.5+ 0.54
Zhenghong 115-S 115 + 3.0 2.8 + 0.69
Zhenghong 311-S 105 + 2.1 3.2 + 0.084
Chengdan 14-S 111 + 3.6 2.9 + 0.96
Fuyou 1-S 94.6 + 0.93 3.6 + 0.023
Danyu 56-S 975 +33 3.5+ 0.81
E’yu 16-S 97.8 + 4.2 3.1 +£045
Yayu 10-S 111 + 4.5 3.0 +£0.51
K169-S 93.0 + 14 2.9 +0.15
200B-S 142 + 2.8 2.3 £+ 0.66
178-S 102 +2.3 2.0 + 0.042
18-599-S 116 + 2.7 2.5 +£0.51

“Number of measurements = 3; SD = standard deviation.

Relationship of Zinc and Cadmium Contents in Corn Samples
to Those in Soil Samples

It was reported that the transfer factors of the two metals from soil to crop parts
were relatively low, and the order of the element transfer in different plant
tissues was root > stem > grain. In this work, it was found that the zinc

y =0.31x - 11.0
R = 0.94
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Figure 4. The relationship of Zn concentration in corn with zinc concentration
in soil.
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concentrations in the corn samples corresponded fairly linearly with those in
the soil samples, with a correlation coefficient of 0.94, as shown in Fig. 4.
There was no significant difference between hybrids and inbred lines, in
terms of the corn’s ability for accumulating zinc from soil. However, no stat-
istical model could be found between the cadmium concentrations in the corn
samples and those in the soil samples. The reason could be that the concen-
trations of cadmium in the soil samples are so close to each other, and the con-
centration of cadmium in corn samples are so low.

CONCLUSIONS

With closed-vessel microwave-assisted digestion, atomic spectrometric
methods (CVG-AFS, FAAS, and ICP-AES) were successfully used for the
determination of trace cadmium and zinc in corn and soil samples. This inves-
tigation showed that the zinc contents of the corn kernels correlated very well
with those of the soils where they grew. According to Chinese National
Standard and the analytical results of zinc in this work, there was no zinc con-
tamination problem for the soil or the corn samples. However, it was found
that the soil samples were contaminated with cadmium. Fortunately, the
corn kernels (with one exception) were not contaminated with cadmium.
The proposed analytical procedures can also be used for providing useful
information for other agricultural studies, such as zinc and cadmium
transfer from environmental soils to other plants.
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