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Estimation of Microbiologically Influenced Corrosion of Aluminium
Alloy in Natural Aqueous Environment

Balaji Ganesh A, Radhakrishnan T K

Department of Chemical Engineering, National Institute of Technology, Tiruchirappalli 620015, Tamil Nadu, India.
abganesh_nitt@yahoo.com, radha@nitt.edu

Abstract: This paper describes microbiologically influenced corrosion (MIC) behaviour of aluminium alloy
(AA2024-T3) in natural aqueous environment. An optical microscopy is used to confirm the micro colony formation
of rod and cocci bacterial species. The viable cell counts after one month are averaged 1730x10’CFU/ml and the
species Pseudomonas found dominant. The changes in chemical constituents of test solution including pH, dissolved
oxygen and conductivity are also studied. Polarization study is also carried out to determine the shift in free
corrosion potential of metallic structure due to biofilm formation. Corrosion rate is determined by finding the
intersection point of E., and I, in the polarization curve. [Nature and Science. 2006;4(3):1-4].

Keywords: aluminum alloy (AA2024-T3); Microbiologically Influenced Corrosion (MIC); polarization study

1. Introduction

Aluminium is considered a reactive alloy
(NACE, 1984). The good corrosion resistance of
aluminium is due to the formation of a self-
protecting, thin, invisible aluminium oxide film that
forms immediately on the metal surface. The
protective film is susceptible to corrosion by attack
from halide ions such as chlorides. This susceptibility
to localized corrosion appears to make aluminium
alloys vulnerable to MIC. More reports are for
AA2024-T3 alloy is used in aircraft or in
underground fuel storage tanks, Little (1991),
Wagner (1992), ASM (1985), Rosales (1980), Videla
(1986). Contaminants in the fuel such as surfactants,
water and water-soluble salts may contribute to
bacterial growth. The two mechanisms for MIC of
aluminium alloys have been documented: the
production of water-soluble acids by bacteria and
fungi, and the formation of differential aeration cells,
Little (1991).

Microbial colonization of metal surfaces causes
severe change in the ions concentration, pH,
conductivity, and redox potential, altering the passive
or active behaviour of the metallic substratum and its
corrosion products, as well as the electrochemical
variables. Micro organisms influence corrosion by
changing the electrochemical conditions at the metal—
solution interface. These changes may have different
effects, ranging from the induction of localized
corrosion to corrosion inhibition through a change in
the rate of general corrosion (Beech 2004). A proper
identity of bacteria by which corrosion may be
exploited on metal surface and role of microbial
contaminants in the specific environment as a useful
tool to prevent frequent MIC effects (Videla 2005).
In the last two decades, significant progress regarding

electrochemical interpretation of MIC has been
achieved as a consequence of better understanding of
MIC, Dexter (1991), Dickinson (1998), Shobhana
(2005), Uhlig’s (2000), Stoecker (2001). The
usefulness of electrochemical techniques to assess
MIC can be improved by documenting the presence
of complex deposits of corrosion products, microbial
metabolites, and EPS.

This paper describes assessment methods to
elucidate  microbial corrosion behaviour of
aluminium alloy (AA2024-T3) in natural aqueous
environment. The quantification includes
determination of biomass, cell density and shift in
free corrosion potential of metallic structure. Biomass
is evaluated as a spectrophotometric analysis of
carbohydrate and protein content. The bacterial
colonies are expressed as colony-forming units per
ml (CFU/ml). The bacterial species are identified up
to genus level by employing morphological and
biochemical  characterization. =~ The  microbial
corrosion effects on test material are also assessed by
polarization study against a saturated calomel
reference electrode (SCE).

2. Experimental

This work is carried out with aluminium alloy
(AA2024-T3) test coupon having weight composition
of 4.4 Cu, 0.6 Mn, 1.5 Mg and the rest of 93.5 AL
The specimen is polished using SiC emery papers up
to 600 grades and degreased with acetone, washed
with distilled water and dried. Biofilms are consented
to grow on metal surfaces under laboratory
conditions using 1% of glucose as nutrient to natural
lake water. The contamination of water is avoided by
adding 25 ml of fresh natural lake water after the
same quantity of water is pipetted out from the
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system for every five days. The chemical constituents
of water sample, such as, water temperature, pH,
conductivity and dissolved oxygen concentration are
measured through out the experiment. All the
experiments are carried out at constant atmospheric
conditions. An UV-VIS spectrophotometer is used
for carbohydrate and protein content analysis (M/s
Shimadzu, Japan). Micro colony confirmation is done
by an optical microscopy with CCD camera (M/s
Shimadzu, Japan). Enumeration of viable cell can be
counted by plate count technique using digital colony
counter (M/s ELICO, India). The polarization studies
are carried out using Potentiostat/Galvanostat (M/s
Princeton, Model No. 362). All the chemicals used in
this experiment, are purchased from M/s Fluka.

2.1. Biomass measurement

Biofilm samples for mass analysis are obtained
from the outer surface of each metal at the end of
experiments. Biomass data represents the average of
ten measurements from the same sample. The biofilm
samples from the respective metal are subjected for
the analysis of carbohydrates and protein. The
analysis of carbohydrates involves the treatment of
samples with sulphuric acid to cause the hydrolysis
of glycosidic linkages and to dehydrate the
monosaccharide in order to allow the reaction with
anthrone to yield blue-green coloured complex which
is measured calorimetrically at 630 nm (Sadasivam,
1992). Bradford protein assay is based on the
observation that the absorbance maximum for an
acidic solution of Coomassie Brilliant Blue G-250
shifts from 465 nm to 595 nm when binding to
protein occurs (Bradford, 1976). The metal biofilm
samples are also subjected to determine the presence
of sulphate reducing bacteria. The detection of
sulphate reducing bacteria in biofilm samples can be
performed using the method developed by the
American Petroleum Institute (API, 1982).

2.3. Identification of bacteria

The biofilm samples are carefully scraped with a
non-metallic spatula and are serially diluted. Then the
samples are plated on nutrient agar medium to
enumerate the heterotrophic bacteria (Murugesan,
1995). The bacterial colonies are expressed as
colony-forming units per ml (CFU/ml). The most
numerous similar colonies from all plates are
identified  through their —morphological and
biochemical characteristics (Staley, 1989).

2.4. Electrochemical study

The biofilm growth on metal surface can
influence a change in free corrosion potential and
also corrosion current. Corrosion potential and
corrosion current of biofilm adhered aluminium alloy

is measured against a saturated calomel reference
electrode (SCE). The working electrodes constitute
test material of 1 cm” of test area. All the experiments
are carried out at constant temperature with natural
lake water as an electrolyte. The slope of the
polarization curve can be used to characterize the
degree to which any stage of anodic or cathodic
processes is inhibited. The coordinates of this point
define the free corrosion potential of the system, as
well as total corrosion current (Ieor=I anodic=I cathodic)-
The intersecting point of E, and I, in the
polarization curve can be used to determine the
corrosion rates through the Faradays law equation (1)
(Pound, 1979).

Corrosion Rate (CR) = (leor * M)/ zAFp (1)

where CR is the corrosion rate (mm/yr), I is the
corrosion current (A), M is the molar mass of metal
(g/mole), A is area of electrode (mm?), z is number of
electrons transferred per metal atom, F is the
Faraday’s constant and p is the density of metal
(g/mm’).

3. Results and discussion
3.1. Bacteria identification

The biofilm structures of all the three metal
samples are confirmed on examination under a
computer enhanced optical microscopy with CCD
camera. The CCD image of dominant bacterial
species Pseudomonas is shown in Figure 1.

ww
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Figure 1. CCD camera image of dominant species Pseudomonas

A mixture of micro colony formation, including
rod shaped bacteria and cocci are identified through
microscopic analysis. The viable cell counts after one
month are averaged 1730x10’ CFU/ml. The biofilm
sample is subjected to find out the presence of
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Table 1. Analysis of chemical constituents of water

Chemical Constituent
pH TDS (uS) Dissolved Oxygen (mg/L)
Test Coupon
Initial Final Initial Final Initial Final (Average)
(Average) (Average)
AA2024-T3 8.6 8.1 840 1287.08 701.89

sulphate reducing bacteria. Based on the results of
sulphate reducing bacteria determination, it is
confirmed that the biofilm sample is not constituted
with sulphate reducing bacteria. The changes in
chemical constituents of water, such as pH,
conductivity and dissolved oxygen after one month
are averaged (Table 1).
3.2. Corrosion assessment
experiment

The test coupon exposed to natural lake water is
subjected to polarization experiments. The
potentiodynamic polarization curve of aluminium
alloy immersed in natural lake water is shown in
Figure 2.

by polarization

-100

-300
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-Ton

Potential (mV vs, SCE)

-an

-1100

00 -lopo Current Density (mA/em?)

Figure 2. Polarization curve

The E. value achieved is typical for this
experimental procedure with the aluminium alloy
having a potential of -675 mV relative to SCE. The
corrosion current density is the measure of corrosion
activity. From the polarization curves, the corrosion
current density (I.,) is determined by Tafel
extrapolation method. Passive behaviour is not
prevalent for test sample after one month period, but
exhibited Tafel behaviour, indicating the surface is
under polarization control. The obtained anodic
current density is probably a result of the decreasing
surface aluminium oxide film on the sample surface.
The intersecting point of open circuit potential and
corrosion current can be used to determine the
microbial corrosion rate of aluminium alloy
(AA2024-T3). The corrosion rate of aluminium alloy
after one month immersed in natural lake water is
estimated 0.01 mm/year. The table 2 summarizes the
obtained results for this experimental procedure. It
should be noted that the experiment is carried out
with constant laboratory conditions in 1% glucose
nutrient to natural lake water.

Table 2. Assessment of microbial corrosion behaviour of aluminium alloy

Cell Count
(CFU/ml)

Test Coupon Biomass (mg/ml)

Carbohydrate | Protein

ECOIT (mV ICOl'l'
Dominant VS. (mA/cm?®) x Rate
Species Ag/AgCl) 10°

AA2024-T3 0.3935 0.1914 | 1730x10’

Pseudomonas -675 4.2 0.01

Corrosion

(mm/year)




Nature and Science, 4(3), 2006, Ganesh and Radhakrishnan, Estimation of Microbiologically Influenced Corrosion

4. Conclusion

Microbial corrosion behaviour of aluminium
alloy (AA2024-T3) is evaluated through simple
assessment techniques. Microscope with CCD
camera is used to confirm the presence of micro
organism on the surface of aluminium sample.
Bacterial viable cell counts are averaged
1730x10’CFU/ml after one month period and the
species Pseudomonas found dominant in biofilm
metal sample. Biomass is estimated as a
spectrophotometric analysis of carbohydrate and
protein content. The chemical constituents of natural
lake water are continuously evaluated during the test
period. The measurement of corrosion potential and
corrosion current is successfully used to estimate the
microbial corrosion of aluminium alloy through
graphical method. The estimated corrosion rate offers
the conclusion that the aluminium alloy (AA2024-
T3) is the ideal alloy for long term condensation.

Correspondence to:

Balaji Ganesh A, Radhakrishnan T K
Department of Chemical Engineering
National Institute of Technology
Tiruchirappalli- 620015, Tamil Nadu, India.
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Ichthyophthiriasis: Various Fish Susceptibility or Presence of More
than one Strain of the Parasite?

Ehab. E. Elsayed ! Nisreen. Ezz El Dien 2, Mahmoud. A. Mahmoud *

" Department of Pathobiology and Diagnostic Investigation, Michigan State University, East Lansing, Michigan
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? Department of Pathology, Faculty of Veterinary Medicine, Cairo University
Cairo, Egypt.

Abstract: White spot disease is one of the devastating protozoal infections affecting freshwater fish. Commonly
known as “Ich”, the Ichthyophthiriasis can infect almost all freshwater fish causing devastating losses in susceptible
fish. In the present study, an outbreak of Ichthyophthiriasis erupted in one of the holding tanks of two ornamental
fish species, Siamese shark (Pangasius sutchi) and goldfish (Carassius auratus var.bicausatus). Initial observation
of the outbreak showed that only Pangasius sutchi was affected by typical white spots associated with mortalities.
However, Carassius auratus, a known susceptible species for Ichthyophthirius multifiliis (Ich) in the same aquarium
showed only mild erythema that disappeared during the course of infection with no mortalities. To confirm the
previous observation, an experimental designs was performed in which infection with Ichthyophthirius was induced
in Pangasius sutchi species alone. Cohabitation was performed between the Ich-induced Pangasius sutchi and
Carassius auratus. Three days after the induction, Pangasius sutchi started showing the typical clinical signs.
Mortalities associated with severe infection were recorded in Pangasius sutchi by 7™ day after infection. Associated
Carassius auratus showed only mild erythema that disappeared by the end of experiment. Histopathological
examination of skin from both species in natural and experimental infection was performed to evaluate the severity
of infection on the tissue level. Substantial numbers of typical large size trophonts surrounded by layers of fibrous
tissue, melanophores and hemorrhages were detected in dermal and epidermal layers. Underlying myodegeneration
was also associated the skin lesions in Pangasius sutchi. In contrary, pathological changes in the skin of Carassius
auratus were mild and few numbers of immature trophonts were noticed in the epidermal layers. Possible reasons
for such infection discrepancies between the two susceptible species are discussed. [Nature and Science.
2006;4(3):5-13].

Keyword: Ichthyophthirius multifiliis, Pangasius sutchi, Carassius auratus, infection, protozoa, ciliates

Introduction et al., 1998; Thilakaratne, et al, 2003; Kim et al.,
2002). Naturally occurring outbreaks of
Ichthyophthiriasis in wild fish populations can yield
devastating effects. For example, natural outbreak of the
Ich was blamed for the deaths of 18 millions Orestias
agassi in Lake Titicaca, Peru (Wurtsbaugh and Tapia,
1988). In intensive aquaculture systems, Ich epizootics
are more common (Valtonen and Kerédnen, 1981) due to
the confinement of fish under stressful condition and the
exponential increase in parasite numbers (Clark et al.,
1995).

The life cycle of Ichthyophthirius multifiliis is a
direct one and requires no intermediate host (Ewing and
Kocan, 1992). Invasion of the infective theront gives
rise to the trophont that grows inside the host epithelium
to the size of 1 mm in diameter (Lom and Dykova,
1992). The trophont becomes easily visible owing to the

Commonly known as “Ich”, the white spot disease
(Ichthyophthiriasis), can infect almost all freshwater
fish (Ventura and Paperna, 1985) and at least one
species of amphibian (Gleeson, 1999). The disease is
recognized as one of the most pathogenic diseases of
fish caused by eukaryote parasites resulting in
significant economic losses in the affected cultured fish
species (Matthews, 1994). Ich is caused by a
hymenostomatid ciliate, Ichthyophthirius multifiliis
Fouquet, 1876 (I. Multifiliis). The parasite is commonly
distributed, occurring in tropical, subtropical and
temperate regions, and extending north to the Arctic
Circle (Matthews, 1994). It causes severe epizootics
among different fish species in aquaria, hatcheries, and
ponds, as well as in wild fish populations (Ezz El-Dien
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opacity of the cytoplasm in the fish skin (Matthews,
1994) and the formation of somatic cyst by the fish
body around the parasite (Price and Bone, 1985). These
white spots are easily countable. However, a single
white spot does not necessarily represent a single
trophont, since aggregations of trophonts can occur in
one large white spot as a result of multiple entries at
single site (Matthews, 1994). Nevertheless, scoring of
individual white spots with appropriate controls
provides a direct, quantifiable measure of infection
levels on fish (Ventura and Paperna, 1985). The
trophonts mature inside the host and develop into
tomonts, each of which is able to produce up to 3000
tomites which released as theronts. After being released,
the free-swimming theronts can infect a new host or re-
infect the same host, thus compromising its health status
(Lome and Dykova, 1992). Severe damage of the skin
epithelium occurs due to the break of the parasites
through host skin during infection and their release.
This damage might lead to concession of
osmoregulatory process and ion regulation and might
serve as a portal of entry for secondary invaders, leading
eventually to death of fish (Ewing & Kocan, 1987,
Ewing et al., 1994 and Tumbol et al., 2001).

Increasing reports are continually published
indicating that different fish species and populations
have significance difference in their resistance to Ich.
These differences in susceptibility were attributed
primarily to environmental factors and/or genetic make
up of the host (Hines et al., 1974; Clayton and Price,
1992; Clayton and Price, 1994; Price and Clayton, 1999;
Gleeson et al., 2000). Another line of reports assumed
the presence of more than one strain of I Multifiliis
were assumed. This assumption was based primarily on
the wide distribution of the parasite, subtle variation in
cell morphology and serotypic variations among isolates
based on immobilization antigens (Nigrelli et al., 1976,
Dickerson et al., 1993 and Leff et al., 1994). Yet, no
clinical or field evidences were reported to support this
assumption.

Results from the current study report the
Ichthyophthiriasis in Siamis shark (Pangasius sutchi)
for the first time. Initial observations of clinical signs
discrepancies of Ichthyophthiriasis in two aquarium fish
species under similar conditions were also reported.
Investigational approaches might provide a potential
clinical clue for the presence of more than one
Ichthyophthirius multifiliis strain.

Materials and Methods
Natural outbreak

A total of 17 fish; 10 Siamese Shark (Pangasius
sutchi) and 7 Goldfish (Carrasius auratus var.
bicausatus) were introduced to one aquarium at the

department of fish disease and management, College of
Veterinary Medicine, Cairo University in July of 2001.
Two days later, the Pangasius sutchi (P. suctchi) fish
started showing itching behaviors, hemorrhagic patches,
fin rot and white spots all over the fish body. Seven of
the Pangasius sutchi died 10 days after eruption of the
clinical signs. The Carrasius auratus (C. auratus) in the
same aquarium showed only mild hemorrhages on the
side of fish body by the third day and these signs were
completely disappeared by the seventh day. No
mortalities or white spots were noticed on goldfish
during the course of the outbreak.

Experimental Infection

To confirm the previously mentioned observations,
an experiment was designed as in Table 1. A total
number of 36 apparently healthy P. suctchi (total length
7 + 2 cm) and 30 fingerlings goldfish (total length 3 + 1
cm) were used in the experiment. The P. suctchi were
bought from a commercial dealer while the goldfish
were generously donated to the lab by a local
ornamental fish breeder with a health history indicating
that the fingerlings and their parents had never been
previously exposed to ich. The fish were allowed to
acclimatize for a period of 4 weeks in glass aquaria and
supplied with clean dechlorniated water, aeration and
fed on Tetra food fish flakes 2% of the their body
weight at water temperature 25°C. After the
acclimatization period, the fish (Siamese shark and
goldfish) were divided into 4 designated aquaria A, B,
C, D and E as shown in (Table 1). The dimension of
each aquarium was 60X40X30 cm (Length X Height X
Width). At the beginning of experiment, the P. suctchi
(6 fish) in aquarium (A) were used as the source of
infection after induction of Ich. By sudden change in
water temperature (5-7°C temperature differences) 3-4
times on 1 hr intervals. Previous work in our lab with
ornamental fish indicated that the sudden and repeated
water changes of the water temperature induce infection
by Ich in the exposed fish within 3-4 days. After
induction, the P. suctchi fish were split equally between
aquarium B and D (3 fish each aquarium). The fish in
the 4 aquaria were monitored for a period of two weeks,
clinical signs were recorded, and dead fish were
removed on a daily basis and kept in 10% formalin.
Representative samples (2 fishes) of fish showing
clinical signs were also sacrificed and preserved in 10%
formalin for histopathological examination.

Histopathological Examination

Tissue specimens from affected fish (Skin, muscles
and gills) were collected after clinical and gross
examination and immediately fixed in neutral buffered
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formalin 10% for 1 week; dehydration was done using
ascending grades of ethanol (70, 80, 90, and 100% for 1
hour each). The specimens were then cleared in 2
changes of xylene. After blocking using soft paraffin,
serial sections of 4pm thickness were done. The
sections were stained using routine hematoxylin and
eosin stain (Ezz El-Dien, et al., 1998).

Parasitological Examination

Macroscopic examination of the affected fish was
done carefully for detection of visible lesions. Fresh as
well as Geimsa stained smears from body surface, fins
and gills were microscopically examined according to
Pritchared and Kruse (1982). The detected protozoan
parasite was photomicrographed and measured using
ocular micrometer.

Results

Upon the initial natural outbreaks, typical white
spots characteristic of Ich. appeared on P. suctchi,
while C. auratus showed only non specific signs of mild
skin irritation. At the beginning of the outbreak “two
days after arrival” the P. suctchi were restless,
swimming erratically and itching against fixed objects.
Small white spots appeared on the sides of the fish
body, fins and head (Figure 1). In some cases, the small
white spots coalesce together forming larger white
spots. Hemorrhagic patches appeared on the bases of the
fins, fish sides and mouth. Fin rot appeared sometimes
on some of the affected fish. Six days later, the fish
stopped feeding, appeared lethargic and swam near to
the water surface. Seven of the P. sutchi died 10 days
after arrival. Skin scrapping revealed the presence of
different developmental stages of the 1. multifiliis. The
most predominant stage was the mature trophont with
the C-shaped macronucleus (Figure 2). During the
initial natural outbreaks, the goldfish showed only focal
areas of hemorrhages (petichiation), especially at the
root of the scales (Figure 3). Sometimes the
hemorrhagic spots were enlarged and tinged with
mucous. Fish swam erratically during the first 3 days,
and then returned to their normal behavioral. Skin
scrapping from the goldfish during the clinical signs
showed small immature stage of the [ multifiliis
trophont. It was surprising that no mortalities were

recorded in the goldfish during the initial natural
outbreak.

To confirm the previously mentioned observations,
the Ich was induced experimentally and allowed to join
other non induced fish in aquaria B and D. Control
groups (groups C, D and E — Table 1) were not exposed
to any handling and were maintained at the same
environmental conditions. The fish in the treated and
control groups were monitored daily for abnormal signs.
Three days later, the Siamese shark started showing
erratic swimming behavior, itching, hemorrhagic
patches on the sides of the body with few small white
spots. The body of the fish was completely covered with
white spots by the fifth day. A total of 5 and 7 fish died
in tank (B) and (D) respectively by the end of the
experiment. Goldfish showed only mild congestion at
fin basis and small patches of hemorrhages on their
sides and gill covers that disappeared by the fifth day of
exposure. No mortalities were recorded in the goldfish
during experimental infection exposure. Microscopic
examination of the skin scrapping of the affected
Siamese shark and goldfish revealed the same picture
found in the natural outbreak.

Histological sections of the skin of P. suctchi
revealed large trophonts of the I multifiliis that were
prominently lodged in the epidermal layers. The parasite
appeared with large C-shaped macronucleus. Most
trophonts observed were adjacent to the basement
membrane of the epithelial layer and the surrounding
tissue did not show any evidence of damage (Figure 4).
In many sections, there were no signs of damage to the
epidermal cells surrounding the trophont. In other
sections, however, the cells between the parasite and the
basement membrane were hydropic, vacuolated and/or
necrotic with pyknotic nuclei. In other cases, the
macronucleus was not demonstrated in the section either
due to the level of the sectioning or the stage of
maturation of the trophont. Large aggregations of
melanophores were clear around the trophonts and a
large number of club cells activation (Figure 5).
Epidermal cells around the parasite appeared atrophied.
Myodegeneration of the underlying musculature was
clearly observed where the muscle fibers were
hyalinized with prominent destruction of the nuclei. In
goldfish, the detected trophonts in the epidermis were
very small in all examined sections. The tissue reaction
was less common where the melanophores activation
was neglected. Free red blood cells were noticed either
between the epidermal cells or in the dermal layers
(Figure 6).
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Table 1. Design for the experimental infection with /. Multifiliis:

Aquarium Gold fish #

Siamese Shark #

Experimental Group

A 0
B 10
C 10
D -
E 10

6 fish were used for induction then
joined later to B& C aquarium

10

10

10

Treatment group
Control group
Control group

Control group

Figure 2. Wet mount of the Siamese shark skin during infection with Ich. Note the C-shape nucleus of the /.
multifiliis (bar= 75 pm).
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Figure 3. Goldfish showing focal hemorrhages at the base of scales and gill cover (arrows)

Figure 4. Mature trophont of Ichthyophthirius multifiliis in the epidermal layer of Siamese shark (arrow)
(bar =100 pm)
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Figure 5. Melanophores accumulation (blue arrow) around the Ichthyophthirius multifiliis trophont.
Note the activated club cells at the surface of epidermis (yellow arrow) (bar = 100 pm)

4

Figure 6. Small immature trophont of Ichthyophthirius multifiliis (yellow arrow) in the skin of goldfish. Note the
blood cells resulted from the hemorrhages in the dermal layer (red arrow) (bar =25 pm)

10
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Discussion

Initial observation of the natural outbreaks
indicated that the Siamese sharks showed typical
Ichthyophthiriasis signs, while the goldfish showed mild
signs of skin irritation. Current stud reports the first
record of white spot disease in Siamese shark (P.
suctchi). However the presence of the atypical mild
clinical signs in the goldfish, a known susceptible fish
species, was a surprising finding. To confirm these
clinical signs, an experiment was designed to mimic the
natural outbreak in the Siamese shark. The Ich was
induced in P. suctchi which were introduced later to
aquaria contained both P. suctchi and C. auratus. The
experiment was repeated three times to confirm the
clinical signs and ensure consistency of the obtained
data. Clinical signs obtained in each time of the
experiment were consistent with what was recorded in
the natural outbreak.

Discrepancies in the clinical signs between the two
exposed fish species were puzzling and could be
attributed to fish susceptibility. Earlier reports on
ichthyophthiriasis in fish indicated that different fish
species show significant differences in their ability to
resist disease (Hines et al.,, 1974). As early as 1947,
authors observed that Rainbow trout were more
susceptible to infection by Ichthyophthirius multifiliis
than brown trout (Butcher, 1947). Also, Clayton and
Price (1992) demonstrated that susceptibility to Ich
varies between different strains of platy, an aquarium
fish. However, this assumption contradicted with
previous data regarding goldfish. Natural repeated
outbreaks of Ich associated with typical clinical signs in
goldfish indicated the high susceptibility of this species
to Ichthyopthirius multifiliis (Ezz Eldin, et al., 1998). A
similar report was also published in this regard (Ling et
al., 1993). Moreover, goldfish in a controlled
experimental infection with Ich usually develop typical
clinical signs upon contact with theronts (Ling et al.,
1993).

In the current experiment, goldfish developed only
atypical mild clinical signs upon contact with the
infected Siamese shark fish. This might raise a concern
about the variation of exposure of the two species to the
infective agent, theront, in the water, infection dose and
the method of infection used in the experimental
infection. To exclude these assumptions, goldfish and
Siamese shark were exposed to the infection through the
induced fish at the same time to ensure the exposure of
both species to the same infection dose. Moreover the
fish during the first 2 days of adding the goldfish were
held in a low water column (not exceeding 20 cm) to
ensure high concentration of the infective agents.

Previous reports for experimental infection with
Ichthyophthiriasis usually used active culture of
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Ichthyophthirius multifiliis maintained in the lab for
long time (Xu & Klesius 2003 and Sigh & Buchmann,
2000). This active culture usually used the same fish
species of origin in the passage or adapted in different
species. In either case, the parasite might loss its
pathogenicity over long term of passage or become
more pathogenic for the new host over long time of
passage. In the current study, we used the natural
method of inducing infection rather than laboratory
culture to investigate the initial observation. Using this
method of infection induction mimic the natural
infection process and are considered standard to
investigate  natural infection using controlled
experiment. However, a question might rise about the
source of theronts in the current study upon sudden
temperature change induction. Where is the infective
stage come from especially under controlled
environmental conditions? Could it be a normal flora of
fish skin that flares up upon exposure to stress factors
and transform to pathogenic form? Could it be a part of
the aquatic system inhabited by any aquatic animal? A
trail of questions needed to be thoroughly addressed to
clarify the Ich epidemiology completely.

The likelihood of maternal immunity could be
raised as another assumption for the mild infection in
the goldfish during the natural outbreak. It is well
documented that maternal antibodies passed from
mothers to their offspring directly via eggs (Mor &
Avtalion, 1988 and Sin et al., 1994) or indirectly in
mouth-brooding fish via mucus of buccal cavity (Sin et
al., 1994). To investigate this possibility, a naive
goldfish from a brood stock that had never been
exposed to Ichthyophthiriasis was used in the
experimental study. Results excluded the responsibility
of maternal immunity for the atypical mild signs in the
goldfish during the natural and experimental infection.
Meanwhile, the Siamese shark expressed the typical
clinical signs for ichthyopthiriasis, associated with
mortalities reached to 70% and 50 % in natural infection
and experimental infection respectively. This could be
an indication of the susceptibility of the fish and/or the
host specificity of the parasite. In evaluating
discrepancies associated with susceptibility to a disease,
there is often a dilemma of having to use a norm such as
mortality. There are probable rationales as to why one
group of fish differs from another in resistance to a
disease (Chevassus & Dorson, 1990). This is rather
inadequate since the measurement of resistance
(mortality) is rather distant from the authentic infection
process. In ichthyophthiriasis, this is not so much a
predicament since both exposure to infection and
resulting infection levels on the fish can easily be
quantified. The presence of white spots along with
associated hemorrhages and behavioral changes is
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considered the ultimate indication for the presence and
susceptibility of any fish species to the infection with
ichthyophthiriasis.

Histopathological examination of Siamese shark
skin indicated the typical pathological changes induced
by I. multifiliis infection mentioned in previous reports
(Ezz El-dien , et al., 1998). On the other hand, goldfish
skin showed only mild inflammatory reaction and
trophonts in the epidermis were very small and never
reached maturity. This was an indication of the success
of the infection process in goldfish, yet it didn’t reach
the final stages for some reasons. Also, there was no
formation of somatic cysts by the fish body around the
parasite that typically encountered in typical
Ichthyophthiriasis (Price & Bone, 1985). Combine this
pathological picture with the previous reports of
goldfish susceptibility might indicate that the reason
could be related to non specificity of the parasite strain
rather than host resistance. Because of the non
specificity of this parasite, the host tissue reacted in a
way which forced the parasite to leave the body without
completing its life cycle. This is consistent with
previous studies which suggest that rather than killing
the infective stage of the parasite, the host body forces
the parasite to exit prematurely in response to immune
response (Wahli & Matthews 1999).

Current study assumed the presence of more than
one strain of [ multifiliis which differe in their
pathogenicty to different fish species. Previous record
suggested the presence of more than one species of I
multifiliis that possess similar morphological criteria
(Yunchis 1997). These findings could be describing the
atypical mild signs found in the goldfish upon
concurrent infection with Siamese shark. However,
molecular investigation is needed to prove such
assumption. Future research will be focusing on
differentiating the I. multifiliis isolates from both
goldfish and Siamese shark using molecular tools.
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Abstract: Scanning electron microscopy (SEM) and transmission electron microscopy (TEM) are widely used in
material science, metallurgy sicence and life science researches. TEM is an imaging technique where a beam of
electrons is focused onto a specimen causing an enlarged version to appear on a fluorescent screen or layer of
photographic film. SEM is a technique of electron microscope to produce high resolution images of a sample
surface. This article describes the basic principle of TEM and SEM, and their applications. [Nature and Science.

2006;4(3):14-22].
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1. Introduction

Transmission electron microscopy (TEM) is an
imaging technique where a beam of electrons is focused
onto a specimen causing an enlarged version to appear
on a fluorescent screen or layer of photographic film.
The first practical TEM was built by Albert Prebus and
James Hillier at the University of Toronto in 1938 using
concepts developed earlier by Max Knoll and Ernst
Ruska  (Wikipedia, 2006). Scanning electron
microscope (SEM) is a technique of electron
microscope to produce high resolution images of a
sample surface. Due to the manner in SEM the image is
created, its images have a characteristic three-
dimensional appearance and are useful show the surface
structure of the target sample.

TEM and SEM are widely used in material science,
metallurgy sicence and life science researches. An
electron passing through a solid could be scattered for
once (single scattering), several times (plural
scattering), or very many times (multiple scattering).
Each scattering event might be elastic or inelastic. The
scattered electron is most likely to be forward scattered
but there is a small chance that it will be backscattered.
The probability of scattering is either as an "interaction
cross-section" or a mean free path.

Single scattering is an electron undergoes only one
scattering event as it passes through a specimen. Plural
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scattering is an electron undergoes more than one
scattering event but less than 20 as it passes through a
specimen. Multiple scattering is an electron undergoes
more than 20 scattering events as it passes through a
specimen. Elastic scattering is the scattering of an
electron if a negligible amount of energy is lost by the
primary electron in the process. The direction of the
electron may change, but the energy not. Inelastic
scattering is a process by which the primary electron
loses a significant amount of energy.

When the solid specimen is thicker than about
twice the mean free path, plural scattering happens. This
can be modelled using the Monte Carlo technique. The
important features are the fraction of electron scattering
forward and backwards and the volume of the specimen
in which most of the interactions happen.

2. TEM Basic

The following is a brief description for the TEM
techniques (Williams, 2000).

Many physical techniques rely on the interaction
between high energy electrons and the atoms in a solid.
There are many possible interactions and some of the
more useful (in that they give rise to measurable effects)
are simulated on the next page. In the simulations that
follow, high energy electrons, typically 20 keV or
higher, are allowed to interact, one by one, with a single


mailto:hongbao@msu.edu
mailto:xiaotan@umich.edu
mailto:cherng@msu.edu

Nature and Science, 4(3), 2006, Ma, et al, Transmission Electron Microscopy & Scanning Electron Microscopy

atom of aluminium. This atom is assumed to be part of a
solid metallic specimen and it contributes 3 electrons to
a valence band or conduction band. In TEM a thin
specimen is illuminated with electrons, the primary
electrons. This section details some of the interactions
between those electrons and the specimen.

After an inner shell excitation an atom has an
energy above its ground state. It can relax and lose
some of this energy in several ways. This simulation
models the interaction of high energy electrons with
atoms of aluminium. The incoming primary (red)
electron can be elastically scattered, losing very little
energy, or it can undergo an inelastic scattering process.

The interactions modelled include the excitation of
inner shell electrons, the creation of plasmons and
interactions with single valence electrons.

In the simulation, each incoming primary electron
is shown separately after you click on the "Next
electron" button. Subsequent relaxation of inner shell
excited atoms may occur by the emission of an X-ray or
an Auger electron.

Every electron microscope, of whatever type, must
have a source of high energy primary electrons - an
electron gun. The function of the gun is to produced a
fine beam of electrons of precisely controlled energy
(i.e. velocity) all coming from a small source region.

A thermionic electron gun is operated as follows:
Select the accelerating potential (kV). Increase the
current passing through the filament until the knee of
the emission curve is reached (saturation), giving the
best compromise between the beam current emitted (as
high as possible) and the filament lifetime (as long as
possible). Adjust the bias to give the desired
combination of source size and beam current.

Here are two parameters which control the electron
gun: (1) Filament current. The filament current controls
the temperature of the filament and hence the number of
electrons emitted or 'beam current'. Generally we want a
large number of electrons emitted from a small region
of the filament. This is done by saturating the filament -
increasing the filament current until the beam current no
longer rises. (2) Bias. The bias potential controls the
size of the region of filament which emits electrons and
hence it affects both the source size and the beam
current. If the bias is too high no region of the filament
will emit and the beam is said to be pinched off. The
main reason to alter bias is to change the brightness of
the beam.

Diffraction at an aperture (leading to Airy rings)
limits the resolution of many optical systems. Use the
simulation to show that the size of the central disc of
illumination varies inversely with the size of the
aperture (W).
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where

(0 is the angular deflection of the beam at the
aperture.)

16% of the intensity (electrons in the TEM) falls
outside the central disc. Adjust the brightness in the
simulation to see how low the intensity of the rings is
compared to that of the central disc. The Rayleigh
criterion for resolution indicates how close together two
points can be brought together before they can no
longer be distinguished as separate. Resolution (or
strictly resolving power) is defined as the closest
spacing of two points which can be resolved by the
microscope to be separate entities. This simulation
shows two sets of Airy rings showing the variation in
light intensity across the rings.

The actual beam diameter results from the diameter
of the original beam leaving the electron gun, d,
broadened by the effect of spherical aberation in the
lenses d; and diffraction at the aperture, dy. These
depend on the current, i, convergence angle, a,
brightness, P, spherical aberation coefficient, C;, and
wavelength, A, via

2 Ji 1
4 =2 |2
= xlfa
d, =0.5C, 0’
dd=1225

o

The total beam diameter is found by adding these
three effects in quadrature i.e.

d, = fdi +d} +d}

For best resolution in many applications we need to
use the smallest beam diameter.

Electron lenses are the magnetic equivalent of the
glass lenses in an optical microscope and to a large
extent, we can draw comparisons between the two. For
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example the behaviour of all the lenses in a TEM can be
approximated to the action of a convex (converging)
glass lens on monochromatic light. The lens is basically
used to do two things: (1) either take all the rays
emanating from a point in an object and recreate a point
in an image, (2) or focus parallel rays to a point in the
focal plane of the lens.

A strong magnetic field is generated by passing a
current through a set of windings. This field acts as a
convex lens, bringing off axis rays back to focus. Click
on 'Draw rays' to compare the action of an
electromagnetic lens with an optical lens.

The image is rotated, to a degree that depends on
the strength of the lens. Focal length can be altered by
changing the strength of the current.

All electromagnetic lenses act like 'thin' convex
lenses - their thickness can be ignored for most
purposes. The most important property of a thin lens is
its focal length f. Parallel rays entering the lens are
brought to focus at the distance f shown in the diagram.

Try moving the object (red bar) along the optical
axis noting size position, and orientation of the image.
Simple geometry shows that the magnification M, of the
lens:

u, v and f are related by the thin lens equation:

In microscopy, lenses are often used to demagnify
(make smaller) the diameter of the beam. In this case it
is more appropriate to draw the ray diagram as shown
here.

The double condenser system or illumination
system consists of two or more lenses and an aperture.
It is used in both SEM and TEM. Its function is to
control spot size and beam convergence.

Two or more lenses can act together (as shown
here) and their ray diagrams can be constructed using
the thin lens approximation for each of them.

The diagram opposite shows the ray diagram for
the double condenser system. The black dots represent
the focal point of each lens.

The condenser aperture controls the fraction of the
beam which is allowed to hit the specimen. It therefore
helps to control the intensity of illumination, and in the
SEM, the depth of field. The objective lens forms an
inverted initial image, which is subsequently magnified.
In the back focal plane of the objective lens a
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diffraction pattern is formed. The objective aperture can
be inserted here. The effect of inserting the aperture is
shown on the next page.

The depth of field, Dy, is the range of distance
along the optical axis in which the specimen can move
without the image appearing to lose sharpness. This
obviously depends on the resolution of the microscope.
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The depth of focus, Dy, is the extent of the region
around the image plane in which the image will appear
to be sharp. This depends on magnification, Mr.
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The use of two sets of deflection coils enable us to
translate (scan) the beam across the specimen without
apparently changing the angle of incidence or to tilt the
beam without changing its position on the specimen.

An important microscope alignment involves the
centering of the condenser aperture about the optical
axis. If the aperture is off-centre the beam is displaced
away from the axis as the condenser lens is focused.

Astigmatism in the condenser lenses distorts the
beam to an elliptical shape either side of focus and
prevents the beam being fully focused. It is corrected by
applying two orthogonal correction fields in the x and y
directions.

When we form images in TEM, we either form an
image using the central spot, or we use some or all of
the scattered electrons. The way we choose which
electrons form the image is to insert an aperture into the
back focal plane of the objective lens, thus blocking out
most of the diffraction pattern except that which is
visible through the aperture. We use the external drives
to move the aperture so that either the direct electrons or
some scattered electrons go through it. If the direct
beam is selected we call the resultant image a bright-
field image, and if we select scattered electrons of any
form, we call it a dark-field image.

A Bright Field (BF) detector is placed in a
conjugate plane to the back focal plane to intercept the
direct beam while a concentric Annular Dark Field
(ADF) detector intercepts the diffracted electrons. The
signals from either detector are amplified and modulate
the STEM CRT. The specimen (Au islands on a C film)
gives complementary ADF and BF images as can be
seen by clicking the button opposite.

The image of a hole in an amorphous carbon film
illuminated with a parallel beam showing that with the
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objective lens underfocused (0-2) a bright Fresnel
fringe is visible inside the hole; with the objective lens
overfocused (4-6) a dark fringe is visible inside the
hole; at exact focus (3) there is no fringe; the
appearance of the image varies as the x and y correction
(-, OK or +) is altered.

Electromagnetic lenses cause image rotation and
therefore in many microscopes the image will rotate as
the magnification is changed.

As the crystalline specimen is tilted slightly, the
fundamental spot pattern remains but Kikuchi lines
move across the pattern.

The imaging and characterization of dislocations is
commonly carried out by thin foil TEM using
diffraction contrast imaging. However, the thin foil
approach is limited by difficult sample preparation, thin
foil artifacts, relatively small viewable areas, and
constraints on carrying out in situ studies. Electron
channeling imaging of electron channeling contrast
imaging (ECCI) offers an alternative approach for
imaging crystalline defects, including dislocations.
Because ECCI is carried out with field emission gun
scanning electron microscope (FEG-SEM) using bulk
specimens, many of the limitations of TEM thin foil
analysis are overcome (Crimp, 2006).

According to Schaublin’s description, nanometric
crystal defects play an important role as they influence,
generally in a detrimental way, physical properties. For
instance, radiation-induced damage in metals strongly
degrades mechanical properties, rendering the material
stronger but brittle (Schaublin, 2006).

3. SEM Basic

In a typical SEM electrons are thermionically
emitted from a tungsten or lanthanum hexaboride
(LaBg¢) cathode and are accelerated towards an anode.
Alternatively electrons can be emitted via field
emission. Tungsten has the highest melting point and
lowest vapour pressure of metals and this is important
for electron emission. The electron beam with the
energy of 100 - 50000 eV is focused by one or two
condenser lenses into a beam with a very fine focal spot
sized 1 -5 nm. The electron beam passes through
scanning coils in the objective lens that deflect the beam
in a raster fashion over a rectangular area of the sample
surface. As the primary electrons strike the surface they
are inelastically scattered by atoms in the sample. With
the scattering the primary electron beam effectively
spreads and fills a teardrop-shaped volume that extends
less than 100 - 5000 nm into the surface. Interactions in
this region lead to the subsequent emission of electrons
which are then detected to produce an image. X-rays,
which are also produced by the interaction of electrons
with the sample, may also be detected in an SEM
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equipped for energy dispersive X-ray spectroscopy or
wavelength dispersive X-ray spectroscopy.

The most common imaging mode monitors low
energy secondary electrons that is less than 50 eV. Due
to the low energy, these electrons originate within
several nm from the surface. The electrons are detected
by a scintillator-photomultiplier device and the resulting
signal is rendered into a two-dimensional intensity
distribution that can be viewed and saved as a Digital
image and treated by a computer. The brightness of the
signal depends on the number of secondary electrons
reaching the detector. If the beam enters the sample
perpendicular to the surface, the activated region is
uniform about the axis of the beam and a certain
number of electrons escape from samples. As the angle
of incidence increases, the escape distance of one side
of the beam will decrease and more secondary electrons
will be emitted. The steep surfaces and edges tend to be
brighter than flat surfaces, which results in images with
a well-defined, three-dimensional appearance.

For SEM technique, backscattered electrons can
also be detected. With backscattered we can detect
contrast between areas with different chemical
compositions. There are fewer backscattered electrons
emitted from a sample than secondary electrons. The
number of backscattered electrons leaving the sample
surface upward might be significantly lower than those
that follow trajectories toward the sides.

The spatial resolution of the SEM depends on the size
of the electron spot which in turn depends on the
magnetic electron-optical system which produces the
scanning beam. The resolution is also limited by the
size of the interaction volume, or the extent of material
which interacts with the electron beam. The spot size
and the interaction volume are both very large
compared to the distances between atoms, so the
resolution of the SEM is not high enough to image
down to the atomic scale, as is possible in TEM. SEM
has compensating advantages, though, including the
ability to image a comparatively large area of the
specimen; the ability to image bulk materials and the
variety of analytical modes available for measuring the
composition and nature of the specimen. The Scanning
Electron Microscope is revealing new levels of detail
and complexity in the amazing world of micro-
organisms and miniature structures.

For SEM, Conventional light microscopes use a
series of glass lenses to bend light waves and create a
magnified image. SEM creates the magnified images by
using electrons instead of light waves, and it shows very
detailed 3-dimensional images at much higher
magnifications than is possible with a light microscope.
The images created without light waves are rendered
black and white. Samples have to be prepared carefully
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to withstand the vacuum inside the microscope.
Biological specimens are dried in a special manner that
prevents them from shriveling. Because the SEM
illuminates them with electrons, the samples also have
to be made to conduct electricity. When start the
measurement, the sample is placed inside the
microscope's vacuum column through an air-tight door.
After the air is pumped out of the column, an electron
gun emits a beam of high energy electrons. This beam
travels downward through a series of magnetic lenses
designed to focus the electrons to a very fine spot. Near
the bottom, a set of scanning coils moves the focused
beam back and forth across the specimen, row by row.
As the electron beam hits each spot on the sample,
secondary electrons are knocked loose from its surface.
A detector counts these electrons and sends the signals
to an amplifier. The final image is built up from the
number of electrons emitted from each spot on the
sample. The resolution normally is 1 - 20 nm, and
Resolutions of SEM can be less than 1 nm with a better
instrument. It is easier to treat SEM images that to treat
images of TEM. In our researches, we used SEM more
than we used TEM in our researches.

4. JEOL Transmission Electron Microscopes and
JEOL Scanning Electron Microscopes

JEOL has produced TEMs since 1949, and
currently markets state-of-the-art instruments in the 100
keV to 1 MeV ranges designed to support all TEM
applications. Also, JEOL has played a leading role in

the development and evolution of scanning electron
microscopy since the early 1960s. Over the past four
decades, the SEM has become an indispensable tool in
both advanced research and routine analysis for science
and industry. JEOL has installed more than 8000 SEMs
worldwide. The instrument we used in our experiments
is the JEOL scanning electron microscope of Model
JSM-6400V (Ma, et al, 2006).

Since 1949, the JEOL legacy has been one of
outstanding innovation in developing instruments used
to advance scientific research and technology. JEOL has
more than 50 years of expertise in the fields of electron
microscopy and mass spectrometry, and more than 20
years in e-beam lithography and defect analysis.

JEOL USA, Inc., a wholly-owned subsidiary of
JEOL Ltd. Japan, was incorporated in the United States
in 1962. The primary business of JEOL USA is sales of
new instruments and peripherals and support of a vast
installed base of instruments throughout the United
States, Canada, Mexico, and South America (JEOL,
2006). The following gives JEOL TEM and SEM main
products as the references for readers (Tables 1-7).

(1) Current JEOL TEM products
The Table 1, Table 2 and Table 3 are describing the

JEOL TEM instruments currently available (Tables 1, 2,
3).

Table 1. 100/ 120 kV TEM

Resolution Accelerating Voltage Magnification
JEM-1011 0.2 nm Lattice 40 to 100 kV x50 to 1,000,000
JEM-1230 0.2 nm Lattice 40 to 120 kV x50 to 600,000
Table 2. 200 kV TEM/FEG TEM
Resolution Accelerating Voltage Magnification
JEM-2100F 0.14 nm Lattice 80 to 200 kV x50 to 1,500,000
JEM-2100LaBg 0.14 nm Lattice 80 to 200 kV x50 to 1,500,000
Point-image
JEM-2200FS 0.19 nm/0.23 nm/0.25 nm 80 to 200 kV x100 to 1,500,000
/0.28 nm (200 kV)
JEM-2500SE STEM, 0.2 nm Lattice 80 to 200 kV x100 to 20,000,000
TEM, 0.14 nm Lattice
Table 3. IVEM 300 kV TEM/FEG TEM
Resolution Accelerating Voltage Magnification
JEM-3100F 0.14 nm Lattice 100 to 300 kV x60 to 1,500,000
JEM-3010 0.14 nm Lattice 100 to 300 kV x50 to 1,500,000
JEM-3200FS 0.17 nm Lattice 100 to 300 kV x50 to 1,500,000
JEM-3200FSC 0.204 nm Lattice 100 to 300 kV x50 to 1,500,000
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(2) Current JEOL SEM products

The Table 4, Table 5, Table 6 and Table 7 are describing the JEOL SEM instruments currently available

(Tables 4, 5, 6, 7).

Table 4. Conventional Tungsten High Vacuum SEMs

Resolution | Accelerating Voltage Magnification Stage
JSM-6390 3.0 nm 0.3t030kV x5 to 300,000 GS Type: X=20 mm, Y=10 mm
LGS Type: X=80 mm, Y=40 mm
JSM-6490 3.0 nm 0.3 to 30 kV x5 to 300,000 X=125 mm, Y=100 mm
Table 5. Conventional Tungsten Low Vacuum SEMs
Resolution | Accelerating Voltage | Magnification Stage
JSM- HV 3.0 nm 0.5t0 30 kV x5 to 300,000 GS Type: X=20 mm, Y=10 mm
6390LV LV 4.0 nm LGS Type: X=80 mm, Y=40 mm
JSM- HV 3.0 nm 0.3to 30 kV x5 to 300,000 X=125 mm, Y=100 mm
6490LV LV 4.0 nm
Table 6. Conventional Thermal Field Emission SEMs
Gun Resolution Accelerating | Magnification Stage
Type Voltage
JSM- | in-lens | 1.2 nm (30 kV) Type I: X=50 mm, Y=70 mm
7000F | thermal | 3.0 nm (1 kV) | 0.5to30kV | x10to 650,000 | Type II: X=110 mm, Y=80 mm
3.0 nm (15 kV) Type III: X=140 mm, Y=80 mm
Table 7. Semi-in-Lens Cold Cathode Field Emission SEMs
Resolution Accelerating Magnification Stage
Voltage
JSM- 1.0 nm Type I: X=70 mm, Y=50 mm
6700F 2.2 nm (1 kV) 0.5 to 30 kV x25 to 650,000 Type II: X=110 mm, Y=80 mm
Type III: X=140 mm, Y=80 mm
JSM- 1.0 nm (15 kV) x25 to Type I: X=70 mm, Y=50 mm
7401F 1.5 nm (1 kV) 0.1 to 30 kV 1,000,000
0.8 nm (30 k STEM) Type II: X=110 mm, Y=80 mm
JSM- 1.0 nm (15 kV) x25 to
7500F 1.4 nm (1 kV) 0.1 to 30 kV 1,000,000 Type III: X=140 mm, Y=80 mm
0.6 nm (30 kV)
0.6 nm (5 kV)
JSM- 1.0 nm (1 kV) 0.1 to 30 kV x25 to X=2.5 mm, Y=25 mm
7700F 1.0 nm (15 kV) 2,000,000
0.7 nm (1 kV)

5. TEM and SEM Research Examples

As examples, the following is what we have done
in our rabbit atherosclerosis and thrombosis studies that
see can see the handles and result comparisons of light
microscopy, TEM and SEM (Ma, 2006):

(1) Light Microscopy

Rabbit arterial tissue specimen were embedded
in paraffin, cut and mounted on glass slides. The
sections were then stained with hematoxylin and
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eosin and Masson’s trichrome stains. Gross
examination showed that white thrombi with
attached fibrin rich thrombi could be seen on the
intimal surface of the aorta in more than half the
triggered rabbits, and light microscopy showed that
platelet rich thrombi were noted overlying sites of
eroded plaque surfaces, and other areas appeared to
have had plaque disruption the thrombus site. The
light microscopy result give a clear overview for
the sample and it is useful for the anatomic view
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(Figure 1, Figure 2). White thrombi were noted to
be firmly adherent to the arterial wall. These were
cylindrical in shape and had rounded edges. This
demonstrated areas of plaque disruption with super
imposed platelet-rich thrombi. Also, commonly
noted were areas of large lipid cores and thin caps.
These lesions have great resemblance to the
vulnerable human plaques. There was no visible
difference in plaque morphology between the two
atherosclerotic groups.

(2) Electron Microscopy (TEM and SEM) ) . . S
The tissue samples were fixed overnight in 4% Figure 1. Gross examination: White thrombi with
glutaraldehyde (Fisher Scientific, Pittsburgh, PA, attached fibrin rich thrombi can be seen on the intimal

USA) with 0.1 M phosphate buffer (pH 7.4). surfgce of the aorta in more than half the triggered
Rabbit arterial segments (5 mm long) were Tabbits.

subjected to critical point drying in liquid CO,,
mounted on stubs and gold-coated in a sputter
coater. The intimal surface was examined using a
JEOL scanning electron microscope (JEOL Ltd,
Model JSM-6400V, Tokyo, Japan). Tissue sections
were obtained and processed routinely for
ultrastructural examination. Thin sections were
stained with uranyl acetate and lead citrate and then
examined with a transmission electron microscope
(BEI preamplifier, Au Evirotech Company,
Germany). SEM showed that fissures of various
lengths could be seen at the site where thrombus
was present (Figure 3) and. TEM showed that
white thrombi were composed of a dense platelet
rich matrix (Figure 4).

Figure 2. Light microscopy: Platelet rich thrombi were
noted overlying sites of eroded plaque surfaces. Other
areas appeared to have had plaque disruption the
thrombus site.

A. Scanning Electron Microscopy: After
triggering, the intimal surface of rabbit aorta and
ilio-femoral arteries in atherosclerotic group had
focal clusters of red blood cells and adherent
platelets (Figure 3). The plaques had an irregular
surface and ulceration with blood cells and fibrin.

B. Transmission Electron Microscopy: When
compared with control rabbit, atherosclerotic rabbit
arterial wall had increased elastin, degenerated
organelles, lipid droplets, and bundles of
microfibrils. The cytoskeletal and sub-cellular
appearance of smooth muscle cells were altered
with the atherosclerotic diet. The lipid distribution
was mainly in the extracellular spaces with
cholesterol crystal formation (Figure 4).

Figure 3. Scanning electron microscopy: Fissures of
various lengths could be seen at the site where thrombus
was present.
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Figure 4. Transmission electron microscopy: White
thrombi were composed of a dense platelet rich matrix.

6. Applications

Because electro microscopes use a beam of highly
energetic electrons to examine objects on a very fine
scale.  The examination can provide the unique
information. That includes, topography — the surface
features of an object of the looks. Its texture, direct
relation between these features and materials properties;
morphology — the shape and size of the particles making
up the object that related between these structures and
material properties which character specially in the
biological fields; composition the elements and
compounds that the object is composed of and the
relative amounts of them and to determent relationship
between composition and materials properties; finally
crystallographic information — the atoms arrangement of
the object.

Along with SEM, TEM has been widely applied in
life science studies. We have successfully used TEM
and SEM in the atherosclerosis, therombosis and
platelet function studies (Prieto, et al, 2002; Abela, et al,
2003; Ma, ¢ al, 2006)

The basic procedures for TEM and SEM are well
established, for biological and medical science that
involves with sample collection, fixation and
dehydration, embedding, ultrathin sectioning, staining o
ultra thin section, magnification and resolution
calibration while observation and recording the image,
and last analysis the graphs. For SEM, beside
preparation of particulate specimens which including
freeze-fraction for biological sample, mounting and
coating samples are commonly used.

Resentlly, Yucel et al used analyzed rats via TEM.
Corneal autofluorescence measurements were also
performed in all experimental groups. Their results
showed: Electron microscopic evaluation revealed that
aminoguanidine treatment in diabetic rats prevented the
formation of intracellular spaces between neighbouring
cells in the superficial corneal epithelium.
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Hyperglycemia-induced degeneration of intracellular
organelles and formation of cytoplasmic vacuoles in the
corneal stroma was also prevented with the treatment of
AG. Corneal autofluorescence detected in the diabetic
group (5.98 +/- 2.17 Fi/mg protein) was found to be
significantly greater than the control (3.92 +/- 0.56
Fi/mg protein) and the AG-treated diabetic group (4.18
+/- 0.59 Fi/mg protein) (p < 0.05). Interpretation: The
presented data provide evidence that AG is preventive
against corneal alterations in experimental diabetes
(Yucel, 2006).

With TEM technique, Prieto et al found that
thrombostatin and aspirin treated rabbit atherosclerotic
arteries had less platelet adhesion on the arterial surface
when compared to balloon injured controls (Prieto et al,
2002).

In Koufakis et al experiments, conjunctival tissue
specimens from seven normal subjects and eight
patients with SS were obtained by bulbar conjunctival
biopsy and examined by transmission electron
microscopy. Their results demonstrated: The average
number of microvilli per 8.3 microm epithelial length
was significantly lower in the SS group than that in the
control. The microvillus height and height-width ratio in
the conjunctival epithelium in the SS group were
significantly lower than those in normal individuals.
They concluded that ultrastructural morphology of the
apical conjunctival epithelium is altered in patients with
SS and the findings suggest that an intact OSG may
play a key role in the maintenance of a healthy ocular
surface, possibly by preventing abrasive influences on
the apical epithelial cells (Koufakis et al, 2006).

Energy filtering TEM (EFTEM) with modern
spectrometers and software offers new possibilities for
element analysis and image generation in plant cells. In
the present review, applications of EFTEM in plant
physiology, such as identification of light elements and
ion transport, analyses of natural cell incrustations,
determination of element exchange between fungi and
rootlets during mycorrhiza development, heavy metal
storage and detoxification, and employment in plant
physiological experiments are summarized. In addition,
it is demonstrated that EFTEM can be successfully used
in more practical approaches, for example, in
phytoremediation, food and wood industry, and
agriculture (Lutz-Meindl, 2006).
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An Improved Neural Networks Prediction Model and Its
Application in Supply Chain Management

Xiaoni Dong, Tong Zhang
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Abstract: Accurate prediction of demand is the key to reduce the cost of inventory for an enterprise in Supply
Chain. Based on recurrent neural networks, a new prediction model of demand in supply chain is proposed. The
learning algorithm of the prediction is also imposed to obtain better prediction of time series in future. In order to
validate the prediction performance of recurrent neural networks, a simulated time series data and a practical sales
data have been used. By comparing the prediction result of Multi-Layer feedback neural networks and recurrent
neural networks, it can be shown that the recurrent neural networks prediction model can help in improving the
prediction accuracy. [Nature and Science. 2006;4(3):23-27].

Keywords: supply chain; inventory management; recurrent neural networks; multi-step prediction

1. Introduction

A company may hold inventories of raw materials,
parts, work in process, or finished products for a variety
of reasons, such as the following [1]: To create buffers
against the uncertainties of supply and demand; To take
advantage of lower purchasing and transportation costs
associated with high volumes; To take advantage of
economics of scale associated with manufacturing
products in batches; To build up reserves for seasonal
demands or promotional sales; To accommodate
product flowing from one location to another (work in

process or in transit); To exploit speculative
opportunities for buying and selling commodities and
other products.

Recently, attention has focused on developing better
forecasting models that reduce or eliminate inventories,
which reflects the cost of inventory management in
supply chain. ANN, as a new tool, has already been
used in forecasting field due to their ability to learn
complicated functions.

In 1995, Chao-Chee Ku [2] proposed dynamical
recurrent neural networks (DRNN) that overcome the
static modeling problem of multi-layers feed-forward
neural networks in modeling. Y. X. He [3] combined
data mining & knowledge discovery and neural
networks technology to solve inventory problem. C. T.
Xuan [4] summarized applications of neural networks in
supply chain  management (SCM) including
optimization, prediction, decision-making support,
modeling & simulation and management. This paper is
a first attempt to use recurrent neural networks as
forecasting technology to reduce the uncertainty of
inventory management.

2. Prediction Model Based on Feed-forward Neural
Networks
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The neural networks models most widely used in
time series applications are based in feed-forward neural
networks with backpropagation learning algorithm [5].
This model usually constructs multi-layer feed-forward
neural network, and then evaluate function F by time
series. These models consist of a common nonlinear
auto-regressing model appearing in Equation (1), which
is also called NAR Model. In this case, the value at k+1
of this time series is often represented by d+1 entries
time series values, thus:

x(k+1) = F(x(k), -, x(k-d)) (1)

Where k represents the time variable, F is a
nonlinear function that defines this time series.

The common prediction method based on neural
network, namely the single-step neural network
prediction method, set up non-linear prediction model of
the neural network. The following predicting equation
represents the prediction model:

x(k+l)=if,.(x)x(k—i)+g i=0,...d 2

in which f;(x) is the non-linear function of input

variable, d+1 is the number of input nodes in predicting
network.

During the Neural network predicting, the following
equation can be got from the predicting model:

F(k+1)= Zd: £x)x(k —i)

According to the predicting model, figure 1 shows the
structure of the Multi-step predicting. Use the predicting
value into the predicting model; the multi-step value of
the future can be got step by step. In this kind of multi-
step predicting process, when the single-step predicting
result is got, there has being a predicting error which
can be expressed as:

£ = %[x(k +1) =Xk +DJ

A3)

“)
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During the course of inference, using X (k + l) and

the following predicting value as the input of the
network leads to the input error. And as the increasing
of the predicting value, the accumulating error increases
rapidly, which cannot ensure the accuracy of multi-step
predicting. Figure 1 shows the traditional neural
networks recursion multi-step prediction model.

X(k)}—— | \
'\V,f\\.

M\\VL‘

Figure 1. Traditional Neural Networks Prediction Model

3. Prediction Model Based on Recurrent Neural
Networks and Its Learning Algorithm

In this section, a prediction method based on
recurrent neural networks is introduced. The recurrent
neural networks used to build up the prediction model
consist of adding feedback connections from the output
neuron to the input layer, which memorize previous
prediction values!®. In this case, parameters of the
multi-step prediction model are determined to minimize
the error along interval [k+1, k+h+1], where & is the
length of multi-step prediction. Thus, the model is
trained for long-term prediction.

3.1 Description of Recurrent Prediction Model

In order to overcome limitation of traditional feed-
forward prediction model and make full use of the input
vectors to the model, a new prediction model based on
recurrent networks is built up!’*.. The recurrent network
is constructed by starting from a multilayer feed-
forward neural network and by adding feedback
connections from the output neuron to the input layer as
shown in Figure 2.

x(k—d —hy—
x(k = h+1)—]

A

Input Layer

Hidden Layer Output Layer

Figure 2. Recurrent network architecture
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Neural network is divided into three parts: input layer,
hidden layer and output layer. Where X represents the

network output, and Z ' is an operator that delays by i
terms the network output sequence. The input layer is
composed of two groups of neurons. The first group acts
as the external inputs to the network gathering the
original or measured time series data. The second group
is formed by the context neurons, which memorize
previous output of the network. Introducing the vector
C(k) ( C(k)=(C/(k),...,C,(k)) ) to indicate the
activation of context neurons, each component is
calculated as:

Ck)=Z"(xk+h+1)=x(k+h+1-i) i=1....,h (5)

3.2 Learning Algorithm|[9]

Assuming that the prediction length is fixed to 4,
and that at instant & the goal is to predict the time series
values at instants k+1,k+2,...,k +h+1, the number of
input units decreases from d+1 to d+1-A, and the
number of context neurons increases from 0 to #,
respectively. Thus, the sequences received by the
external inputs and the context neurons, at every instant
k, are given by the following sequence:

1. The number of context neurons is initialized
from zero, which will be included in the external
inputs accordingly.

2. The future instants k+i for i=2,...,h+1 are
not real, but simulated. Now the input units receive
the vector x(k+i),....x(k—d —i) , and the (i —1)"
context neurons memorize the previous i—1 outputs
of the network, i.e.:

Cky=%k+i-1)...C_(k)y=%(k+1)  (6)

3. The external inputs and the context neurons

are resettled.

Below are the complete training procedures of a
multi-step recurrent prediction model. At each instant & ,
starting with k =d :

Stepl. The number of context neurons is initialized
to zero. d+1 external input neurons are one set
recelvmg the measured values of the time series,
..X(k—d) . The output of network is given by
followmg equation:

f(k+1) = F(x(k),...x(k —d),W,) (7)

Step 2. The number of context neurons is increased
in one unit and the number of external units is decreased
also in one unit. The context neuron memorizes the
output of the network previously calculated, x(k+1) .
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Thus the prediction at the simulated instant £+2 is
given by:
Rk +2) = F(&(k +1),x(k),...x(k —d +1),%,) (8)

Step 3. Step 2 is repeated until h context neurons
will be achieved. The output of the recurrent model at
simulated instants k+3,....k+Ah+1 are given by the

following equations, respectively:

£k +3) = F(R(k +2),2(k +1),x(k),....,x(k —d +2),W,)

)

Rk +h+1)= FGk+h), ... 2k +1),x(K), ..., x(k —d + h),WV,)

(10)

Step 4. The parameter set of the model, I, , is

updated by following the negative gradient direction of
the error function given by:

e(k+1)= %Zle(x(k+i+1)—5c(k+i+1))2
(11)

In order to avoid the long computational effort
required by dynamic back-propagation rules when the
prediction length is high, the updates of the parameters
are realized using traditional backpropagation learning
rule.

Step 5. At this moment the time variable k is
increased in one unit and the procedure is returned to
Step 1.

The procedure is repeated for the complete training
set until it reaches the convergence.

4. Simulation Experiment
The simulated time series is given by following
equation:
x(k+1) = Ax(k)(A - x(k))
Where 4 =3.97 and x(0)=0.5.

(12)

The equation describes a strong chaotic time serials.
As to enterprise, customer's demand is of uncertainty
due to the influence in such measures as the rival , the
change of customer’s favor, production cycle and the
price reducing, etc., the supply chain system is a
complicated non-linear system. So, such unordered time
array can well use simulate such a system , at the same
time , can test the performance of the prediction model .

We initialize parameter k& from k=0 to
Table 1 and 2 show the prediction errors of two models
over the training data and predicting data respectively.
Figure 3 and Figure 4 display the single step prediction
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curves of two models respectively and Fig.5 and Fig.6
display the multi-step prediction curves of two models
respectively. It is evident that multi-step recurrent
prediction model’s prediction accuracy is much higher
than that of traditional model.

Table 1. Logistic time series: prediction errors over the
training data

length Traditional Recurrent model
h model (3-10-1) (7-15-1)

0 0.0015 0.0015

7 0.0850 0.0135

Table 2. Logistic time series: prediction errors over the
predicting data

lengthh  Traditional model  Recurrent model

(3-10-1) (7-15-1)
0 0.002 0.002
7 0.105 0.026

T T T
—— Real Values
—— Prediction Values

Amp A/mV

I
25

Time T/S

Figure 3. Traditional MFNN prediction at h=0

50

T T T
—— Real Values
—— Prediction Values

1k 4

7V 7 |

20 25 30 35 40 45
Time T/S

Figure 4. MSRN prediction at h=0
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— Real values
—— Prediction Values

Amp A/mV

55 56 57 58
Figure 5. Traditional M-FNN model prediction at h=7

Amp A/mV

50 51 52 53 55 56 57 58

54
Time T/S

Figure 6. MSRN prediction at h=7

5. Application

This paper regards selling data of paper for one
week of one papermaking enterprise as the target that is
studied by the neural network!"”. According to the
experience and investigation from its marketing
department, the factors affecting sales of paper include
season, paper category, unit price, middleman in various
regions, growth rate of macroeconomy in that year, etc..

We just consider two major influence factors, season
and paper category, for building the forecasting model.
Firstly, 52 data of week sales volume for No.l
warehouse in 2002 can be obtained by statistics method.
Secondly, three layers recurrent neural networks model
is adopted. The input layer includes four nodes, for
considering the influence of different seasons. The
output layer includes one node, and the hidden layer has
ten nodes. First 46 data as training samples and last 6
data as testing samples are used to construct forecasting
model of sales. Thirdly, in order to improve the rate of
networks  convergence in training  processes,
normalization technique is applied to 46 training data,
and the batch training method (BTM) is adopted.

Table 3 lists the forecasting errors. Most errors are
controlled below 0.1, and the trend of sales accords with
actual situation. The results of training and forecasting
are shown in Figure 7.

http://www.sciencepub.net
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Figure 7. Training and forecasting of paper sales
In Figure 7, the data from 47" to 52™ points in dash

line denote the results of forecasting, and the solid line
presents the real sales volume.

Table 3. Errors between Prediction Sales and Real Sales

Forcasting Real
Week error
data data
47 1593 1743 0. 0858
48 2361 2310 0. 0220
49 3137 3151 0. 0044
50 1201 1243 0.0337
51 1873 1924 0. 0267
52 1581 1710 0.0757

6. Conclusions

This paper presents a new forecasting model for
inventory management, which is based on multi-step
recurrent neural networks. The recurrent neural
networks have advantages of higher precision and
robustness over the traditional feed-forward neural
networks in multi-step prediction. The forecasting
results in some paper mill certified the new method. The
model will be favor of the inventory decision-making
for deceasing the inventory to minimum.
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