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Design investigation of a magnetic hollow cathode discharge for general laboratory applications
Djamel Boubetra', Hartmut Kerkow”
'LMSE Centre Universitaire de Bordj Bou Arreridj, Algeria

*Alt Karow 17 HUB Berlin, Germany
E-Mail: boubetra@gmail.com

Abstract: We present in this work a model of design gas discharges with cold and magnetic hollow cathode, which
can be useful for the experiments of sputtering and perforation of the layers solid bodies. It would use the physical
principle of crossing electrical and magnetic fields so to increase the ionization way electrons and to guarantee a
long maintenance of the discharge. This arrangement has potential application in a wide variety of laboratory
research and development projects. [Academia Arena, 2009;1(1):1-3]. ISSN 1553-992X.

Keywords: magnetic hollow cathode, sputtering, plasma

1. Introduction

The magnetic hollow cathode (MHC) is an element for the construction of gas discharges arrangement for
different purposes, which are still functional with relatively gas pressures (Boubetra, 2007), the MHC has been
studied in order to improve the life-time of a discharge and of an ion source for an implanter (Tonegawa et al, 1986)
and it would used for an Penning ion source (Joshua, 2008).

2. Experimental and results

It’s consists of the magnetic hollow cathode, the cylindrical anode and a (anti-cathode), those simultaneous
is the magnetic pole piece of the magnetic field in anode region. The potential of the anti cathode could be selected
in voltage range between 200 V and 1 kV, concerning the anode is freely, without the ion stream would have
changed considerably. The polarity of the two magnetic fields to each other had crucial influence on the shape of the
plasma in the anode region. Were the fields antivalent, then arose a strong bundling of the plasma, this can be
explained with the fact that the magnetic flux lines penetrate inside the used hollow cathode and to be pushed by the
permanent magnet.

A strong magnetic scattering field develops directly under the cover of the hollow cathode, there takes
place a strong gas reinforcement of discharge, and all electrons from this range are collected by participation of the
outside field in the plasma production and transferred into anode region. Special characteristic for this field
geometry is the low gas pressure; witch can be lowered up to 0, 1 Pa.

Against it if the two magnetic fields are positioned in series, then the plasma is transferred into the Anode
region according to the cross section of the hollow cathode opening.

In the anti cathode develops an even glowing seam, for its distance becomes larger with increasing suction
tension for the ions (space charge layer). In this field arrangement the spraying installation must be operated with
somewhat higher gas pressures, which shows that the gas reinforcement is not so effective for this magnetic field
arrangement.

In Figure 2 is to shown 200 um thick Si-disk, which was also bombarded in different times with Ar-lons.
The sample were perforated after two hours radiation, after four hours the hole diameter rose of 2 mm to 4mm, from
which a certain radiation not homogeny in outer zone is to be read off, with the arrangement of parallel magnetic
field was tried a homogeneous demolition , however the homogeneity of the demolition was not satisfying because
the deviation were over a sample diameter more than 10%, also attempts were to tested by a sample shift a diagonal
cross section not very successful and only by accident one could receive an edge sharp edge at evaporated films.

The power conversion at the samples was substantial by the high ion current density of several 100
mA/cm?, the sample heating up played a large role with the attempts sometimes then it came also to bubbling at the
surface, which resulted from current charges of the sample by to high loss rates.

The form of the plasma is determined by the polarity of the two magnetic fields to each other. If the
magnetic fields of the hollow cathode and the anode region are arranged against each other for plasma focusing, then
a focal spot develops on the Anticathode and/or anode. If the magnetic fields lie parallel to each other, then the
plasma is transferred wide into the anode region.
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Figure 2. Photography of perforation by sputtering from 200 pum thick Si samples
a) after 2h/SmA/800V - ion bombardment
b) after 4h/SmA/800V—ion bombardment
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Conclusion

By use this arrangement with crossed electrical and magnetic fields the gas pressure can be reduced
likewise according to the extension of the ionization ways by the circulation of the electrons in the magnetic field ,
This leads then to a smaller gas need for the maintenance discharges and a decrease the gas load of the recipient in
the vacuum installation This magnetic hollow cathode is an element with which one different ion source types can
realize like Penning ion source, sheet ion source and duoplasmatron.
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A Procedural Schedule For Groundwater Flow In Porous Media
Odunaike R. K. Usman M. A. HammedF. A. Adeosun T. A. and Olayiwola, M.O.

1 Department of Mathematical Sciences,
Olabisi Onabanjo University, Ago-lwoye, Nigeria.
2 Department of Mathematics, Yaba College of Technology, Lagos, Nigeria

Dr. Usman M A
Dept. of Mathematical Sciences
Olabisi Onabanjo University, Ago-lwoye, Nigeria.
usmanma@yahoo.com

ABSTRACT: The classical Darcy,'s law is generalized by regarding groundwater flow as a function of the
hydraulic head; which is' a quantity of primary interest. This generalized law and the law of conservation of mass
are then used to derive the generalized form of the groundwater flow equation. Analytical solution of this
groundwater flow equation for which a fractal dimension for the flow is assumed. Equation of unsteady flow in a
leaky aquifer is discussed. Prediction of groundwater flow with illustrations of contouring the water table map helps
to predict the direction of flow. [Academia Arena, 2009;1(1):4-12]. ISSN 1553-992X.

Keywords: Porous media, Darcy's law, Hydraulic Head Introduction

INTRODUCTION

A problem that arises naturally in groundwater investigation is to choose an appropriate geometry for the
geological system in which the flow occurs. For example, one can use a model based on unsteady state radial flow to
simulate the flow in porous media with a very large pore iluid density (Black et al, 1986). This is in particular the
case with the delineation of freshwater aquifer in the Coastal area of Lagos State (Ikoyi, Lekki, Apapa and Victoria
Island), characterized by the presence of boreholes drilled in these area that serve as the main drawdown in pumping
wells. Attempts to fit in analytical solution of the groundwater flow equation with a one dimensional flow and fit a
Conventional radial flow model to the observed drawdown at early times underestimates and later times over
estimatest™~ 4,

The derivation of a generalized groundwater flow equation from the law of mass Conservation and energy
balance is usually an indication that the theory is not implemented correctly or does not fit the observations. To
investigate the possibility on the Lagos coastal areas. A generalized equation of groundwater flow in three-
dimensional equation is expressed ast®%

OX ox) oy oy) oz 0z ot

A fractal one-dimensional groundwater flow equation is assumed as an hypothetical case of a closed
aquifer for which the flow is essentially horizontal direction and independent of y and z- axis.

(k)os, 2
OX OX ot
v][kvh]=5s 2, h @)

Where Ss the specific storativity
Where K the hydraulic conductivity tensor of the aquifer
Where h(x,t) the hydraulic head with x and t the usual spatial and time coordinate

Where V the gradient operator
Where 0, the time derivative
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The model showed that the dominant flow in these aquifers is essentially horizontal and linear and not
vertical and radial as commonly assumed. However, more recent investigations (Cloot and Botha, 2006) suggest that
the flow is also influenced by the geometry of the bedding parallel fractures, a feature that Equation (3) cannot
accour[lltlf?sg. It is therefore possible that equation may not be application flow in fractured rock other than a porous
media" —

In an attempt to circumvent this problem, we introduced a conventional geometry of the aquifer, which
assumed a fractal one dimensional flow (Figure I). Although this model has been applied with reasonable success in
the analysis of the hydraulic head from borehole in the Lagos' Coastal Areal*®!

As a review of the derivation of Equation (2) will show [Bear, 1972], Darcy's Law is used as a keystone in
the derivation of Equation (2)®!.

q(x,1)=-kvh .. (3)

This law proposed by Darcy early in the 19" century, is relying on experimental results obtained from the
flow of water through a one-dimensional sand column, the geometry of which differs completely from that of a
fracture ™. There is therefore a possibility that the Darcy's law not be valid for flow in fractured rock formation but
is only a very crude idealization of reality. Nevertheless, the relative success achieved by (Cloot and Botha, 2006) to
describe many of the properties of Karoo aquifer on the campus of the university of free State, suggests also that the
basic principle underlying this law may be correct: the observed draw down is to be related to either a variation in
the hydraulic conductivity of the aquifer or a change in the hydraulic head. Any new form of the law should
therefore be reduced to the classical form under a more common condition. Because K is essentially determined by
the permeability of the porous medium and not the flow pattern, the gradient term in Equation (3) is the most likely
cause for the deviation between the observed and the theoretical drawdown observed in the Karoo formation. In this
work, the possibility is further investigated for a flow symmetry form of Equation (2) by creating an artificial
vertical fault that divides the aquifer into two compartments of length L, on the left and L; on the right. The fault
gauge is sufficiently low in hydraulic conductivity that acts as a flow barrier. Thus, the left compartment is
hydraulically isolated from the right compartment. Initially, the hydraulic head is h; in the left compartment and h,
in the right compartment. Assume that at time t =0, the fault is ruptured by an eatlhquake, so that the two
compartments are now hydraulically connected. The earthquake would deform the aquifer causing changes in
hydraulic head. The question we want to answer is, what happens to the hydraulic head distribution in the aquifer
after the fault rupture? '

Therefore, when the fault ruptures, we expect groundwater to flow from compartment with higher head to
compartment with lower head, in other word, flow would occur essentially in horizontal x-direction. Analytically, if
we set the original length of the x-axis at the left hand boundary, then the How domain is for one-dimensional flow
in a homogenous aquifer, the governing in equation (4).

|
]« > |
i 77 s R L,

st e
e o P e e S A

Piezometric surface

h; - h: = drawdown

7 T

A L
us laver

T
impervio

Fy

Figure 1. Flow through a confined aquifer
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. d*h S, oh
The boundary condition are iy (4)
OX K ot

O<x<L, +1L,
a—h:Oatx=O
OX
a—h:Oatx=Ll +L,
OX

The initial conditions are
h(x,0)=h, foro<x<L,
h(x,0)=h, forL,<x<L,+L,

Separation of variables is employed and the solution is assumed as:

h(x,t) = f(x) . g(t) ®)
where:

a= iandf(0)=0for K, =%
K L

Using these in solution of (5), we have,

nz . n°n’Kt
h(x,0)= A, + Cos 3 X\ 5.
Initial condition, we have,
> nz . n’n?Kt
h(x,0)= A, + > A Cos——xA—— (6)
) L SL
Substitute for Ay and A, from Fourier integral, we have
1 L
A, LI f (x)dx and
L
I Cos —dx
O
15 n?n Kt SN s n 7zx
_II (x)x + = ;x 5.1 - .([f(x)Cosde (7)

Let x be a dummy variable of integration. To find the solution to the flow equation, we replace L in
Equation (7) by L;+L, and in addition, we replace f(x) by h(x,0) as defined. The integral inside the summation on
the right hand side of equation (7) and substituting the preceding integral, we have.

h(xlt)zhll_l+h2L2 i nznZKt 05 N2 (hl—hz)(L1+L2)Sin na,

L +L, L1+L =) SL1+L L +L, nz L, +L,
hL,+h,L, 2(h —h 2n? .

h(x,t)=-22 22 2h, Z J K s M gjp D7k .(8)
L +L, 7 =n S (L+L) Li+lL o L+l

This solution can be expressed in dimensionless form as:

hy (X515 )= Lo +32%x”2”2‘0 Cos(nmx, )Sin(nz, ) ... ©)

7T n=1
Where:
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X
The dimensionless distance- Xp =——
L, +L,

. . . Kt

The dimensionless time - by =+ —

(Ll + L2) Ss

. . L,
The dimensionless - LD - =
L, +L,

One advantage of a closed form analytical solution is that it allows us to examine the behaviour of the flow
system. There are several interesting features in this solution. The first term on the' right hand side is the steady state
part of the solution. It gives the head in the aquifer when t is very large (Figure 3). The second term on the right
hand side is the transient part of the problem. Because t appears in the argument of the exponential function, the
second term tends to zero as t becomes large. Furthermore, note that the second term goes to zero at a faster rate if
K/Ss (hydraulic diffusivity) is large. Thus, the hydraulic diffusivity is a quantity that controls the rate of hydraulic
head.

Unsteady Flow in a Leaky Aquifer

The generalized groundwater flow equation in a leaky aquifer is of the form,

Ssa—thvzh—G (10)
ot

e h, —h
where G = ?, ande =K* Obl can determined form Darcy’s law.

Under this condition, the above equation becomes a radial flow,

2
T(a > +1§J—si—q=o

or2 ror) ot
where
K* S
=—S=— (11)
a b C
Using the same approach as the solution for the confined (Theis) solution, we obtained the leaky partial different
equation:
0°’S o5 0S r?
u >t — |t - -S=0 ..(12)
ou ou) ou 4uL
and from separation of variables, we obtain an appropriate solution
r
5= wlul ..(13)
4T B

r r
The quantity — is given by ——————
B JT (K /0Y)
Which holds as long as U < 0.01
Where W (u , Lj is dimensionless form from a logarithm plot chart.
B
The plot of S = hi - h; versus t at various observation wells, since drawdown is the hydraulic heads

measured the level of the water table in wells relative to the piezometric surface (Figure I). The change in
water table in the pumping well or in observation well nearby is referred to as drawdown (Figure 5).
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APPLICATION

Set of drawdown data was analyzed in order to validate the new method. The examples were obtained from
borehole drilled along the coastal area of Lagos State. The boreholes belong to companies operating along the
coastal area. The examples were to illustrate the application using equations developed in this case.

Example 1
A well is located in an aquifer with a conductivity of 15 meters per day and a storativity of 0.005. The
aquifer is 20 meters thick and is pumped at a rate of 2725 cubic meters per day. What is the drawdown at a distance
of 7 meters from the well after one day of pumping?
- Hydraulic conductivity = 15 metres per day
- Storativity = 0.005
- Aquifer thickness = 20 metres
- Pumping rate = 2,725 cubic metres per day
- Distance from the well = 7 metres
T=Kb = m/day x 20m = 300 m*/day

ye r’s _ (7m)’ x0.005

= - =0.0002
4Tt 4x300m* /day x 1day
From the table of W(u) and u, if u = 2 x10™, w(u) = 7.94:
3
h —h, = Q W(u): 2727m /dayzx 7.94 _5.73m
AxT 4x 7 x300m* /day

The draw is 5.73 meters after one day.

Example 2
A well in a confined aquifer was pumped at a rate of 220 gallons per minute for about 8 hours. The aquifer was 18
feet thick. Time drawdown data for an observation well 824 feet away are given in table 2. Find T, K, and S.

W) =1
u =1
h,—h,

t/r* = 6.06 x 10°

Radial Diameter d = 20ft

Pumping Rate = 220 gallons per day for 8 hours
Agquifer thickness = 18 feet

Transmissivity:

114.6QW(u) 114.6x220x1.0

T= =10,500 galonsgpd I ft
h, —h 2.4 d ®
Hydraulic Conductivity:
_T 10500 geh0nd /4t
b 18
Storativity
S= Tu xt/r?= 10.500x1 x6.06 x107° =0.00002..... (Theis method)
2693 2693
1-n
S= Qr = 220 =0.000018 (Cloot & Botha method)
47Td  47(10,500)20)
S = QW (u) _ 2200 =0.0016 L (Observation)

47Td  4x 7 x10,500
(Seefig4 & 5)
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Example 3

An aquifer 10 meters thick is penetrated by a well It is overlain by a semipervious layer | meter thick with a
K" of | 0-° centimeter per second. There is no storage in the leaky confining layer. The aquifer has a K of ] 0.2
centimeter per second and an S of 0.0005. If a well pumps at 500 cubic meters per day, compute values of
drawdown at I, 5, 10, 50, 100, 500, and 1000 meters. (see Table 2)
Aquifer Thickness = 10 metres

Storativity = 0.0005
Pumping rate = 500 cubic metres per day
Various depths = I, 5, 10, 50, 100,500 & 1,000 metres

r = distance to the observation wells

t = time since pumping begin

K =10 cm/sec x 60 sec/min x 1440 min/day x 10 m/cm = 8.64 m/day

K' = 10-° cm/sec x 60 sec/min x 1440 min/day x 10-> m/cm= 8.64x 10 m/day
b'=-Im

b’=I0m

T = Kb = 86.4 m*/day

B = (Tb/K") ¥?

= (86.4 m?/day x 1 m /8.64 x 10.%/day)"*

(104)1/2
B =100
y e r’s _ r?x0.0005 1 44x10r
ATt 4x86.4x1
T 107
B 100
h, —h, Z@W u,L =1.06W U,Lj (our observation) see Figure 5
47T B B

As u = 1.44x 10°°%, we can find the value of u for each r-value

4.1 Discussion of Results:

All the three examples of drawdown data show that the new method underlying this law and the observed
drawdown variations in hydraulic conductivity of the aquifer is correct. Each of the analytical solution describes the
response to pumping in a very idealized representation of aquifer configurations. In the real world, aquifers are
heterogeneous and isotropic: They usually vary in thickness; and they certainly do not extend to infinity. Where they
are bounded, it is not by straight-line boundaries that provide perfect confinement. Aquifers are created by complex
geologic processes that head to irregular stratigraphy and trendouts of both aquifers and aquitards. The Predictions
that can be carried out with the analytical solution presented in this paper must be viewed as best estimates. In
general, hydraulic head solutions are most applicable when the unit of study is a well.

They are less applicable on a large scale, where the unit of study is an entire aquifer.

The graphical method of solution starts with the construction of reversed type curve of W(u) against I/u on
logarithm paper (Figure 4). Data from observation well located at different distances from the pumping wells were
used. If there is only one observation well, then it is sufficient to plot hi - h, as a function of t (Table I). .

Using "Contouring the Water Table Map", we noticed that the contours form V's with the river and its
tributaries. That's because the river is a "gaining" river. It is receiving recharge from the aquifer. The contours show
that ground water is moving down the sides of the valley and into the river channel. The opposite of a gaining
stream is a "losing" stream. It arises when the water table at the stream channel is lower than the stream's elevation
or stage, and stream water flows downward through the channel to the water table. This is very common in dryer
regions of the Southwest. In the case of a losing stream, the V will point downstream, instead of upstream. (Figure
6).

When making a water table map, it is important that your well and stream elevations are accurate. All
elevations should be referenced to a standard datum, such as mean Sea level. This means that all elevations are
either above or below the standard datum (e.g., 50 feet above mean sea level datum). It's also very important to
measure all of the water table elevations within a short period of time, such as one day, so that you have a
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"snapshot" of what's going on (Adeosun et al 2006). Because the water table rises and falls over time, you would be
more accurate if readings are made before these changes occur.

Understanding how ground water flows is important when you want to know where to drill a well or a
water supply, to estimate a well's recharge area, or to predict the direction of contamination is likely to take once it
reaches the water table. Water table contouring can help groundwater developer to do all these things. Hence,
groundwater flow through the subsurface is the whole essence of this paper and called for further investigation.

CONCLUSION

It has been clearly demonstrated that the study of flow in porous media was recognized in detailed through
the physical behaviour of subsurface water and their interactions with the solid matrix (flow of groundwater was
delineated through the presence of boreholes drilled along the coastal area of Lagos State for characterizing the flow
in the subsurface aquifer. The classical Darcy's law governed the flow in porous media by regarding ground water
flow as a function of the hydraulic head. A complete statement of this flow problem required specifying the extent
of the flow domain, the governing equation, spatial distribution of properties, for example, hydraulic conductivity
and specific storativity, boundary conditions and initial conditions. Analytical solution of this flow equation for
which a fractal dimension was assumed to yield a closed form solution that could be written on paper and also be
examined to understand the behaviour of the flow system in a typical limited homogeneous flow domain with
relatively simple geometry.

The problem of solving fluid flow through porous media has proved analytically intractable and the
problem of understanding flow and storage in aquifers is very complex. It was -recognized that flow through' such a
medium is very significantly influenced by the porous media characteristics such is porosity and permeability. A
limitation of this work is the estimation of permeability (hydraulic conductivity) of the medium which can not be
examined and investigated without being to the field, even if examined, permeability estimation has proved to be
complex and this concept has limited the free flow of fluid within the porous medium. Therefore, this work is hoped
to complement the study of flow through porous media that might have been done in other parts of the world and
contributes to the unveiling knowledge of the applicability of flow in porous media. Prediction of this flow shows
several interesting qualitative features such as graphs and contouring of water table map, which held to predict
change in drawdown in pumping well and the direction of flow. The method becomes more accurate and easy to
handle with little or no variations in the observed drawdown and water table flow prediction.

NOMENCLATURE
S = Storativity
T = Transimissivity (L>T?)

h; -h, - drawdown (L)
Q —pumping rate (L°T%)

t =time, (time since pumping began)

r = radial distance from pumped well (L)

e = leakage rate

B = leakage factor (Lb™?) = thickness of leaky layer (L)

b' = thickness of leaky layer (L)

K'= vertical hydraulic conductivity of leaky layer (LT™)
(X, y)=rectilinear coordinator

S, = specific storage

h =head (L)

q = specific discharge (M*d™ per m?)

K = hydraulic conductivity of aquifer (md™)

h,, h; = hydraulic heads measured along flow path
L = distance between head measurements (m)

W = width of cross - sectional flow (m)

D = height of cross-sectional flow (m)

W (u)= dimensionless form from chart

G = leakage factor

U = flow velocity

10
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Table 1: Drawdown Table

Time After Pumping Started (min) TIr? Drawdown (ft)

3 4.46 x 10° 0.3

5 7.46 X 10°® 0.7

8 ug x 10 1.3

12 1.77 x 10° 2.1

20 2.95x10° 3.2

24 3.53x10° 3.6

30 4.42 x10° 4.1

38 5.57 x 10°° 4.7

47 6.94 x 10° 5.1

50 7.41 x10° 5.3

60 8.85x 10° 5.7

70 1.03 x 10 6.1

80 1.18 x 10 6.3

90 1.33x 10* 6.7

100 1.47 X 10* 7.0

130 1.92 x 10* 7.5

160 2.36 x 10™ 8.3

200 2.95x 10™ 8.5

260 3.83xI0™ 0.2

320 472 x 10* 0.7

380 5.62 x 10™ 10.2

500 7.35x 10 10.9

Table 2: Field Data
u W

1m 1.44 x 10 0.01 9.44
5m 3.6xI10° 0.05 6.23
10 m 1.44 x 10* 0.1 4.83
50 m 3.6x10° 0.5 1.85
100m 1.44 x 102 1 0.824
500 m 6x 10" 5 0.007
1000 m 1.44 10 00001

From the computed values of W(u, r/u) at each observation point, the drawdown can be computed from hy - h = 1.06

W(u, r/b)
R
m
5m
10m
50m
100m
500 m
1000 m

h:- h,
9.44m
6.23m
4.83m
1.85m
0.824m
0.007m
00001m

11
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Comparison of the Wehner Spots With Angle Distribution Sputtered Atoms Materials
Dj. Boubetra and L.Selmani
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El Anasser 34265, Algeria
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Abstract: The causes for the Anisotropy in the angle distribution sputtered atoms is yet extensively unexplained.
Therefore experimental investigation should be carried out to this question. The ions beam was used for comparing
investigation between the distributions of back steered ions and sprayed atoms. We know that the pulverization of
crystals shows an anisotropic angular distribution of pulverized atoms. The appearance of these phenomena is
initiated once Wehner spots are obtained by putting a receptor in front of the sample, which shows a correlation with
the principal crystallographic axes. Other study shows that till now the studies and works already done are not
strongly founded in the sense of the correspondence of the Wehner spots and the principal axes of the crystals.
Measurements are represented in many works and during the last years detailed studies on gold crystals (111).
Principally the gold atoms emissions have appeared in the directions (110) and (111) for which the intensity to
energy ratio of projectile ions is modified. Emissions directions are to be maintained in addition to representation
and for omitted raison directions changes have to be taken into account. After the studies of deviations in the
emission direction appear during the copper crystals pulverization. The authors allocate this fact to the influence of
the forces of superficial links which should generally lead to a preference of the particles emission in the normal
direction to the surface. The question is who it makes that the link ratio for different crystals directions have a
different response; however, it is shown that the application of an ionic beam emitter, to examine the interference of
the direction emissions of the pulverized atoms with principal crystallographic axes is necessary. [Academia Arena,
2009;1(1):13-17]. ISSN 1553-992X.

Key words: Anisotropy, angular distribution, sputtering, crystallography

Experimental and Methods

The principle of the exact determination of the angle distribution sputtered atoms and the crystal direction
was based up on the registration of the particle currents in the pulverisation through precipitation development on a
transparent plastic foil and through photographic registration of the particle current reflected Proton arrangement
shows in Fig.1. In a reason disk out of aluminium, a hole is bored in the middle to the reception of the copper-mono-
crystals. Around the crystal as an axis, a cylindrical screen is mounted, that is connected with the circular disk
firmly. This screen contains in the middle a hole through which the ions ray is arranged on the sample. The screen
consists of a film stage, in which a transparent plastic film could be inserted to measure the angle distribution of
sputtered atoms or a photographic film, with which an over energy, reflected Proton become (Protonogram)
recorded.

Half Cylinder
{r=25mm)

Hole —
D=4mm

Plastic Film

ALRARRY

lon
Beams

Target

Figure 1: Schematic representation of radiation
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Because in the two cases the disposal (arrangement) of the film support is the same with respect to the
crystal, we can superpose the film and the transparent to observe that the correspondence of the emitted particles and
the crystallographic axes of the sample.

Wehner Spots Apparition

To determine the angular distribution of the pulverised atoms, a transparent sheet is inserted in film carrier
linked to the device in which is placed the sample (copper mono-crystal) with the wanted direction, the device being
connected to the last electrode placed under the ions optics land of the beams emitter.

With a current of about 100pA, the sample is bombarded with Ne and Ar ions during 15-30 min., as a result
we obtain the matter distribution on a plastic sheet and because it consists of a cylindrical arrangement, it is
important to place the emission direction in the meridian plane of the device, in addition the crystal should be turned
in parts around its axes until the geometry is optimal to measuring angle, this has been reached after 2-3 tests. With
this arrangement and the desired image we undertake the copper crystal direction in the film carrier and this is done
due to the angular distribution recording of the reflected protons.

Figure 2. Comparative representation of the network plane structure of a mono-crystal Cu-(111) obtained by
measurements of dispersion with protons (protonogram). With the arrangement of Wehner spots, during the same
angle of deviation between the surface and the axis of the crystal, a)Wehner Spots by Protonogram ¢) Common copy
of the two photography that shows clearly the Wehner spots deviation very weak compared to the desired emission
direction according to the protonogram.

14
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Determination of the Crystal Direction

We bombard the copper mono-crystal with weight and rapid particles; hence those penetrate deeply in the
crystal. For protonogram photography we have taken 300kV protons with a 2pA current, an exposure time of 10s
and a desensitized film, the desensitizing of the film necessitate the device installation in the dispersion room under
the green light.

The protonogram is based on the reflection of the weight projectiles on the heavy atoms sample, the weight
and rapid protons deeply penetrate in the mono-crystal. During a redispersion of the protons in the total angle sector
around atoms network can be lighted up, a proton can be also reflected due to a collision with the atoms network in
all the direction of observation, here however every atoms network is surrounded with adjacent atoms, regularly
distributed and this for every adequate atom is repeated in the depth direction and the side. The protons can not be
emitted by the effect protecting the adjacent atoms along their distribution direction. Even though, the protons are
reflected in all the direction during the particular spreading process on the atoms network, they are however, stopped
by the surrounding adjacent atoms in this direction of emission.

Because in this direction no proton is emitted, given rise on the gleam screen or on photographic film as an
plane image of the network with darken films on the illuminated background plane which is produced by irregular
spread protons. Because of the effect protecting adjacent atoms we call the process “Blocking Effect” or the
“Shadow Effect” (Barett, 1973).

Figure 3. Comparative representation of the network plane structure of a mono crystal Cu-(001) obtained by the

dispersion measurement using protons (protonogram). With the Wehner spots arrangement, during the same angle

deviation between the surface and the axis of the crystal.

a) Wehner spots.

b) Protonogram .

¢) Common copy of the two photographies: Wehner spots and mono-crystal principal axis directions that correspond
well surface normals.

15
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Discussion and Summary

As it is shown in the Fig. 3 that with direction crystals of surface (100), the emission direction and the
crystallographic axes are well joined. On the other hand, for crystals (111) (Fig. 2) the directions correspondence
with pulverisation images exist; while for the directions (100) a deviation is clearly observed with respect to (100)
direction in the protonogram of around 2 mm with a radius of 25 mm of the film carrier of cylindrical form
corresponds to a 20° of angle shifting. The emission direction of the normal is preferred. Similar observation are
already done by the work (Niedrig et al., 1987), if the cause should be the engagement energy of the surface, this
should also affect the directions (100), because they passes also to the surface normal. For the other directions of the
crystal also, we could observe the shifts. According to work (Robinson, 1981), overcoming the voltage barrier at the
surface should cause angle enlargement at the output during the extraction of atoms relatively the normal, however
the opposite shift is observed for centred crystals clear deviations of the position of Wehner spots is also observed.
Consequently, it is evident to postulate to surface atoms relaxation,, this should be easily seen, because the atoms of
the centred side position possess the shortest path of link compared to the atoms at the cubic corner points of the
crystal network with centred fronts. If a crystal of this type is cut along the surface diagonals, these atoms arrive to
the surface because they are under pressure due to their short link distances, they can be relaxed; this relaxation
should be recovered on the first and the second atoms positions. Is it about the surfaces (100) or (110), the
relaxations in the pulverisation image are not shifted, because the percussion direction coincide with the relaxation
direction. If it is about however, more surface (111), the relaxation direction and the percussion direction between
the atoms of the first and the second position do not correspond anymore.

=

Zs S
%76:}%0 E B
%’, =

(110)

=00 1> 111y

Figure 4. Schematic representation of the process. For the relaxation of atoms vertical with respect to the surface
emerges a modification in the Wehner spots situation. While for the spot (100) stills not influenced by the
relaxation, It is produced for the axe (001) a change in the particles emission direction.

If we evaluate quantitatively the shift on the basis of the model shown in Figure 4. A relaxation of atoms
on the surface, 50% of this value is calculated by the adoption of the appearance or creation of Wehner spots comes
from the percussion interaction between the adjacent atoms is always a central percussion, i.e.: There exist no
preferred percussion direction of second position atoms, however the atoms possess percussion energy of second
position atoms in the preferred direction, which coincide with the packed and close balls directions. Hence, the
oblique percussion between adjacent atoms are also possible. In this case, the network atoms are not concerned, but
the percussion radius which is crucial and the ratio between the distance and the percussion radius of atoms which
decide on the percussion oblique if it increases or decreases. With percussion radii which are small with respect to
network gap, the oblique deviation increases concerning the central percussion, because the transferred energy of the

16
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surface atoms during the pulverisation increase in a multiple of links energy, the percussion radius can be ten times
less than network distances, hence the network relaxation values are reduced from 50 to 5%. Similar values have
been found (Davies et al., 1975; Saris, 1982) with the measurement of Surface-Blocking-Effect, h s method is
relatively expensive and necessitate very high vacuum conditions, the arrangement of the Wehner spots relaxation
process is in the other hand simpler and possible under the high vacuum conditions, if we increase also the
sensitivity of the measurement method with the use of a particle test, it can be possible not only to determine the
metals structure, but also the arrangement arbitrary matters atoms on the surface, if it is sufficiently regular.
Consequently, it appears very important also to examine very far the mono-crystals surface particles emission
question and other matters, because new structural analysis methods of solid bodies’ surfaces can emerge.

Acknowledgement
This research was supported in part by the Department of physics, Humboldt University Berlin.

Correspondence to:

Dr. Djamel Boubetra

Centre Universitaire de Bordj Bou Arreridj
El Anasser 34265 Algeria

E-Mail : boubetra@gmail.com

References

1. Barett, C.S., 1973. In: Scattering (Blocking) Patterns Applied to Crystallography, (Eh.) Morgan,
D.V. and Wiley and Son, London, N.Y., Sydney, Toronto.

2. Niedrig, H., I. Linders, M. Steinberg and M. Edermann, 1987. In: Detection of Angular Atomic
Emission Distribution from Sputtered Single Crystals, Scanning Microscopy Supplement, 1: 23.

3. Robinson, M.T., 1981. In: Sputtering by Particle Bombardment I, (Ed.) R. Behrisch Topics in
Applied Physics, Springer, Berlin, 47: 73.

4. Davies, J. A., D.P. Jackson, J.B. Mitchell, P.R. Northon and R.L. Tapping, 1975 Phys. Letters 54A,
239.

5. Saris F. W., 1982, Nucl. Instr. And Meth. 194, pp 625-632

8/30/2008

17


mailto:boubetra@gmail.com

Academia Arena, 2009;1(1), ISSN 1553-992X, http://www.sciencepub.net, aarenaj@gmail.com

Chlorophyll a dynamics and environmental factors in a tropical estuarine lagoon
*Onyema, [.C. and Nwankwo, D.I.

Department of Marine Sciences, University of Lagos, Akoka.
*e-mail: iconyema@gmail.com

Abstract: The chlorophyll a dynamics and environmental factors of the Iyagbe lagoon, Lagos was investigated for 2
years (Oct., 2004 - Sept., 2006). The environmental indices reflected seasonal changes related to rainfall distributive
pattern and tidal seawater incursion. Air temperature (26 - 34°C), surface water temperature (26 - 33°C), total
dissolved solids (90 - 25,000mgl™"), transparency (22 - 231cm), sulphate (20.8 - 1140mgl™), silica (0.9 - 6.0mgl™),
dissolved oxygen (4 - 5.6mgl"), conductivity (110 - 40850 S/cm), salinity (0.06 - 35.1%), chloride (20.5 -
15,015mgl ™), pH (6.7 - 8.42), acidity (3.8 - 44mgl™), alkalinity (15.3 - 30mgl™), total hardness (18 - 6875mgl™),
calcium (10 - 720.1mgl™") and magnesium (1.4 - 900mgl™") recorded increased values in the dry than wet season. On
the other hand chemical oxygen demand, biological oxygen demand, total suspended solids(18 - 2310mgl™), nitrate
(3.3 - 59.8mgl™), phosphate (0.01 - 1.68mg), copper (0.001 - 0.079mgl™), zinc (0.001 - 0.015mgl™") and iron (0.06 -
1.08mgl ") recorded higher values in the wet season. Values for chlorophyll a were higher in the dry than wet season
for the lagoon. Positive correlation coefficient was recorded between chlorophyll a and salinity, total dissolved
solids, alkalinity, pH, conductivity total hardness, chloride, transparency, acidity, nitrate, sulphate, calcium and
magnesium levels. Recorded chlorophyll a values places the Iyagbe lagoon between the mesotrophic and eutrophic
status. It is suggested that increasing tidal influence associated with reduced rain events may have encouraged
elevated salinities and created conditions for the development of more algal cells, hence higher chlorophyll a
records. [Academia Arena, 2009;1(1):18-31]. ISSN 1553-992X.

Keywords: Physico-chemical factors, brackish, microalgae, hydroclimatic factors, Nigeria.

Introduction

Lagoons are ecologically and economically important aquatic ecosystems in South-western Nigeria. They
provide natural food resources rich in protein which includes an array of fish and fisheries. They are also important
in water transportation, energy generation, exploitation and exploration of some mineral resources including sand
(FAO, 1969; Kirk and Lauder, 2000; Onyema et al., 2003, 2007; Chukwu and Nwankwo, 2004; Onyema, 2008a).
Lagoons also inadvertently serve as sinks for the disposal of both domestic, municipal and industrial wastes in the
region. There are nine lagoons in South-western Nigeria namely: Yewa, Ologe, Badagry, Iyagbe, Lagos, Kuramo,
Epe, Lekki and Mahin lagoons from the west to the east (FAO, 1969, Webb, 1958a; Nwankwo, 2004b; Onyema,
2008).

Furthermore, chlorophyll a is an essential plant pigment and concentrations of it could be used to reflect
algal biomass and hence, level of primary production. Chlorophyll a can be an effective measure of trophic status
(Lee, 1999). However, elevated chlorophyll a concentrations often indicate poor water quality and low levels often
suggest good conditions (Ogamba, et. al., 2004). According to Lee (1999), higher Phytoplankton biomass would
directly reflect in a higher level of chlorophyll a in such regions. One method to determine the amount of plant
materials present in a water sample is to filter out the phytoplankton, count the cells and multiply the number
counted by the average mass per individual cell (Sverdrup et al., 2006). A less tedious method is to extract the
chlorophyll from a sample of phytoplankton and determine the concentration of pigment present. Hence chlorophyll
concentration can be used to estimate the total quantity of plant material or biomass (Sverdrup et al., 2006).

The immense ecological significance of phytoplankton diversity studies especially in relation to aquatic
trophic relationships cannot be understated (Smith, 1950; Lee, 1999; Nwankwo, 1984, 2004a). Coastal areas are
generally more productive than the open oceans because rivers and land run-offs supply nutrients along coasts and
adjoining estuarine systems. With regard to the annual rates of global primary production and productivity, Lagos
offshore falls under the high productivity category ( = 300gC/m*/yr) (Sverdrup et al., 2006).

Determination of primary production in the Lagos lagoon has primarily been by biomass estimation using
cells number of phytoplankton (Nwankwo, 2004). With regard to chlorophyll a in Nigeria, there exist a report by
Kadiri (1993) on the Ipkoba reservoir in Benin and another by Ogamba et al., (2004) on chlorophyll a levels and
variations in the Niger Delta region. Hence studies in Nigeria using chlorophyll a method are limited.

At present, there is no report on any of the nine lagoons of South-western Nigeria with regard to the
chlorophyll a method of estimation. The aim of this study was to investigate the seasonality in chlorophyll a
concentration and relate findings to environmental factors in the Iyagbe lagoon.
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Materials and Methods

Description of Study Site
The Iyagbe lagoon (Fig 1) is located in Lagos state, Nigeria and is one of the nine lagoons in South-western

Nigeria (Webb, 1958a; Nwankwo, 2004b; Onyema, 2008a). It is located between Latitude 6° 26°N Longitude 3° 19’
E and Latitude 6° 23°N Longitude 3° 06° E (Webb, 1958a; Onyema, 2008a,b). It is majorly made up of the Porto-
Novo and Badagry creeks. The Iyagbe lagoon is centered about the town of Iyagbe (Webb, 1958a). The lagoon is
shallow at some point especially in the Badagry creek arm and is open all year round via the Lagos harbour to the
sea (Webb, 1958b; Webb and Hill, 1958; Sandison, 1966; Sandison and Hill, 1966). Like all parts of South-western
Nigeria, the Iyagbe lagoon is exposed to two distinct seasons namely the wet (May — October) and the dry season
(November — April) (Nwankwo, 2004b; Sandison and Hill, 1966). The harmmattan, a short season of dry, dusty
North-East Trade winds are experienced sometimes between November and January in the region reducing visibility
and lowering temperatures (Onyema et al., 2003). Dense rain forest zone vegetation preceded by littoral mangrove
assemblages is the common macrofloral assemblages especially in areas with reduced anthropogenic influence. The
lagoon deposits are varied, and are reflected in the pattern and type of vegetation in the region. Most of the Iyagbe
lagoon area away from the Tin can Island and Apapa Ports are colonized by a recognizable riparian mangrove
swamp community especially where man made structure are absent. These mangrove environments are inhabited by
amphipods, polychaetes, isopods, barnacles, oysters, periwinkles, nematodes, fiddler crabs, sea cucumbers,
mangrove crabs, mudskippers and shrimps among others (Sandison and Hill, 1966; Onyema, 2008b). The notable
macro-floral species in the area include Rhizophora racemosa, R. harrisoni, Avicennia germinans, Phoenix
reclinata, Raphia hookeri, Elaeis guineensis, Acrotiscum aureum and Cocos nucifera (Akinsoji et al., 2002).
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Collection of samples.
Collection of water samples

Twelve sampling stations were selected to cover the lagoon area and for the collection of samples. Table 1
shows the G.P.S. location, names and number of sampling stations. Monthly surface water samples was collected
for twenty-four consecutive months (October, 2004 — September, 2006) for physico-chemical characteristics
analysis using 500ml plastic containers with screw caps. Collection of samples from the stations was always
between 10 and 15hr each time. Water samples were collected just a few centimeters below the water surface at each
of the twelve stations. The plastic containers was then labeled appropriately and transported to the laboratory
immediately after collection for to further analysis. Water samples for Dissolved Oxygen was collected also in 50cl
bottles and fixed on site with white and black ampoules.

Table 1: G.P.S. location and station name of sampled areas in the lyagbe lagoon.
Table 2 below presents the methods / device used in estimating the various environmental factors for this study with
corresponding references.

Station No. Station name G.P.S. locations

Station 1 Calabash Island Latitude 6° 25'.987 N, Longitude 3° 23'.400 E
Station 2 Tin-can Island Latitude 6° 25" .833 N, Longitude 3° 21" .532 E
Station 3 Ibafon Latitude 6° 25' .964 N, Longitude 3° 19" 244 E
Station 4 Imore Latitude 6° 25" .755 N, Longitude 3° 19" 915 E
Station 5 Ito-ogba Latitude 6° 25" .409 N, Longitude 3° 14' .624 E
Station 6 Abule-oshun Latitude 6° 26' .134 N, Longitude 3° 13" 224 E
Station 7 Idiagbon / Igbolobi Latitude 6° 26'.214 N, Longitude 3° 11' .826 E
Station 8 Tyagbe Latitude 6° 25" .603 N, Longitude 3° 11" .990 E
Station 9 Agbaja Latitude 6° 24' .473 N, Longitude 3° 12" .744 E
Station 10 Ikare Latitude 6° 24" .632 N, Longitude 3° 13' .705 E
Station 11 Tlashe Latitude 6° 24' .676 N, Longitude 3° 16" .938 E
Station 12 Idimangoro Latitude 6° 24' .717 N, Longitude 3° 19" .307 E
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Table 2: Summary of environmental factors and method/device used for their estimation

Parameter/ Unit Method / Device Reference(s)

1 Air temperature (°C) Mercury — in — glass thermometer Nwankwo (1984)

2 Water temperature (°C) Mercury — in — glass thermometer Onyema (2008)

3 Transparency (cm) Secchi disc method Onyema (2008)

4 Depth (cm) Graduated pole Brown (1998)

5 Rainfall (mm) Acquired from NIMET, Oshodi, Lagos

6 Total Dissolved Solids (mgL™?) Cole Palmer TDS meter

7 | Total Suspended Solids ( mgL™) Gravimetric method APHA (1998)

8 | Chloride (mgL™) Argentometric method APHA (1998)

9 | Total hardness (mgL™) Titrimetric method APHA (1998)

10 | pH Electrometric / Cole Parmer Testr3

11 | Conductivity (uS/cm) Philip PW9505 Conductivity meter

12 | Salinity (%o) HANNA Instrument APHA (1998)

13 | Alkalinity (mgL™) Titration method APHA (1998)

14 | Acidity (mgL™) Titration method APHA (1998)

15 | Dissolved oxygen (mgL™) Titration method APHA (1998)

16 | Biological oxygen demand (mgL™) Incubation and Titration APHA (1998)

17 | Chemical oxygen demand (mgL™?) Titration method APHA (1998)

18 | Nitrate — nitrogen (mgL™) Colorimetric method APHA (1998)

19 | Phosphate — phosphorus (mgL™) Colorimetric method APHA (1998)

20 | Sulphate (mgL™) Turbidimetric method APHA (1998)

21 | Silica (mgL™) Colorimeter (DR2010) APHA (1998)

22 | Calcium (mgL™) Titrimetric method APHA (1998)

23 | Magnesium (mgL™?) Titrimetric method APHA (1998)

24 | Copper (mgL™) Atomic Absorption Spectrophotometer Perkin Elmer Application
Perkin Elmer 5000 AAS methods (2002)

25 | Iron (mgL™Y) Atomic Absorption Spectrophotometer Perkin Elmer Application
Perkin Elmer 5000 AAS methods (2002)

26 | Zinc (mgL™) Atomic Absorption Spectrophotometer | Perkin Elmer Application
Perkin Elmer 5000 AAS methods (2002)

27 | Chlorophylla (pg/L) Florometric method APHA (1998)

Correlation Coefficient Values (r)
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The Pearson correlation coefficient (r) (Ogeibu, 2005) for the relationship between the different
environmental parameters and chlorophyll a were obtained using the formula:

r= nQ.XY)- (X Y
VX -(EZX)’] [nZY’ - (ZY)

Where
r = Coefficient of correlation
X and Y = Variables under consideration

Results

The minimum and maximum values obtained for the estimates of environmental factors, their means and
standard deviation are presents in Table 3. Also in Table 3 is whether each parameter recorded higher values in the
wet or dry season for the two (2) years of study.

Air temperature values ranged between 26 and 34°C throughout the sampling period. Whereas the lowest
value estimated was 26°C (September, 2006), the highest value obtained was 34°C recorded in March of the same
year. The lowest surface water temperature estimated was 25°C (September, 2005) and the highest value obtained
was 33°C (May, 2005). Transparency was between 11 (March, 2006) and 280 cm (December, 2004). Total dissolved
solids ranged between 90 and 25000 mg/L with the lowest value recorded in September, 2005 and the highest value
in April, 2006. Total suspended solids values ranged between 18 (February, 2005) and 2310 mg/ L (August, 2005).
Rainfall volumes showed both monthly changes and varied from one year to the next. In the first year the highest
rainfall volume was recorded in June 2005 (330 mm) and the least was in February 2005 (8.9 mm). In the second
year the highest rainfall was in June 2006 (315.7 mm) and the least in January 2006 (6.0 mm). Recorded chloride
values were between 20.5 (October, 2005) and 17710mg/L (April, 2006). Whereas the lowest value estimated for
total hardness was 18 mg/L (July, 2006) whereas the highest value obtained was 6875 mg/L (December, 2005).
Hydrogen ion concentration (pH) values ranged between 6.7 (June, 2006) and 8.42 (February, 2006) throughout the
sampling period. Whereas the lowest conductivity estimated was 110uS/cm and recorded in October, 2004, the
highest value obtained was 33092 puS/cm recorded in April, 2006.

Salinity value ranged between 0.06 (October, 2004), and 35.1°%,, (April, 2006). Alkalinity values were
between 18 (August, 2006) and 311.2 mg/L (February, 2005). Acidity estimates ranged between 3.8 and 60 mg/L
(November, 2005 and January, 2006) respectively.

Dissolved Oxygen values ranged between 4 (September, 2005) and 5.6 mg/L (January, 2006) throughout
the sampling period. Biological Oxygen Demand values ranged between 2 (March, 2005) and 22mg/L (September,
2006) throughout the sampling period. Chemical oxygen demand ranged between 8§ (March, 2005) and 211mg/l
(Feburary, 2006). Nitrate-nitrogen values werebetween 3.3 (November, 2005) and 59.8 mg/L (June, 2006) whereas
Phosphate-phosphorus recorded between 0.01 mg/L (January, 2006) and 1.68 mg/L (August, 2005). Sulphate values
ranged between 20.8 (October, 2005) and 1160 mg/L (January, 2006) throughout the sampling period. Silica values
fell between 0.9 (August, 2005) and 6.0mg/L (September, 2006). Calcium levels were between 10mg/L in October,
2005 and 720.1 mg/L in November, 2004. Magnesium estimates were between 1.4 mg/L in July, 2006 and 981.1
mg/L in January, 2005 and Copper values was between 0.001 (May through July 2005) and 0.09 mg/L (August,
2005). Iron levels ranged between 0.06 and 1.08 mg/L (October 2004). Zinc values ranged between 0.001 and 0.015
mg/L (August, 2005).

Chlorophyll a values were between 4.2 and 55 pg/L. whereas the lowest value estimated was in June, 2005,
the highest value obtained was recorded in November 2005. Chlorophyll a values showed a positive relationship
with salinity (r = 0.21), transparency (r = 0.24), chloride (r = 0.21), total dissolved solids (r = 0.22), water
temperature (r = 0.18), air temperature (r = 0.09), pH (r = 0.23), conductivity (r = 0.23), acidity (r = 0.10), alkalinity
(r=10.27), calcium (r = 0.17), magnesium (r = 0.27), nitrate (r = 0.11), chemical oxygen demand (r = 0.03), iron (r =
0.05) and sulphate (r = 0.20). A negative relationship existed between chlorophyll a and biological oxygen demand
(r = -0.16), zinc (r = -0.02), copper (r = -0.04), total suspended solids (r = -0.07) and phosphates (r = -0.13)
estimates. Table 4 shows the Seasonal variation in Chlorophyll a values at the different stations in the Iyagbe
lagoon from Dec., 2004 to Nov., 2006, Table 5 tabulates the Pearson correlation co-efficient matrix of
environmental characteristics. Fig. 2: Seasonal variation in some environmental factors at four selected station each
and chlorophyll a at the Iyagbe lagoon from Dec., 2004 to Nov., 2006. Stations represented were selected based on
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their importance as confluence points and areas exposed to possible anthropogenic stresses or not. Furthermore, Fig.
3 shows the Pearson correlation coefficient between chlorophyll a and environmental factors.

Table 3: A summary of the minimum, maximum and mean / standard deviation estimate values for
environmental factors from the lyagbe lagoon (December, 2004 — November, 2006).

Parameter/ Unit Minimum | Maximum Mean value = S.D. Higher values
value value reported in
the ....

1 | Air temperature (°C) 26 34 30.07 £1.98 Dry season
2 | Water temperature (°C) 26 33 29.42 £1.81 Dry season
3 Transparency (cm) 22 231 102.42 £51.47 Dry season
4 Total Dissolved Solids (mgL™) 90 25000 8467.65 £ 6641.66 Dry season
5 Total Suspended Solids (mgL™) 18 2310 172.48 +£259.01 Wet season
6 Rainfall (mm) 6 315.7 141.83 £116.87 Wet season
7 Chloride (mgL™) 20.5 15015 6316.55+24167.13 Dry season
8 Total hardness (mgL™) 18 6875 2035.82 + 1485.42 Dry season
9 pH 6.7 8.42 7.40 +0.28 Dry season
10 | Conductivity (uS/cm) 110 40850 13208.59 + 10418.71 Dry season
11 | Salinity (%o) 0.06 35.1 14.43 £ 18.10 Dry season
12 | Alkalinity (mgL™) 15.3 330 74.32 + 74.25 Dry season
13 | Acidity (mgL™) 3.8 44 11.80 +7.48 Dry season
14 | Dissolved oxygen (mgL™) 4 5.6 4.67+0.23 Dry season
15 | Biological oxygen demand (mgL™) 2 22 7.15+3.52 Wet season
16 | Chemical oxygen demand (mgL™) 8 89 30.21 +£21.08 Wet season
17 | Nitrate — nitrogen (mgL™) 3.3 59.8 10.54 £ 8.37 Wet season
18 | Phosphate — phosphorus (mgL™) 0.01 1.68 0.26 +0.29 Wet season
19 | Sulphate (mgL™) 20.8 1140 279.71 £232.16 Wet season
20 | Silica (mgL™) 0.9 6.0 2.63+0.91 Dry season
21 | Calcium (mgL™) 10 720.1 188.49 + 130.05 Dry season
22 | Magnesium (mgL™) 14 900 333.36 £264.92 Dry season
23 | Copper (mgL™) 0.001 0.079 0.003 +0.001 Wet season
24 | Iron (mgL™) 0.06 1.08 0.29 +£0.25 Wet season
25 | Zinc (mgL™) 0.001 0.015 0.002 + 0.002 Wet season
26 | Chlorophyll a (ug/L) 4.2 55 19.63 £7.90 Dry season
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Air temperature (°C).
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Fig. 2: Seasonal variation in some environmental factors and chlorophyll a at the
Iyagbe lagoon from Oct., 2004 to Sept., 2006.
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Fig 3: Pearson correlation coefficient between chlorophyll a and environmental factors.
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Table 4: Seasonal variation in Chlorophyll a values at the different stations in the lyagbe lagoon, (Dec., 2004
- Nov., 2006).

2004 2005 2006

Dec. Jan. Feb. Mar. Apr. May. Jun. Jul. Aug. Sept. Oct. Nov. Dec. Jan. Feb. Mar. Apr. May. Jun. Jul. Aug. Sept. Oct. Nov.
Calabash Island 226 40 339 28.1 18.2 14.3 14.4 12 16 14 32 34.6 32 28 322 23.6 14.8 12.2 183 12.2 9.3 14 10.3 18.2
Tincan Island 10.2 284 30.8 213 33.1 14.8 223 11.3 234 16.2 30.1 40.1 303 224 34.1 18 16.3 14.1 15.1 10 8.8 12 12.3 221
Ibafon 14.1 223 334 20.8 30 20.1 183 14.9 20.1 143 321 332 26 152 30.8 20.1 20.2 18.8 153 10.8 12.1 18 142 11
Imore 11.3 30.1 33.1 16.9 28.1 16.3 11.4 122 18.2 18.1 24 36 20.1 22 16 14.2 21.6 16.2 20 25 16.3 20 16.8 8.6
Ito-Ogba 19.2 224 28.6 14.8 20.1 14.1 16.3 16.4 12.6 11.3 332 30.8 22 18.9 14.2 22.3 25 20.1 323 22,6 28.1 13 142 11.3
Abule Oshun 18 213 15.1 183 20.6 15.2 19.2 14.4 10.7 183 34.1 26.1 20.3 30.2 21.3 26.1 28.1 21.6 30.6 18.4 15.2 16 1.1 103
Idiagbon 11.3 20.8 15.9 21.2 14.4 14.8 183 12.3 12.3 213 30.2 242 24.6 26.3 20.6 232 223 24.1 22.8 19.3 143 21 6.6 9.6
lyagbe 12.1 21.2 20.3 15 21.3 16.3 16.2 14.2 14.1 10.2 39 50.1 229 24 13 284 332 23.8 224 10.2 12.1 16 4.9 83
Agbaja 14.8 223 16.2 18.1 16.8 14.1 14.8 18.6 10 16.3 333 226 33.6 334 14.2 20.1 293 20.6 28 16.8 16.3 11 18.2 9.4
Ikare 10.3 24.4 18.1 16.3 17.1 21.2 11.3 10.1 16 12.1 34 55 38.1 26 23 29.2 253 26.5 243 14.1 18.8 20 10 8.6
llashe 16.2 25.1 22.1 21.3 21.2 111 4.2 10.9 10 14.2 38.1 28.1 242 321 16.3 25.6 18.1 14.3 21.3 11.2 15 12 6.3 14.1
Idi-Mangoro 14.1 20.6 16.4 142 13.4 142 16.3 1.3 1.8 18.1 25 29 26.3 29 14 223 9.8 14.1 20 10 113 18 4.6 10.2
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Table 5: Pearson correlation co-efficient matrix of environmental characteristics at the lyagbe lagoon, Lagos
(December, 2004 — November, 2006)
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Air 1
temperature
Water 0.77 1
temperature
Transparency 0.34 0.40 1
T.DS. 0.35 0.39 0.54 1
TSS. - - 0.38 0.22 1
0.18 0.22
Chloride 0.06 0.10 0.20 0.17 - 1
0.08
Total 0.39 0.41 0.55 0.62 - 0.20 1
hardness 0.19
pH 0.27 0.32 0.43 0.46 - 0.16 0.60 1
0.19
Conductivity 0.40 0.44 0.57 0.96 - 0.17 0.64 0.49 1
0.25
Salinity 0.38 0.45 0.57 0.88 - 0.17 0.73 0.48 0.89 1
0.29
Alkalinity 0.34 0.26 0.41 0.28 - 0.14 0.54 0.71 0.33 0.28 1
0.16
Acidity 0.13 0.10 0.42 0.33 - 0.13 0.38 0.48 0.33 0.32 0.64 1
0.24
D.O. - - 0.19 0.18 - 0.22 0.08 0.10 0.17 0.20 0.06 0.18 1
0.13 0.07 0.26
B.O.D. B B B B 037 | - B B B B B B B 1
0.39 0.45 0.38 0.36 0.14 0.46 0.25 0.40 0.45 0.31 0.36 0.05
C.0.D. - - - - 0.45 - - - - - - - - 0.57 1
0.25 0.26 0.18 0.26 0.07 0.15 0.09 0.29 0.27 0.16 0.26 0.20
Nitrate - - 0.25 0.18 0.20 0.22 0.27 0.33 0.15 0.18 0.34 0.45 0.14 - 0.11 1
0.01 0.04 0.07
Phosphate - - - - 0.50 - - - - - - - - 0.54 0.36 0.00 1
0.25 0.24 0.32 0.28 0.08 0.31 0.13 0.32 0.37 0.26 0.29 0.07
Sulphate 0.46 0.37 0.50 0.53 - 0.15 0.60 0.56 0.55 0.57 0.67 0.58 0.16 - - 0.49 - 1
0.18 0.40 0.23 0.30
Silica - - 0.12 - - - - - 0.02 0.04 - 0.03 0.12 0.02 - - - - 1
0.18 0.14 0.01 0.36 0.04 0.19 0.16 0.17 0.08 0.24 0.16 0.17
Calcium 0.41 0.43 0.33 0.49 - 0.11 0.64 0.38 0.52 0.56 0.27 0.14 0.18 - - 0.07 - 0.35 - 1
0.15 0.35 0.16 0.24 0.09
Magnesium 0.45 0.43 0.46 0.64 - 0.21 0.77 0.60 0.67 0.66 0.60 0.52 0.14 - - 0.32 - 0.70 - 0.52 1
0.18 0.51 0.30 0.34 0.16
Copper - - - 0.08 0.59 - - 0.01 - - - - - 0.38 0.34 0.20 0.53 - - - - 1
0.23 0.29 0.20 0.04 0.10 0.11 0.17 0.04 0.12 0.04 0.08 0.31 0.10 0.12
Iron - - - 0.44 0.11 - - - - - - - - 0.43 0.22 - 0.37 - - - - 0.21 1
0.21 0.16 0.35 0.10 0.38 0.21 0.47 0.48 0.28 0.31 0.08 0.12 0.44 0.26 0.33 0.44
Zinc - - - - 0.16 - - 0.01 - - - - - 0.46 0.24 - 0.37 - - - - 0.43 0.27 1
0.11 0.19 0.27 0.11 0.07 0.13 0.14 0.15 0.03 0.16 0.02 0.03 0.06 0.25 0.09 0.14
Chlorophyll a 0.09 0.18 0.24 0.22 - 0.12 0.33 0.23 0.23 0.21 0.27 0.10 0.09 - 0.03 0.11 - 0.20 - 0.17 0.27 - 0.05 -
0.07 0.16 0.13 0.18 0.04 0.02
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Discussion

The characteristics of environmental factors from this study shows clearly that the Iyagbe lagoon
experiences environmental gradients likened to a tropical estuarine aquatic environments from year to year (Hill and
Webb, 1958; Webb, 1960; Sandison and Hill, 1966; Kjerfve, 1994; Kirk and Lauder, 2000).  Furthermore
environmental factors of the lagoon exhibited seasonal changes that were closely related to the distributive pattern
of rainfall of the region. For instance during the wet season, reduced levels for air and water temperatures,
transparency, salinity, pH, total dissolved solids, conductivity, chloride, total hardness, sulphate, calcium,
magnesium, acidity, total dissolved solids and alkalinity were recorded. Conversely, in the dry season the values for
these parameters increased. Reduced rain events and its associated input of floodwaters from rivers, creeks,
adjoining wetlands and the effect of tidal seawater incursion probably lead to this trend of environmental gradients.
Reduced phytoplankton densities as reflected in chlorophyll a values in the wet season may be linked to the low
water clarity which reduces the amount of light getting to planktonic algal component for photosynthesis. Higher
chlorophyll a values recorded in the dry season is a pointer to improved water clarity at this time which probably
allowed greater light penetration. According to Suzuki et al. (2002), low chlorophyll a values reflecting limited
phytoplankton growth in an investigation of a Mexican lagoon were associated to dark water which reduced light
penetration into the lagoon considerably.

Pearson correlation co-efficient showed positive correlation between chlorophyll a values, salinity, total
dissolved solids, alkalinity, pH, conductivity, total hardness and chloride values among others. The flushing of
planktonic algal forms towards the sea during the rains by flood waters and hence dilution, could also account for
the low chlorophyll a values (phytoplankton densities) recorded at such times. The range of chlorophyll a values for
the Iyagbe lagoon was between 12 and 55pg/l i.e between the mesotrophic and eutrophic productivity status
(Suzuki et al., 2002, APHA, 1998). Furthermore, Ogamba et al., (2004) reported a chlorophyll a range of 0.15 —
37.4pug/l for the wet season and 0.10 and 40.28 g/l for the dry season in the Elechi creek in the Niger delta. Kadiri
(1993) also reported a range of 4.20 — 35.20 mgm for chlorophyll a for the Ikpoba reservoir in Benin.

Kadiri (1993) reported on the seasonal changes in the chlorophyll a situation of a shallow reservoir in
Benin, Nigeria. Higher cloud cover situations attributed to the rainy season have been noted to impair chlorophyll a
estimates (Kadiri, 1993) and phytoplankton biomass (Nwankwo, 1988) in some parts of the country. On the other
hand, increases in insolation usually noted in the dry season likely encourage higher productivity, as recorded for
this study. Furthermore, Onyema et al. (2003, 2007), are of the view that higher insolation, increased hydrological
stability and marine situation are important encouraging factors for primary production in the Lagos lagoon.
According to Kadiri (1993) seasonal fluctuation in abundance of phytoplankton is influenced by changes in the
physical and chemical properties of the water which themselves can be dependent on rainfall. Similarly, sainfall and
salinity are known to regulate the occurrence and distribution of biota in the Lagos lagoon and its associated creeks
(Nwankwo and Onyema, 2003; Nwankwo, 2004).

Besides the ample availability of nutrients in this region, values for chlorophyll a were comparatively low
especially in the wet season which likely indicated limited phytoplankton production. Similarly, Dissolved oxygen
levels throughout the period of study were comparatively higher in the dry season than the wet season. It is
possible that higher primary productivity necessarily resulted in higher chlorophyll a value and revealed a similar
trend in dissolved oxygen values, since oxygen is a by-product of photosynthesis. It is possible to infere that
chlorophyll a values from this study were largely determined by the trend and continuum of environmental
characteristics of the lagoon which varies tidally and seasonally.
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Abstract: In this study, we examined diversity and distribution of medicinal plant species richness between 200-
5800 m asl altitudes considering altitudinal gradients (200m asl altitudinal differences) in the Indian central
Himalaya off which 126 were trees, 129 shrubs and 548 herbs. The total number of species, genera and families
observed for herbs were maximum followed by tree and shrub species. In terms of species distribution Fabaceae and
Rutaceae were found to be the most dominant family in tree species; Verbenaceae and Fabaceae in shrub species
whereas in case of herb species, Asteraceae was found to be the dominant family. The total number of species
including all growth forms was maximum near low altitude to mid altitude due to overlapping of climatic
conditions, but further increase in altitude it decreased consistently, probably due to decrease in atmospheric
temperature with increase in altitudes. [Academia Arena, 2009;1(1):32-42]. ISSN 1553-992X.

Key words: Plant species, diversity, distribution, altitude, central Himalaya

Introduction

Diversity, the variety and variability of plant and animal species are the most striking feature of life, which
reflects the complexity, uniqueness, and intactness of natural ecosystems (Mohammad et. al., 2000). An appropriate
biodiversity management strategy should take into account the distribution patterns of species (Perring and Lovett
1999). Conservation of ecosystem and maintenance of biodiversity in central Himalaya is matter of both national
and international concern.

Central Himalaya is one of the biodiversity rich states of India in terms of vegetation and flora varied
altitude, topography, status of soil and climatic conditions which favors high species richness and support different
forest types. Deciduous and evergreen tropical forests, subtropical, semi evergreen and sub tropical pine forest are
the major forest type of this state (Champion & Seth, 1968). The wide geographical and climatic diversity provides a
repository of valuable medicinal and wild edible plants of the region.

The use of the plant species of the Himalaya as medicine is known since the long time and about 1750
medicinal plants is reported from Indian Himalaya by Samant et al., (1998). The unique diversity of medicinal
plants in the region is manifested by the presence of a number of native (31%), endemic (15.5%) and threatened
elements (14%) of total Red Data Book plant species of Indian Himalaya Region (Samant et al., 1998). Plants
provide food and other life supporting commodities and very important for survival of human beings and other
organisms, besides they protect our environment and maintain nature. Tropical forests are major reservoir of plant
diversity. Those forests inhabit a large number of trees, shrubs, herbs, climbers, faunal, wealth and a wealth of non-
timber forest products including medicinal and wild edible plants. The increased demand of medicinal plants in drug
and pharmaceutical industries have caused the over exploitation of many species. Many of these are close to
extinction due to over harvesting or un-skilled harvesting. Some important species that need immediate attention for
conservation in India are Aconitum, Angelica, Artemisia, Atropa, Berberis, Dectylorhiza, Thalictrum, Hedychium
etc. To maintain the ecosystem equilibrium, awareness of the sustainable utilization of these species is important and
their conservation in sustainable environment is urgently needed, keeping in view the demand among the hill
communities and their drugs in the global market (Samant and Dhar, 1997; Dubay et al., 2004). Wide geographical
and climatic diversity provides a repository of valuable medicinal and wild edible plants of this region. Therefore
the present study is an effort to identify important medicinal plants in this region based on primary and secondary
resources.

The objectives of the present study were (i) to find out species richness in relation to different altitudinal
range (ii) to analyze the pattern plant species variation between 200 m altitudinal gradient (iii) to examine the
variation in nature of plant forms in respect to altitude.
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Material and Methods

The field survey was conducted in different forest sites surrounding the Nainital catchments of Kumaun
region in the Central Himalaya and the information provided by the secondary resources (Samant et al., 1998) and
available literature (Chopra et al., 1956). The study area is located between 79°23" and 79°42' E longitude and
29°20' and 29°30' N latitude between 1500m to 2600m elevations in central Himalaya. Five sites were selected in
the wide elevation range along the gradient of disturbances. Several field trips were undertaken for collection of
plants during different years.

The climate is monsoon temperate and annual rainfall of the area is 2668 mm/year. The mean maximum
temperature varies from 13.9 (Feb) to 23.7°C (April) and the mean minimum from 4.9 (Feb) to 16.5°C (July). The
monsoon strikes in this area in the middle of June to the middle of September, which sometimes extends to late
September and first week of October. The bedrock belongs to the Krol formation consists predominantly of
carbonate, limestone, marl and slates in the lower part and dolomites in the upper part (Valdia, 1980).

For moisture content, 50g of fresh soil was dried in an oven at 80°C temperature till constant weight
(Misra, 1968). For determination of soil pH, soil extract was assessed by digital pH meter using 1:5 proportions of
soil and water. Soil organic carbon was determined using the wet oxidation method (Jackson, 1958). Percentage of
organic matter was obtained by multiplying the % of organic carbon by a factor of 1.724. This factor is based upon
the assumption that the organic matter of soil contains 58% carbon (Misra, 1968). Nitrogen content of soil was
determined by Kjel Auto Vs-KTP Nitrogen Analyzer based on a micro-Kjeldahl technique (Misra, 1968).

The vegetation analysis of each forest site was carried out by using 10, 10m x 10m quadrats placed
randomly for tree layer. The number and size of the quadrats were determined by Running Mean Method (Kershaw,
1973) and species area curve (Misra, 1968). Shrubs were sampled by using 10, 5m x 5m quadrats randomly. For the
study of herbaceous vegetation, fifteen quadrats (Im x 1m) were placed on the above selected area in each of the
forest/stands (hill-base, hill-slope and hill-top). Herbaceous vegetation was studied through tiller analysis. Each tiller
of grasses was considered as an individual plant (Singh, 1967). In the case of creeping plant any unit of the plant
having functional roots was considered as one plant. Vegetational data were analyzed following Curtis & Mclntosh
(1950), Species evenness (Margalef 1968), dominance (Simpson, 1949) and diversity (Shannon-Weaver, 1963) for
the primary data.

Results and Discussion

Extensive survey of the locality of Central Himalayan region of Nainital area was made for the proposed
study. A total of 166 species belonging to 61 family were recorded across the study sites, of which 16 were trees, 37
were shrubs and 113 were herbs (Table 1).

Percentage of sand in soil ranged from 50% to 65%. It was maximum in highly disturbed sites and reduced
with decreasing disturbances. The value of silt and clay in different sites were 17.9-30% and 11-28.8% respectively.
Moisture content of soil ranged from 29% to 65% and soil pH varied from 5.3 to 8.0. It was lower in the low
elevation high-disturbed sites and higher in the high elevation less disturbed sites. There was no significant
difference in the organic matter in high and less disturbed sites. It was comparatively higher in the oak forests
towards higher elevations. The percentage value of carbon, nitrogen and organic matter in different sites were 1.2-
3.4,0.1-0.3 and 4.0-5.9, respectively. Percentage nitrogen also increased with increase in total organic matter.

Sandy loam soil is preponderance in lower elevation and clay loam in higher elevation (above 2200m asl).
The pH of the soil was slightly acidic (6.65) to neutral (6.5-7), but in higher altitudes (above 2800-3000m asl) to
medium (5.5-6) was strongly acidic. Organic matter content ranged from less than 1% to 4%. The soil moisture
content varied from 21-43% at -3 bar water potential and 7.6-14.8% at -15bar water potential (Singh & Singh, 1987).

There was a positive relationship between shrubs and herbs diversity, and both increased with increasing
disturbances. The tree, shrub and herb density were (5.1-9.5 ind/100m?, 1.1-7.2 ind/25m* and 9.3- 34.7 ind/m?
respectively. The diversity values for tree, shrub and herb species were ranged between 0.2-1.6, 1.9-3.3 and 3.2-4.0,
respectively. ANOVA tests for tree, shrub and herb species (between species richness and diversity) showed
significant variation at 5% level. Significant positive relations were found between moisture and density of shrubs (P
< 0.01), and also moisture and density of herbs (P < 0.05). Equitability values for tree, shrub and herb species were
1.1-4.4,12.7-19.4 and 16.7-28.8, respectively. The concentration of dominance in tree, shrub and herb species was
0.6-0.9, 0.2-0.6 and 0.08-0.6, respectively.

Based on secondary resources, a total of 777 species were found out of which a total of 126 tree species
was encountered, belonging to 49 families and 52 genera. Fabaceae and Rutaceae were the most dominant family
(with nine species) followed by Moraceae (with eight species), Rubiaceae (with seven species), Caesalpiniaceae
(with six species), Meliaceae and Rosaceae (with five species), Anacardiaceae, Bignoniaceae, Combretaceae,
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Lauraceae (with four species), Apocynaceae, Elaegnaceae, Fagaceae, Mimosaceae, Oleaceae, Pinaceae,
Pistaciaceae, Sapindaceae (with three species), Burseraceae, Capparaceae, Euphorbiaceae, Mytricaceae,
Pittosporaceae, Rhamnaceae, Tiliaceae (with two species), whereas the remaining 22 families were represented by
one species each (Table 2).

The study showed that tree species distributed between <200-3600m asl altitude. At 200m asl altitudinal
differences species ranged between 4 and 115 species, being minimum at 3400-3600 m asl and maximum at 1000-
1200m asl and it declined thereafter with increasing altitude (Fig 1). A number of tree species found in the
Himalaya showed varying patterns of distribution. The extension of climatic gradient enabled several species to
realize their fullest range of elevational adaptability. Distributional ranges of several species were segregated along
the widened altitudinal ranges (Singh & Singh, 1992).

A total of 129 shrub species was reported belonging 40 family 87 genera in which Verbenaceae and
Fabaceae was the dominant family (nine species) followed by Asclepiadaceae (eight species), Apocynaceae,
Berberidaceae, Caesalpiniaceae, Rosaceae (seven species), Euphorbiaceae (six species), Asparagaceae, Vitaceae
(five species), Convolvulaceae, Loranthaceae, Periplocaceae, Rhamnaceae, Rutaceae, Urticaceae (three species),
Celastraceae, Ericaceae, Myrsinaceae, Oleaceae, Polygonaceae, Rubiaceae, Solanaceae, Tiliaceae (two species) and
11 family represented by single species (Table 2).

Species richness of shrubs varied from <200 to 5600m asl altitudinal range. The distribution pattern of
shrub species varied from 1(5400-5600m asl) to 73 (800-1200m asl) species. From 200-1200m asl, species richness
increased sharply with altitude, thereafter species richness declined towards higher altitudes (Fig. 1).

Similarly, in case of herb species, a total of 548 belonging to 85 family were encountered. Asteraceae was
the dominant family (with fifty-four species), followed by Lamiaceae (with thirty seven species), Poaceae (with
twenty-nine species), Fabaceae, Orchidaceae(with twenty-seven species), Ranunculaceae (with twenty-two species),
Apiaceae, Gentianaceae (with nineteen species), Solanaceae, Zingiberaceae Periplocaceae (with fifteen species),
Scrophulariaceae, Euphorbiaceae (with thirteen species), Rubiaceae (with twelve species), Cucurbitaceae (with
eleven species), Brassicaceae (with ten species), Convolvulaceae, Linaceae, Malvaceae, (with nine species),
Alliaceae, Borginaceae (with eight species), Fumariaceae, Iridaceae (with six species), Acanthaceae, Geraniaceae,
Violaceae, Rosaceae, Verbenaceae, Menispermaceae, Araceae (with five species), Amaranthaceae, Commelinaceae,
Dioscoreaceae, Crassulaceae, Valerianaceae, Papaveraceae, (with four species), Caryophyllaceae, Chenopodiaceae,
Geraniaceae, Mimosaceae, Papaveraceae, Polygonaceae (with three species), Achyranthaceae, Asclepiadaceae,
Balsminaceae, Aristolochiaceae, Cannabaceae, Peperomiaceae, Leeaceae, Linaceae, Hypericaceae, Onagraceae,
Hypodixaceae, Nyctaginaceae, Plumbaginaceae, Paranassiaceae, Piperaceae, Primulaceae, (with two species)
whereas the remaining 26 families were represented by one species each (Table 2).

Herbs were the largest contributor of plant richness among the others forms and were distributed between
<200-5800m asl. Herb richness ranged from 1 (5600-5800 m asl) and 202 (1400-1600m asl). The herb richness
declined slightly at an elevation of 2800-3000m asl; after that it increased slightly upto 3800m asl and subsequently
it declines.

It is well fact that the altitude represents a complex gradient along which many environmental variables
change concomitantly. However, in general, it has been suggested that an increase of 270m asl altitudes corresponds
to a fall of 1°C in mean atmospheric pressure upto 1500m asl, above which the fall is more rapid (Osmaston, 1927).
Pangtey et al. (1991) argued the effect of monsoon is not substantially weakened at higher altitudes and also the
amount of rainfall is not much different from that of the lower altitudinal range of central Himalaya.

There were pronounced effect of elevation on different edhapic factors (elevation vs. soil moisture content,
elevation vs. soil pH) and total plant species richness and a positive relation between soil moisture and plant species
richness of the area but there was no relationship found between soil pH and plant species richness (Kharkwal et al.,
2005). On the other hand, the distribution of plant species depends mainly on the altitude and climatic variables like
temperature, rainfall, which act as the sole determinant for the species richness in this region.

The pattern of proportions of family to genera, family to species and genera to species were found to be
similar for primary and secondary resources (Table 3). Margalef’s index for herb species in chir-pine was
maximum. Shannon-Weaver index for species diversity showed a higher value for Kharsu oak forest (Table 4).
Simpson index was higher for Tilonj-oak and Chir-pine than other forests indicating that few species were dominant
in that forest type (Table 4). The Simpson index was higher for Tilonj-oak and Chir-pine forest as compared to other
forest indicating lower stability of these forests. Whittaker value varied for all forest types.

The various parts of plant species are used for different purposes i.e. food for humans medicine, fuel,
timber and multipurpose. For example, species of Quercus provide excellent fuel and timber, seeds of Myrica
esulenta, rhizome of Valeriana wallichii and Hedychium spicatum etc are traded and are source of income
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generation in the area (Samant and Dhar, 1997). The results of the present study open new prospect of plant
materials used in traditional medicine which will promote forest conservation and ecological research through
surveys, development and implementation of land use plans by proper planting, afforestation, reforestation and
forest rehabilitation. Such medicinal plants could also be incorporated into primary health care, as people generally

feel safer with indigenous cures and also the costs of medicine would be much lesser than modern drugs.

The author is grateful to Head, Department of Botany, Kumaun University, Nainital for providing research
facilities and Department of Science & Technology, New Delhi (Ref. No. SR/FT/L-31/2006) for financial
assistance.

Table 1. A list of plants encountered in the study sites.

Species Family Habit
1. Acer oblongum Wall. ex DC. Aceraceae T
2. Achyranthes aspera Amaranthaceae H
3. Achyranthes bidentata Blume Amaranthaceae H
4. Aesculus indica (Colebr. ex Camb.) Hook. Hippocastanaceae T
5. Ageratum houstonianum Mill. Asteraceae H
6. Agrimonia pilosa Ledeb. Rosaceae H
7. Ainsliaea aptera DC. Asteraceae H
8. Ainsliaea latifolia (D. Don) Sch.-Bip. Asteraceae H
9. Ajuga parviflora Benth. Lamiaceae H
10. Anaphalis busua (Buch-Ham. ex D. Don) DC. Asteraceae H
11. Anaphalis cinnamonea Clarke Asteraceae H
12. Anaphalis contorta (D. Don) Hook. fil. Asteraceae H
13. Anemone vitifolia Buch.-Ham. ex DC. Ranunculaceae H
14. Arisaema tortuosum (Wall.) Schott Araceae H
15. Artemisia nilagarica (C.B. Clarke) Pamp. Asteraceae S
16. Arthraxon prionodes (Steud.) Dandy Poaceae H
17. Arundinaria falcate Nees Poaceae S
18. Aster asperculus (DC.) Hook. fil. Asteraceae H
19. Aster thomsonii Clarke Asteraceae H
20. Athyrium foliolosum Wall. ex Smith Athyriaceae H
21. Athyrium rupicola (Hope) C. Chr. Athyriaceae H
22. Begonia picta Smith Begnoniaceae H
23. Berberis asiatica Roxb. ex D. Don Berberidaceae S
24. Bidens biternata L. Asteraceae H
25. Bidens pilosa L. Asteraceae H
26. Biota orientalis (L.) Endl. Cupressaceae T
27. Boenninghausenia albiflora Reich. ex Meisn. Rutaceae S
28. Bupleurum tenue Buch.-Ham. ex D. Don Apiaceae H
29. Campanula colorata Wall. Campanulaceae H
30. Carex cruciata Wahlenb. Cyperaceae H
31. Carex nubigena Tilloch &Taylor Cyperaceae H
32. Carpesium cernuum L. Asteraceae H
33. Carum anathifolium Benth. Apiaceae H
34. Cassia floribunda Cav. Caelapiniaceae S
35. Cassia laevigata Willd. Caesalpiniaceae S
36. Cassia mimosoides L. Caesalpiniaceae H
37. Cedrus deodara (Roxb. ex D. Don) G. Don Pinaceae T
38. Celtis tetrasperma Roxb. Ulmaceae S
39. Centella asiatica (L.) Urban Apiaceae H
40. Circaea alpina L. Onagraceae H
41. Circaea lutea L. Onagraceae H
42. Clinopodium umbrosum (M. Bieb.) Koch Lamiaceae H
43. Colquehonia coccinea Wall. Lamiacaea S
44. Commelina benghalensis L. Commelinaceae H
45, Conyza japonica Thunb. Lessing ex DC. Asteraceae H
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46. Conyza stricta Willd.

47. Coriaria nepalensis Wall.

48. Cornus oblonga Wall.

49. Cotoneaster microphylla Wall. ex Lindl.
50. Craniotome furcata (Link) Kunze

51. Crotalaria sessibiflora L.

52. Cupressus torulosa D. Don

53. Cynoglossum glochidiatum Wall. ex Benth.
54. Cynoglossum lanceolatum Forsk.

55. Cyperus niveus Retz.

56. Daphne cannabina Wall.

57. Debregeasia longifolia (Burm. fil.) Wedd.
58. Debregeasia salicifolia (D. Don) Rendle
59. Desmodium multiflorus DC.

60. Deutzia staminea R.Br.

61. Dicliptera bupleuroides Nees

62. Dipsacus mites D. Don

63. Epilobium royleanum Haussk.

64. Epipactis latifoila (L.) Alloini

65. Erigeron bonariensis L.

66. Erigeron annua (L.) Pers.

67. Erigeron karvinskianus DC.

68. Eupatorium adenophorum Spreng.

69. Flemingia bracteata (Roxb.) Wight

70. Flemingia involucrate Benth.

71. Fragaria indica Andrews

72. Fraxinus micrantha Lingelsheim

73. Galinsoga ciliata (Rafines.-Sch.) Blake
74. Galium aparina L.

75. Galium rotundifolium L.

76. Geranium nepalense Sweet

77. Geranium wallichianum D. Don ex Sweet
78. Gerbera gossypina (Royle) G.Beauv.

79. Girardiana heterophylla (Vahl) Decne.
80. Goodyera repens (L.) R.Br.

81. Habernaria latilabris (Lindl.) Hook. fil.
82. Hedychium spicatum Buch.-Ham. ex J.E.Smith
83. Hypericum oblongifolium Choisy

84. llex dipyrena Wall.

85. Indigofera heterantha Wall. ex Brandis
86. Jasminum humile L.

87. Justicia simplex D. Don

88. Lantana camara L.

89. Lepidium virginianum L.

90. Leucas lanata Benth.

91. Lindenbergia indica (L.) Vatke

92. Litsea umbrosa Nees

93. Lonicera quinquelocularis Hardw.

94. Lychnis fimbricata Wall. ex Benth.

95. Lyonia ovalifolia (Wall.) Drude

96. Meizotropis pellita (Hook.fil. ex Prain) Sanjappa
97. Melissa fllava Benth.

98. Micromeria biflora (Buch.-Ham.ex D. Don) Benth.
99. Mpyrica esculenta Buch.-Ham. ex D. Don
100.Myrsine Africana L.

101.Neanotis calycina (Wall. ex Hook fil.) Lewis

Asteraceae
Coriariaceae
Cornaceae
Rosaceae
Lamiaceae
Fabaceae
Cupressaceae
Boraginaceae
Boraginaceae
Cyperaceae
Thymelaeaceae
Urticaceae
Urticaceae
Fabaceae
Saxifragaceae
Acanthaceae
Dipsacaceae
Onagraceae
Orchidaceae
Asteraceae
Asteraceae
Asteraceae
Asteraceae
Fabaceae
Fabaceae
Rosaceae
Oleaceae
Asteraceae
Rubiaceae
Rubiaceae
Geraniaceae
Geraniaceae
Asteraceae
Urticaceae
Orchidaceae
Orchidaceae
Zingiberaceae
Hypericaceae
Equifoliaceae
Fabaceae
Oleaceae
Acanthaceae
Verbenaceae
Brassicaceae
Lamiaceae
Scrophulariaceae
Lauraceae
Caprifoliaceae
Caryophyllaceae
Ericaceae
Fabaceae
Lamiaceae
Lamiaceae
Myricaceae
Myrsinaceae
Rubiaceae
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102.Nervilea crispate (Blume) Schltr.
103.0nchychium cryptogrammoides C.Chr.
104.0plismenus compositus (L.) P.Beauv.
105.0riganum vulgare L.

106.0ryzopsis aequiglumis Duthie ex Hook fil.
107.0Oxalis corniculata L.

108.0xalis latifolia BHK

109.Paris polyphylla J.E.Smith

110.Pilea umbrosa Wedd.

111.Pilea scripta (Buch.-Ham.ex D. Don) Wedd.
112.Pimpinella acuminate (Edgew.) Clarke
113.Pimpinella diversifolia DC.

114.Pinus roxburghii Sarg.

115.Platystemma violoides Wall.
116.Plectranthus striatus Benth.
117.Plectranthus japonicus (Burm.fil.) Koidz.
118.Polycarpaea corymbosa (L.) Lam.
119.Polygonum hydropiper L.
120.Polygonum amplexicaule D. Don
121.Polygonum nepalense Meisn.
122.Potentilla nepalensis Hook.
123.Pouzolzia hirta (Blume) Hassk.
124.Prinsepia utilis Royle

125.Pteris cretica L.

126.Pyracanthus crenulata (D. Don) M.Roem.
127.Quercus floribunda Lindl. ex Rehder
128.Quercus leucotrichophora A. Camus
129.Quercus semecarpifolia J.E. Smith
130.Randia tetrasperma (Wall.) Hook.fil.
131.Rhamnus virgata Roxb.
132.Rhododendron arboretum Smith
133.Rosa moschata Mill. ex Herrm.
134.Roscoea purpurea J. E. Smith

135.Rubus ellipticus Smith

136.Rubus lasiocarpus Smith

137.Rumex hastatus D. Don

138.Sanicula elata Buch.-Ham. ex D. Don
139.Sarcococa hookeiana Baill

140.Satyrium nepalense D. Don
141.Scutellaria angulosa Benth.

142.Sedum sinuatum Royle ex Edgew.
143.Selinum wallichianum (DC.) Raizada & Saxena
144.Setaria glauca (L.) P. Beauv.

145.Setaria homonyma (Steud.) Choiv.
146.Siegesheckia orientalis L.

147.Smilax vaginata Decne.

148.Solidago virg-aurea L.

149.Stachys sericea Wall. ex Benth.
150.Swertia pulchella Buch.-Ham. ex D. Don
151.Swertia ciliata Burtt.

152.Synotis rufinervis (DC.) C. Jeffrey & Y.L.Chen
153.Teucrium royleanum Wall. ex Benth.
154.Thalictrum foliolosum DC.

155.Themeda anathera (Nees ex Steud.) Hack.
156.Torenia cordiflora Roxb.

157.Torilis japonicus (Houtt.) DC.

Orchidaceae
Cryptogrmmaceae
Poaceae
Lamiaceae
Poaceae
Oxalidaceae
Oxalidaceae
Liliaceae
Urticaceae
Urticaceae
Apiaceae
Apiaceae
Pinaceae
Gesneriaceae
Lamiaceae
Lamiaceae
Caryophyllaceae
Polygonaceae
Polygonaceae
Polygonaceae
Rosaceae
Urticaceae
Rosaceae
Pteridaceae
Rosaceae
Fagaceae
Fagaceae
Fagaceae
Rubiaceae
Rhamnaceae
Ericaceae
Rosaceae
Zingiberaceae
Rosaceae
Rosaceae
Polygonaceae
Apiaceae
Buxaceae
Orchidaceae
Lamiaceae
Crassulaceae
Apiaceae
Poaceae
Poaceae
Asteraceae
Smilacaceae
Asteraceae
Lamiaceae
Gentianaceae
Gentianaceae
Asteraceae
Lamiaceae
Ranunculaceae
Poaceae
Scrophulariaceae
Apiaceae
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158.Urena lobata L.

159.Utrica dioica L.

160.Valeriana wallichii DC.
161.Viburnum continifolium D. Don

162.Viburnum coriaceum Blume

163.Viola canescens Wall.
164.Viola pilosa Blume
165.Wikstroemia canescens Meisn.

166.Wulfenia amherstiana Benth.

Malvaceae
Urticaceae
Valerianaceae
Caprifoliaceae
Caprifoliaceae
Violaceae
Violaceae
Thymelaeaceace
Scrophulariaceae
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Table 2. Family-wise contribution to genera and species

Species

Tree

Shrub

Herb

Genus

Species

Genus

Species Genus

Species

Acanthaceae
Achyranthaceae
Agavaceae
Alangiaceae
Alliaceae
Amaranthaceae
Amaryllidaceae
Anacardiaceae
Annonaceae
Apiaceae
Apocynaceae
Araceae
Araliaceae
Arecaceae
Avristolochiaceae
Asclepiadaeae
Asparagaceae
Asteraceae
Athyriaceae
Balsminaceae
Berberdiaceae
Betulaceae
Bignoniaceae
Bombaceae
Borginaceae
Brassicaceae
Burseraeae
Caesalpiniaceae
Campanulaceae
Cannbaceae
Capparaceae
Caprifoliaceae
Cariaceae
Caryophyllaceae
Caryophyllaceae
Celastraceae
Chenopodiaceae
Clemaceae
Combretaceae
Commelinaceae
Convolvulaceae
Costaceae
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Crassulaceae

Cryptogrammaceae

Cucurbitaceae
Cyperaceae
Dioscoreaceae
Dipsacaceae
Dipterocarpaceae
Droseraceae
Elaeagnaceae
Ephederaceae
Ericaceae
Euphorbiaceae
Fabaceae
Fagaceae
Fumariaceae
Gentianaceae
Geraniaceae
Hydrangeaceae
Hypericaceae
Hypoxidaceae
Iridaceae
Julandaceae
Lamiaceae
Lauraceae
Leeaceae
Liliaceae
Linaceae
Loranthaceae
Lythraceae
Malvaceae
Meliaceae
Menispermaceae
Mimosaceae
Molluginaceae
Moraceae
Morinaceae
Musaceae
Myricaceae
Myrsinaceae
Myrtaceae
Nelumbonaceae
Nyctaginaceae
Nymphaceae
Ochnaceae
Oleaceae
Onagraceae
Orchidaceae
Oxalidaceae
Paeoniaceae
Pandanaceae
Papaveraceae
Paranassiaceae
Pedaliaceae
Pedaliaceae
Peperomiaceae
Periplocaceae
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Phytolaccaceae
Pinaceae
Piperaceae
Pistaciaceae
Pittosporaceae
Plumbaginaceae
Poaceae
Podophyllaceae
Polygonaceae
Portlaceae
Primulaceae
Punicaceae
Ranunculaceae
Rhamnaceae
Rosaceae
Rubiaceae
Rutaceae
Sapindaceae
Saxifragaceae
Scrophulariaceae
Simaroubaceae
Smilaceae
Solanaceae
Steruliaceae
Symplocaceae
Tamaricaceae
Taxaceae
Tiliaceae
Trilliaceae
Typhaceae
Ulmaceae
Urticaceae
Valerianaceae
Verbenaceae
Violaceae
Vitaceae
Zingiberaceae
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Table 3. Ratios of species, genus and family

Ratio

Primary resources

Secondary resources

Tree

Shrub

Herb

Tree

Shrub

Herb

Genus: Species
Family: Species
Family: Genus

1.14
1.23
1.08

1.09
1.44
1.32

1.30
3.05
2.35

2.42
2.57
1.06

1.48
3.23
2.18

156
6.45
4.14

Table 4. Diversity indices of different forest sites

Forest

Layer

Margalef

Shannon-Weaver

Simpson

Whittaker

Chir-pine

Tree

1.85

0.22

1.83

15

Shrub

16.22

2.29

0.62

2.18
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Herb 28.77 3.44 0.45 1.89
Chir-pine Tree 1.12 0.63 0.97 1.5
Shrub 19.44 3.27 0.62 5.26
Herb 16.67 3.92 0.06 3.62
Banj oak Tree 3.18 1.32 0.89 2.5
Shrub 12.57 2.25 0.27 3.09
Herb 22.43 3.66 0.34 2.06
Tilonj oak Tree 3.36 0.53 3.36 1.67
Shrub 14.41 1.99 0.32 2.5
Herb 26.37 3.27 0.44 1.71
Kharsu oak Tree 4.44 1.56 0.56 2.09
Shrub 15.24 2.97 0.17 2.14
Herb 18.87 4.00 0.08 2.12
250
—&— Tree ——Shrub —&— Herb

200

g 150 1

S 100 A

50 -

0
D/QQ
Altitude (m)
Figure 1. Total plant species richness in relation to altitude
Author:

Geeta Kharkwal
C/o Sumitra Verma
Charton lodge
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The Reason Why Planets And Moons Move In The Same Direction
Wang Taihai
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Abstract: The main features of our solar system are that all the planets revolve around the sun in the same direction,
as do most of their moons, and all the planets lie more or less in the same plane of the sun’s own rotation. For
centuries scientists have tried to find a theory for the solar system origin that can explain these features. Any theory
that could not explain these features was usually rejected. But through mechanical analysis, the author of this article
found that these main features are not the result of our solar system's origin as most theories hypothesized but that of
mechanics of their movement . The author found that if a planet does not revolve in the plane of the sun's own
rotation and circle the sun counterclockwise, it will not be stable and its course will be deflected. The moving
pattern of our solar system determines these main features. Only in this moving pattern can the solar system survive.
[Academia Arena, 2009;1(1):43-46]. ISSN 1553-992X.

Keywords: the Sun, the Origin of the Solar System, the Coriolis Force

Up to now, theories for the origin of our solar system have tried to explain its main features that all the planets
revolve around the sun in the same direction, as do most of their moons, and all the planets lie more or less in the
same plane of the sun's equator. Most theories can explain these features well but can't adequately explain some
other chemical or physical phenomena. In this article | will prove that these features are not the result of our solar
system's origin but that of mechanics of their movement.

Through mechanical analysis, we will find that from whatever direction an alien celestial body intrudes upon
our solar system, if it is captured by the sun or by a planet it will keep changing its orbit till it circles in the same
direction and in the same plane as the already existing planets and moons do.

To simplify the discussion, let's take a look what will happen if the moon is not circling around the earth the
way it does now. (Let's call the direction in which all the planets circle around the sun counterclockwise, with the
opposite moving direction clockwise.)

Suppose the moon is orbiting the earth clockwise to start with, but because the earth/moon system is moving
around the sun counterclockwise, the vertically moving moon will be deflected by the Coriolis force(*) and its orbit
around the earth will tilt rightward, eventually becoming a counterclockwise revolution. The Coriolis force will
continue deflecting the moon until its orbit overlaps the plane of the sun's equator. Ultimately the moon will circle
the earth counterclockwise in the plane of the earth’s orbit as it almost does now.

clockwize wertical orbit will tilt rightward

Now, let's suppose the moon's orbit around the earth is vertical to the plane of the earth's orbit and the direction
is counterclockwise.
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comnterclockwise wertical orbit will tilt leftward

As illustrated above, the moon will be deflected by the Coriolis force and its orbit around the earth will tilt
leftward to become counterclockwise around the earth eventually, too. The Coriolis force will continue deflecting
the moon until its orbit overlaps the plane of the sun's equator completely. Ultimately the moon will also circle the
earth counterclockwise in the plane of the earth’s orbit.

Then, what if the moon was captured but clockwise by the earth right in the plane of the sun's equator to start
with? By mechanical analysis, we can see that in this situation either the moon will collide with the earth or its orbit
be distorted to become counterclockwise.

We know that when the moon moves around the earth, it is also moving around the sun. Between the moon and
the earth, their masses, gravitational force, distance and the moon's relative orbital velocity to the earth must meet
the Newton's law of universal gravitation and the circular motion principles. In addition, between the moon and the
sun, their masses and motion parameters must also meet the Newton's law of universal gravitation and the circular
motion principles. The relative orbit velocity of the moon can be calculated with the following formula.

" Fik

i}

Where:

V -the relative orbital velocity of the moon

F -the resultant force that dominates the moon’s motion

R -the distance between the moon and the sun or the earth
m -the mass of the moon.

To simplify the problem, let us take four representative points A,B,M and N in the moon’s orbit for analysis.
When the moon is at point M or N, its relative orbit velocity to the sun is the same as that of the earth. As the moon
moves clockwise further to point A, its relative orbit tangential velocity to the sun increases to the highest, but the
forces from the sun and the earth are in opposite directions so that the resultant force (F) on the moon is at a
minimum. Now the moon is at a minimum distance to the sun (R), too. According the equation above, the moon
should have a minimum relative orbital velocity to the sun (V). But the actual value is at maximum.

When we take point B for analysis, we will also find the inconsistence where the moon should have a highest
relative velocity to the sun but the actual value is the lowest.

44


http://imageshack.us/�

Academia Arena, 2009;1(1), ISSN 1553-992X, http://www.sciencepub.net, aarenaj@gmail.com

From the above analysis, we can see if a moon runs but clockwise around a planet, its orbit would not be stable.
By further analysis we can see its orbit will be elongated to a narrow strip by and by and the collision possibility
between the moon and its planet is very high or is inevitable.

However a moon comes to be captured by a planet, the moon can only move stably around the planet
counterclockwise, the same as the way our moon is moving around the earth.

The above analysis accounts not only for the orbits of the moons around their planets but also accounts for the
planets' orbit and the periodic comets around their suns. The principle is the same. The sun is moving around the
Milky Way Galaxy center at a very high relative velocity. Any captured planet or periodic comet that doesn't move
within the plane of the sun's equator will be deflected by the Coriolis force and be made to run counterclockwise
around the sun within its equator plane. So the main features that the planets all revolve around the sun in the same
direction, as most of their moons do, and the planets all lie more or less in the same plane of the sun's own rotation
are not the result of the formation of the solar system, butis the result of the dynamics of our solar system.

Notes:

(1) Coriolis force is a sidewise force exerted on a body when it moves in a rotating reference frame. It is a
fictitious force because it is a by-product of measuring coordinates with respect to a rotating coordinate system as
opposed to an actual push or pull.

PS
1. Some are suspicious of the Coriolis Force effect, and argued with me on Coriolis Force fiercely. So |
reexplain my point in another way. Take the second illustration for example.

comhterclockwize wertical orbit will tilt leftward

Let's see what will happen if the moon circles the earth freely in a counterclockwise polar orbit.

When the moon is right over the earth's north pole, its velocity (V) relative to the sun is the same as that of the
earth because they are at the same orbital distance to the sun. Now the moon circles in, its centripetal force (F) to the
sun is reduced. Why, because part of it is balanced off by the earth on the opposite side. On the other hand, its
distance to the sun (R) is shortened now. Now let's use the formula

" Fik

i}

The F and the R are both reduced, but its velocity is the same as the earth's. So once the moon moves in
between the Sun and the Earth, the moon will have redundant velocity and will go faster than required by the F and
R.

A track and field athlete knows this principle well. The lead runner always occupies the innermost tack while
turning so he can keep himself ahead of the others.

Now the moon is in the inner track and with the same relative velocity to the sun, it will surpass the earth. Thus
moon's orbit changes.

When the moon is ahead of the earth, universal gravitation force between the moon and the earth, and that of
between the moon and the sun  will apply a resultant force that will slow the moon down; Only when the speed of
the moon is reduced by this among can the V, F and R in the above formula be satisfied.
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2. | make a summary of what my article already provided, what my article is expected to provide, and what
I can further provide. I just don't want to disappoint all the visitors here.

-1t provides a new idea(the Reason Why planets and Moons Move in the Same Direction) on an old topic.
-1t provides a laconic deduction.
-1t provides a qualitative analysis.

-1t is expected to provide detailed deduction on the origin of the solar system, including how the sun, the planets
and their moons formed, what were they before they became spheres...

-1t is expected to present the reasoning mathematically.
quantitative analysis is expected.

-My specialty is not math, physics, or cosmology. And | am not in research. So it's not easy for me to present
quantitative analysis if | get no help from competent scholars. Aware of my weakness, | deliberately chose this title
for my article. | think my article can be considered as a complete thesis for the title | use(the Reason Why planets
and Moons Move in the Same Direction) .

-If you ask me how the birth of suns, their planets and moons come about, it's out of the topic that | want to discuss.
As Darwin told us the reason why polar bears are white, but should you censure him for not answering the question
why there are white polar bears on earth? Those are two different topics.

-In my reasoning, | must simplify all the complicated systems so that I can reason it with my brain, or | will have to
recourse to the advanced theories or complicated formulas which are beyond my competence.

-So, what I have provided and that | would provide are all basically qualitative analysis, just as Copernicus did when
he discovered our solar system is solar-centric, but gave no equation to show how that is achieved.

I do hope my work can be further carried on by competent scholars in quantitative ways.
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Distribution and Sources of Organochlorine Pesticides (OCPs) in Karst Cave,
Guilin, China
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Owago ', Zhang Junpeng '

(1) Department of Environmental Engineering, Faculty of Environmental Studies,
Key Laboratory of Bio and Environmental Geology of Ministry of Education, China University of
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Abstract: Despite the numerous researches done on Organochlorine pesticides (OCPs) in China and in the
world, information regarding emissions and concentrations of OCPs in Karst caves is extremely limited.
Karst areas have much higher ecological vulnerability and are so easy to be contaminated. This paper
presents results of a monitoring program conducted in Dayan cave, Guilin, China that was designed to
characterize levels, trends and sources of pesticides in soil (sediment) samples. Thirteen soil samples were
collected and OCPs were analysed. Inside the cave a total concentration of OCPs (3 OCPs) detected was
29.659 ng /g with a mean value of 3.295 ng /g and ) OCPs detected outside the cave was 74.108 ng /g with
a mean value of 18.527ng/g. > OCPs outside the cave was higher than Y OCPs outside the cave. The
concentration of Chlordane in OCPs was highest among all the OCPs detected with range of
0.12—13.253ng/g and mean value of 3.93 ng /g. The next compound with high level of concentration was
Heptachlor which ranged from Non-detected (ND) to 2.465 ng/g with a mean value of 1.4 ng/g. The
pollution of OCPs in soil comparing with other countries and other areas in China was light. The analysis
of Dichlorodiphenyltrichloroethane (DDT) and Hexachlorocyclohexane (HCH) isomers showed that there
was fresh input of Dicofol and Lindane in the study area. By calculating the ratios of
Dichlorodiphenyldichloroethane (DDD) to Dichlorodiphenyldichloroethylene (DDE), it was found that the
degradation of DDT outside the cave was aerobic and the degradation of DDT inside the cave was
anaerobic. [Academia Arena, 2009;1(1):47-56. ISSN 1553-992X].

Key words: Organochlorine pesticides, Karst cave, Soil, Guilin, China.

1. Introduction

Organochlorine pesticides are a group of persistent organic pollutants (POPs) which are to be
eliminated or reduced on their release into the environment in many countries. Because of their persistence
in the environment, and biological accumulation through the food web, OCPs can cause environmental
damage, and affect human health (Colborn et al, 1996) .Due to their volatility and persistence in the air;
OCPs are subjected to long-range atmospheric transport (LRAT). Therefore, OCPs released in the tropical
and subtropical environments could be dispersed rapidly through air and water, and tend to be redistributed
on a global scale (Tanabe, 1991) .The origin and fate of OCPs in soils with different land use have been
extensively studied in many countries. Although the usage of OCPs was phased out for decades, the
elevated concentrations were still observed in many agricultural soils (Harris et al., 2000) and the
relationship between sites of greatest application and current residue levels was found strong (Shivaramaiah
et al., 2002). The release of OCPs from soils continues to be a source of OCPs pollution to the environment
(Meijer et al., 2001).

China is a large producer and consumer of Pesticides in the world (Rongbing et al., 2006). Large
amount of OCPs were used in past decades to sustain over population in China. HCH and DDT were
widely used in China from 1952-1983. Although their use had been discontinued in China since 1983, their
persistence has left residual amounts in the soil in many areas (Zhao Ling and Ma Yongjun, 2001). At
present the use of DDT is still allowed to control mosquitoes, particularly in the malarial transmission
zones in China (Zhang et al., 2005). Accordingly, China still produces a small amount of DDT and China
is also allowed to export DDT to other countries for the same purpose. This paper presents the current
status of OCPs residues in Dayan cave (Karst cave).
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2. Materials and Methods
2.1 Study Area

Region of research was in Guilin located in Guangxi Zhuang Autonomous Region in southeast
China.Guangxi province (Southeast of China). The Geographical coordinates are 25° 40' 25" North, 108°
44' 0" East and has an altitude of 150m. It is bounded to the north-east by Hunan province, to the south-east
by Hezhou town and it is next to Guangdong province. It has a surface area of 27, 800 square kilometers
and a population of 4.76 million.
Dayan is an intermediate upper layer cave of Guilin Maomoatou cave system, located in the middle part of
Guangming Mountain at right side of Taohua River in the north-west of Guilin. Guangming Mountain is a
large peak cluster in Fenglin Plain, with an area of 0.92km?, the highest peak altitude of 404.4m and the
plain altitude of 151 m.The outcrop is a thick limestone layer of the Devonian system with a high intensity
of Karst process. Dayan is a noncommercial karst cave located northeast to Ludiyan cave. The map of
Guangxi showing Guilin and plane diagram of Dayan cave are shown in Fig 1 and Fig 2 respectively.

Guilin

-

\
Guangxi Zhuang
Autonomous Region

Fig 1: Map of Guangxi province showing Guilin
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Fig 2: Map of Dayan Cave showing sampling locations (1 to 10) are sampling locations
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2.2 Soil sampling

Ten sampling locations were chosen inside the cave that followed the horizontal section from the
east gate as shown in Fig 2. Sampling location 1 was at the east gate (outside the cave) and the serial
number was from 1 tol0. Three samples (1°, 2°, and 3”) were also taken outside the east gate. Nine
samples were obtained inside the cave (2 to10) and 4 samples outside the cave (1, 1°, 2°, and 3”). Sampling
was done with the use of a hand shovel. The weight of each sample collected was 500g. After the collection
of samples, they were kept frozen prior to the commencement of the laboratory analysis.

2.3 Analysis
2.3.1 Experimental procedures

Before analyising the samples (before experiment) all glass wares were acid washed and cleansed
with distilled water before they were dried in the oven at 200°C for about four hours. Reagents used for the
experiment included: dichloromethane (DCM), hexane, acetone, sodium sulfate, alumina gel (100-200
mesh), silica gel (100-200 mesh), mesh hydrochloric acid and vitriol. Filter paper, aluminium foil,
absorbent cotton and active copper were also used as materials.

Mixed standard sample of OCPs [2,4,5,6-tetrachloro-m-xylene (TCMX) and decachlorobiphenyl
(PCB 209)] were used as surrogate standards and were added to all the samples before the extraction. The
whole process of pretreatment was based on US EPA SW-8080A method as reference. 20 g of the sample
were weighed with electronic balance and injected with the surrogate (using a syringe) before the sample
was Soxhlet-extracted for 48 hours with redistilled Dichloromethane (DCM). Active copper slices were
added to the conical flask containing DCM to eliminate the influence of sulphur contained in the sample.
After 48 hrs in the soxhlet extractor, the extracted samples were added with Sodium sulphate (NaSQO,) to
remove unwanted water. After that, the solvents were concentrated to about 5 ml and then passed though a
mixture of silica gel and alumina gel (10/3, V/V) for purification and it was rinsed by a mixture of DCM
and hexane (2/3,V/V). The solvent was then condensed with high purity Nitrogen. 4 ml of the hexamethyl-
benzene and PCNB (5ppb) were added as internal standards to help in quantifying the amount of OCPs
present in the samples. Finally samples were stored and kept in the refrigerator until next analysis (Analysis
by HP 6890 GC).

2.3.2 Analysis by HP 6890 GC

HP 6890 GC (Gas Chromatography) was equipped with a ®Ni electron capture detector and a 30
m x 0.32 mm i.d (0.25 /m film thickness) DB-5 fused silica capillary column. Nitrogen was added as a
carrier gas at 1.2ml/min. the oven temperature was kept at 40°C for 5 minutes and increased to 290°C at a
rate of 4°C/min. Injector and detector temperatures were maintained at 250 and 300°C respectively. 2
Microliters (ul) of each sample was injected for analysis.

2.3.3 Quality control and Quality assurance (QC/QA)

Quality control and Quality assurance was made by the use of the US EPA method in the process
of the experiment. Method blanks (solvents), duplicate samples, and spiked blanks (standards spiked into
solvent) were analyzed. In addition, surrogate standards were added to each of the samples to monitor
procedural performance and matrix effects. The concentrations of OCPs were corrected for the recovery
ratios for the surrogates. The recovery ratios for the surrogates in the samples conform to the reported
ranges by US EPA. The recovery rates and standard deviation of OCPs during separation and testing are
within the limiting value of the US EPA 610 method. Recovery rates of TCMX and PCB209 are 69+6%
and 76+7% respectively.

3. Results and Discussions
3.1 Concentration and distribution of OCPs

A summary of concentrations of OCPs detected in soil samples of Dayan cave is shown in Tablel.
Inside the cave Y OCPs detected was 29.659 ng /g with a mean value of 3.295 ng /g and Y OCPs detected
outside the cave was 74.108 ng /g with a mean value of 18.527ng/g. > OCPs outside the cave is higher than
the total concentration outside the cave (Fig 3).
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The levels of OCPs outside the cave compared to the levels inside indicated that despite the relatively
closed environmental system of the cave and less human interference inside the cave, it still had OCPs
contamination due to air transfer, rain water filtration and other processes, but the degree of contamination
was not high.

Table 1. Levels of OCPs in soil samples of Dayan Cave

OCPs overall level range  OCPs level range inside the OCPs level range outside
Min—Max(mean value)  cave the cave
Min—Max(mean value) Min—Max(mean value)
(2 to 10 samples) (1, 1, 2', 3'samples)

a-HCH 0.014—0.170 (0.087) 0.014—0.126(0.043) 0.095—0.170(0.130)
B-HCH 0.026—0.219 (0.102) 0.026—0.219(0.087) 0.100—0.138(0.117)
»-HCH 0.015—0.285 (0.092) 0.015-0.180(0.044) 0.075—0.285(0.140)
S-HCH 0.009—0.072 (0.034) 0.009—0.045(0.024) 0.020—0.072(0.044)
TC 0.021—6.119 (1.841) 0.021—1.674(0.279) 3.226—6.119(3.403)
cC 0.085—7.134 (2.221) 0.101—3.111(0.849) 3.899—7.134(4.198)
Hep ND—2.465 (1.399) ND—1.087(0.139) 1.871—2.465(1.632)
Hep-Epo ND—1.908 (0.911) ND—1.022(0.379) 1.000—1.908(1.185)
Endol ND—0.230 (0.067) ND—0.040(0.021) 0.103—0.230(0.122)
Endoll ND—0.161 (0.046) ND—0.057(0.021) 0.026—0.161(0.080)
Endosulfate 0.030—0.500 (0.175) 0.030—0.180(0.086) 0.200—0.500(0.294)
p,p-DDE 0.011—0.342 (0.108) 0.011—0.109(0.041) 0.115—0.342(0.174)
p.p-DDD ND—0.121 (0.079) ND—0.077(0.038) 0.011—0.121(0.059)
0,p-DDT 0.049—0.467 (0.212) 0.049—0.226(0.113) 0.302—0.467(0.310)
pp-DDT ND—0.090 (0.031) ND—0.039(0.011) 0.046—0.090(0.050)
YDDTs" 0.094—0.875 (0.371) 0.094—0.384(0.162) 0.532—0.875(0.434)
SHCHs* 0.100—0.665(0.269) 0.100—0.453(0.197) 0.313—0.665 (0.430)

2OCPs* 1.159—23.625(10.911) 1.159—11.180(3.295) 13.250—23.625(18.527)

ND=Non- detected

SHCHs"= a-HCH + -HCH + §-HCH + y-HCH.

¥DDTs= p, p-DDE + p, p-DDD + o, p -DDT + p, p -DDT.

YOCPs® =XHCHs+XDDsT+Zother OCPs.

Yother OCPs = Heptachlor (Hep) + Heptachlor epoxide (Hep-Epo) + TC (Trans-Chlordane) + CC (Cis-
Chlordane) +Endol (a- Endosulfan) +Endoll (f-Endosulfan) +Endosulfate.

The concentration of Chlordane (TC+CC) in OCPs was highest among all the OCPs detected
inside and outside the cave with a total concentration of 39.689ng/g and mean value of 9.92 ng /g inside the
cave and a total concentration of 4.52 ng/g outside the cave with a mean value of 1.13 ng /g.

This is because South china have been using Chlordane to kill termites, so the high concentration of
Chlordane observed may be predominantly due to the use of technical Chlordane as a termiticide in this
area in previous years . In China, technical chlordane is still being extensively used against termites in
buildings, with an estimated amount of over 200 tons year ' in recent years (Xu et al., 2004).

The next compounds with highest levels of concentration were Heptachlor (Hep) and Heptachlor epoxide
(Hep-Epo.) Heptachlor (Hep) was also used and produced in large quantity in China. From 1967 to 1969
the amount of Heptachlor produced was 17 tons, to kill the termites and other insects in the soil. It is shown
in Fig 4 that the majors parts of OCPs (HCHs and DDTs) at the cave’s innermost sampling locations 9 and
10 did not show the lowest values, but rather slightly greater than the values of sampling locations 7 and 8
at the middle of the cave. This suggests that there may be a fracture pore near the north mouth that allows
some air to come in.

Fig 4 shows that the total concentration of DDTs (3 DDTs) in soil samples was higher than the
total concentration of HCHs (ZHCHs). This trend is consistent with the previous observations on the
contamination of OCPs in soil in China (Zhou et al., 2001). A most likely explanation for the current low
concentration of HCHs in soil is due to the difference in the physicochemical and biochemical properties,
wherein HCHs have higher water solubility, vapor pressure and biodegradability, and lower lipophicility
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and particle affinity compared to the DDTs (Rui et al., 2005). DDTs tend to remain in the particulate phase
longer than HCHs. (Nhan et al., 2001).

In comparison with recent research reports, the concentrations of ) DDTs and ) HCHs measured in
the study area were in the same low range with other pristine areas such as Tibet plateau where the
concentration of ) DDTs ranged from ND to 2.83 ng/g and ) HCHs ranged from 0.18 to 5.38 ng/g (Fu et al.,
2001), and European high altitude mountains that had Y DDTs and > HCHs residual level in the range of
1.7-13 ng/g and 0.08-0.49 ng/g respectively (Grimalt et al., 2004).

I'1 2 3 4 5 6 7 8 910

NN
S W
I |

OCPs levels in soil f1g/g)
o w o n

Sampling locations

Fig 3: Distribution of ZOCPs in soil of Dayan cave
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Fig 4: Distribution of ZHCHs and XDDTs in soil of Dayan cave

The average concentration outside the cave and inside the cave of ) DDTs and ) HCHs was lower
than the average concentration of > DDTs and Y HCHs in Hong Kong soils which was 0.52 ng/g and
6.19ng/g respectively (Zhang et al, 2006), and they were much lower than the average concentrations of
>'DDTs (37.6 ng/g) and Y HCHs (12.2 ng/g) found in soils of Pearl River Delta Region (Fu et al., 2003).
Some other studies reported around China, had higher residual levels of OCPs such as Beijing (Zhu et al,
2005), Tianjin (Tao et al., 2005), Nanjing (An et al., 2005). In Europe, XDDTs and XHCHs levels were in
the range of 4.3-2400 ng/g and 0.36-110 ng/g in Poland soils (Falandysz et al., 2001). In comparison with
similar research the levels of OCPs in Guilin were low and the reason is because there are mainly rice
farms in the vicinity of Guilin city in which small amounts of OCPs were used with the rotary method of
planting rice. The existence of alternating wet and dry conditions was beneficial to the aerobic and
anaerobic degradation of OCPs, leading to a reduced amount of soil OCPs.
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3.1.1 Distribution and degradation of HCH isomers

It has been widely recognized that HCH is available in two formulations: technical HCH and
lindane. Technical HCH contains isomers in the following percentages: a, 55-80%; £, 5—14%; y, 8-15%; 4,
2-16%; €, 3-5% (Qiu et al., 2004), and Lindane contains > 90% of y-HCH. The ratio of a- to y-HCH has
been used to identify the possible HCH source. If the source of HCH comes from fresh input of technical
HCH, the ratio of a - to y -HCH is between 3 and 7 (Yang et al., 2008). However, a lindane source will
reduce the ratio to close or <1 (Willet et al., 1998). A higher ratio of a - to y -HCH than 7 can be explained
by long-range transport or re-cycling of technical HCH, because o -HCH has a longer atmospheric lifetime
than y isomer by about 25% (Willet et al., 1998). As shown in Fig 6, the ratios of a-HCH/y-HCH 1in all soil
sampling locations were lower than 3. Accordingly, the contamination of HCHs in this region probably
came from local use of lindane and also indicated Lindane inputs in the past several years.

By analyzing the individual HCH isomers (Fig 5), it was found that f~-HCH had the highest level
of concentration among all the samples and it accounted from 20.03-79.13 %, especially in sample 3 to 7
where it accounted from 23-79% of the total HCHs detected. The f-HCH was higher because of its
persistence in soil. The persistence of f-HCH in soils is mainly due to the higher K, (log K, =3.78) and
lower vapor pressure value (3.6x10”7 mmHg, 20°C) (Zhang et al., 2006). These will make f-HCH easier to
be absorbed to the soil organic matter and less evaporative loss from soils (Mackay et al., 1997).
Furthermore, the spatial arrangement of Chlorine atoms in the molecular structure of f~-HCH was supposed
to be more resistant to microbial degradation in soils (Middeldorp et al., 1996).
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Fig 5: HCH isomers in soil of Dayan cave
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Fig 6: Ratios of a-HCH to y-HCH in soil of Dayan cave
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3.1.2 Distribution and degradation of DDT isomers

Commercial DDT generally contains 75% p,p’-DDT, 15% o,p’-DDT, 5% p,p’-DDE, <0.5% p,p’-
DDD, <0.5 o,p-DDE and <0.5% of unidentified compounds (WHO, 1979), but in Dicofol, the
concentration of o,p -DDT is more than p,p’-DDT (Qiu et al., 2005). DDTs isomers have a long persistence
in the environment and their levels of concentrations in this study are shown in Fig.7. DDT can be
biodegraded under aerobic conditions to DDE and under anaerobic conditions to DDD (Bossi et al., 1992).
The ratio of DDD/DDE greater than 1 indicates that the soil was dominated by DDD, the product of
anaerobic degradation of DDT, and the ratio lesser than 1 indicates that the soil was dominated by DDE,
the product of aerobic degradation of DDT (Zhou et al., 2006). DDE and DDD Changes in the ratio of
DDE and DDD to £DDTs has been regarded as an indication of either no or decreasing inputs to the
environment. The ratio of (DDE+DDD)/~DDTs greater than 0.5 can be thought to be subjected to a long
term weathering (Dong et al, 2002) and More o, p-DDT than p, p'-DDT in the environment can
demonstrate the Dicofol type DDT usage (Qiu et al., 2004 ).

The ratios of (DDE+DDD)/ £DDTs are shown in Fig.9. The ratios were in the range of 0.26-0.61
with most values being less than 0.5 (mean value is 0.4) and in Fig.7 it is shown that the concentration of
o,p’-DDT was more than the concentration of p,p’-DDT as in Dicofol, this suggests that there was fresh
input of Dicofol in the study area. Also, most values of DDD/DDE ratios as shown in Fig. 8 were greater
than 1 inside the cave and ranged from 0.092 to 7 with an average value of 2.31, and the ratios of
DDD/DDE outside the cave ranged from 0.052 to 0.53 with an average value of 0.35.
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Fig 7: Distribution of DDT isomers in soil of Dayan Cave
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The results obtained clearly indicated that DDT in soil inside and outside of the Dayan cave may
be derived from Dicofol and DDT was retained under anaerobic conditions inside the cave and under
aerobic condition outside the cave.

The use of Dicofol in China is mainly in the southern and eastern provinces, mostly on litchi, longan, citrus
crops and cotton (Yang et al., 2008).
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Fig 8: Ratios of DDD/DDE in soil of Dayan Cave
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Fig 9: Ratios of (DDD + DDE)/ ¥DDTs in soil of Dayan cave

4, Conclusion

The use of HCHs and DDTs in China has been banned for 20 years and this sanction resulted in a
tremendous decrease of OCPs concentrations in soils of Dayan cave. The residual levels of OCPs in soils
outside Dayan cave were less than corresponding national values and among all the OCPs detected the
concentration of chlordane and heptachlor were highest because they have been used in the study area.
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¥DDTs and XHCHs in soil inside the cave were low in comparison with worldwide background mountains
and polar regions. As conclusion the pollution of OCPs in the soils inside and outside Dayan cave was light.
The analysis of isomers of DDTs and HCHs showed that there is fresh use of Dicofol and Lindane
respectively in the study area. DDT degradation outside the cave was aerobic while inside the cave the
degradation of DDT was anaerobic.

Acknowledgement
The authors wish to pay tribute to the referenced authors .This study discusses their work, but the
views expressed are those of authors and do not represent those of the referenced authors.

Corresponding to:

Annette Sylvie Muhayimana

Department of Environmental Engineering

Faculty of Environmental Studies,

Key Laboratory of Bio and Environmental Geology of Ministry of Education,
China University of Geosciences, Wuhan, Hubei 430074, China

E-mail: teteli2001(@yahoo.com

Qi Shihua

Department of Environmental Engineering

Faculty of Environmental Studies,

Key Laboratory of Bio and Environmental Geology of Ministry of Education,
China University of Geosciences, Wuhan, Hubei 430074, China

E-mail: shihuagi@cug.edu.cn

References

1. An, Q., Dong, Y.H., Wang, H., 2005. Residues and distribution character of organochlorine
pesticides in soils in Nanjing area. Acta Scientiaec Circumstantiae, 25, 470-474.

2. Bossi, R., Laesen, B., Premazze, G., 1992. Polychlorinated biphenyl congeners and other
chlorinated hydrocarbons in bottom sediment cores of lake Garden (Italy), Sci. Total Environ.,
121, 77-93.

3. Colborn, T., Dumanoski, D., Myers, J.P., 1996. Our Stolen Future. Dutton, New York, USA.

4. Doong, R.A., Peng, CK., Sun, Y.C., Liao, P.L., 2002.Composition and distribution of
organochlorine pesticide residues in surface sediments from the Wu-Shi River estuary, Taiwan.
Mar. Pollut. Bull., 45, 246-253.

5. Falandysz, J., Brudnowska, B., Kawano M., 2001. Polychlorinated Bi-phenyls and
Organochlorine Pesticides in Soils from the Southern Part of Poland. Arch. Environ Contam.
Toxicol., 40:173-178

6. Fu, JM., Mai, B.X,, Sheng , G.Y., Zhang, G., Wang, X.M., Peng, P.A., Xiao, X.M., Ran, R,
Cheng, F.Z., Peng, C.Z., Wang, Z.S., Tang, U.W., 2003. Persistent organic pollutants in
environment of the Pearl River Delta, China: an overview. Chemosphere, 52, 1411-1422.

7. Fu, S, Chu, S.G., Xu, X.B., 2001. Organochlorine pesticide residue in soils from Tibet, China.
Bull. Environ. Contam. Toxicol., 66, 171-177

8. Grimalt, J .O., Drooge, B .L., Ribes, A., Vilanova, R. M., Fernandez, P., Appleby, P., 2004.
Persistent organochlorine compounds in soils and sediments of European high altitude mountain
lakes. Chemosphere, 54 (10): 1549

9. Harris, M.L., Wilson, L.K., Elliott, J.E., Bishop, C.A., Tomlin, A.D., Henning, K.V., 2000.
Transfer of DDT and metabolites from fruit orchard soils to American Robins (Turdus
migratorius) twenty years after agricultural use of DDT in Canada. Arch. Environ. Contam.
Toxicol., 39, 205-220.

10. Mackay, D., Shiu, W.Y., Ma, K.C., 1997. Illustrated Handbook of Physical-Chemical properties
of Environmental Fate of Organic Chemicals, vol.V. Lewis Publishers, Boca Raton, FL.

55


mailto:teteli2001@yahoo.com
mailto:shihuaqi@cug.edu.cn

Academia Arena, 2009;1(1), ISSN 1553-992X, http://www.sciencepub.net, aarenaj@gmail.com

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.
23.

24.

25.

26.

27.

28.

29.

30.

Meijer, S.N., Halsall, C.J., Harner, T., Peters, A.J., Ockenden, W.A., Johnston, A.E., Jones,
K.C., 2001. Organochlorine pesticides residues in archived UK soil. Environ. Sci. Technol., 35,
1989-1995.

Middeldorp, P.J.M., Jaspers, M., Zehnder, A.J.B., Schraa, G., 1996. Biotransformation of a-, B-,
v-, and J- hexachlorocyclohexane under methanogenic conditions. Environ. Sci.Technol., 30,
2345-2349.

Negoita , T .G., Covaci ,A., Gheorghe, A., Schepens, P. , 2003.Distribution of polychlorinated
biphenyls (PCBs) and organochlorine pesticides in soils from the East Antarctic coast. Journal
of Environmental Monitoring, 5 (2):281-286.

Nhan, D.D., Carvalho, F.P., Am N.M., Tuan, N.Q., Yen, N.T.H., Villeneuve, J.P., 2001.
Chlorinated pesticides and PCBs in sediments and molluscs from fresh water canals in the
Hanoi region. Environ. Pollut., 112, 311-20.

Qiu, X.H., Zhu, T., Li, J., Pan, H.S., Li, Q.L., Miao, G.F., Gong, J.C., 2004. Organochlorine
pesticides in the air around the Taihu Lake, China. Environ. Sci. Technol., 38, 1368-1374.

Qiu, X.H., Zhu, T., Yao, B., Hu, S.W., 2005. Contribution of Dicofol to current DDT pollution
in China. Environ. Sci. Technol., 39, 4385-4390.

Rui, Q.Y., Gui, B.J.,, Qun, F.Z., Chun, G.Y, Jian, J.B.S., 2005. Occurrence and distribution of
Organochlorine pesticides in Sediments collected from East China Sea. Environmental
international, 31,799-804.

Shivaramaiah, H.M., Odeh, [.O.A., Kennedy, I.R., Skerritt, J.H., 2002. Mapping the distribution
of DDT residues as DDE in the soils of the irrigated regions of Northern New South Wales,
Australia using ELISA and GIS. J. Agric. Food Chem., 50, 5360-5367

Tanabe, S., 1991. Fate of toxic-chemicals in the tropics. Marine Pollution Bulletin, 22, 259-260.
Tao, S., Xu, F.L., Wang, J., Liu, W.X., Gong, Z.M., Fang, J.Y., Zhu, L.Z.,

Y .M. Luo, Y.M., 2005.0Organochlorine pesticides in agriculture soil and vegetables from Tianjin,

China. Environ. Sci. Technol., 39, 2494-2499.

Willett, K.L., Ulrich, E.M., Hites, S.A., 1998. Differential toxicity and environmental fates of
Hexachlorocyclohexane isomers. Environ. Sci. Technol., 32(15): 2197-207

World Health Organization (WHO), 1979. DDTs and its derivations. WHO, New York.

Xu, D., Deng, L., Chai, Z., Mao, X., 2004. Organohalogenated compounds in pine needles from
Beijing city, China. Chemosphere, 57, 1343—1353.

Yang, Y., Li, D., Mu, D., 2008. Levels seasonal Variations and sources of OCPs in ambient air
of Guangzhou, China. Atmospheric Environment, 42, 677-687.

Zhang, H.B., Luo, Y.M., Zhao, Q.Z., Wong, M.H., Zhang, G.L., 2006. Residues of
Organochlorine pesticides in Hong Kong soils. Chemosphere, 63, 633-641.

Zhang, H., Lu, Y., Dawson, R W., Shi, Y., Wang, T., 2005. Classification and ordination of
DDT and HCH in soil samples from the Guanting Reservoir, China. Chemosphere, 60, 762-769.
Zhao, L., Ma, Y., 2001. Effect of organic residues on soil environment. Soils, 33, 309-311.
Zhou, J.L., Maskaoui, K., Qiu, Y.W., Hong, H.S., Wang, Z.D., 2001.Polychlorinated biphenyl
congeners and Organochlorine insecticides in the water column and sediments of Daya Bay,
China. Environ Pollut., 113: 373-84

Zhou, R., Zhu, L., Yang, K., Chen, Y., 2006. Distribution of OCP’s in surface water and
Sediments from Qiantang River, East China. Department of Environmental Science, Zhejiang
University.

Zhu, Y., Liu, H., L., Xi, Z., Cheng, H., Xu, X., 2005.0rganochloline pesticides (DDTs and
HCHs) in soils from outskirts of Beijing, China. Chemosphere, 60, 700-778.

56



Academia Arena, 2009;1(1), ISSN 1553-992X, http://www.sciencepub.net, aarenaj@gmail.com

Stem Cell and Renal Disease
Hongbao Ma * *** Shen Cherng **, Yan Yang ***

* Bioengineering Department, Zhengzhou University, Zhengzhou, Henan 450001, China,
mahongbao@zzu.edu.cn, 01186-137-8342-5354

** Department of Electrical Engineering, Chengshiu University, Niaosong, Taiwan 833, China,
cherngs@csu.edu.tw; 011886-7731-0606 ext 3423

*** Brookdale University Hospital and Medical Center, Brooklyn, NY 11212, USA,
youngjenny2008@yahoo.com, 347-321-7172

Abstract: The renal disease is a common problem in human society. End-stage renal disease is a big heath
problem in the United States and in all places of the world. Embryonic stem cells, pluripotent derivatives of
the inner cell mass of the blastocyst, are the most primitive cell type likely to find application in cell
therapy. Their potential to generate any cell type of the embryo makes them to be the most attractive stem
cell therapy. It is possible to introduce stem cells into a damaged adult kidney to aid in repair and
regeneration. Transdifferentiation offers the possibility of avoiding complications from immunogenicity of
introduced cells by obtaining the more easily accessible stem cells of another tissue type from the patient
undergoing treatment, expanding them in vitro, and reintroducing them as a therapeutic agent. Adult stem
cells may possess a considerable degree of plasticity in the differentiation. Immunoisolation of heterologous
cells by encapsulation creates opportunities for their safe use as a component of implanted or ex vivo
devices. [Academia Arena, 2009;1(1):57-61]. ISSN 1553-992X.
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1. Introduction

Stem cell is the origin of an orgnism’s life. Stem cells have the potential to develop into many
different types of cells in life bodies, that are exciting to scientists because of their potential to develop into
many different cells, tissues and organs (Ma, 2005). End-stage renal disease (ESRD) is a big heath problem
in the United States and it costs more than $30 billion each year on ESRD therapy in this country (Arnold,
2000; Mai et al., 2006; Ross et al., 2006). The patients suffering from acute renal failure (ARF) are even
worse. ARF develops predominantly due to the injury and necrosis of renal proximal tubule cells (RPTCs)
as a result of ischemic or toxic insult. The cause of death subsequent to ARF is generally the development
of systemic inflammatory response syndrome. The disease state arising from renal failure is the result of
many factors. It is important to reveal the kidney's role in reclamation of metabolic substrates, synthesis of
glutathione, free-radical scavenging enzymes, gluconeogenesis, ammoniagenesis, hormones, growth
factors, and the production and regulation of multiple cytokines critical to inflammation and
immunological. There is considerable drive to develop improved therapies for renal failure (Mehta et al.,
2007). It is estimated that there are over 2 million patients in USA who suffer from end-stage renal disease.
About 60,000 patients in the United States are currently on the waiting list for a kidney transplant, and
some patients have waited for several years before an appropriate donor can be found. Despite the advances
in kidney transplantation, the shortage of donor organs limits treatment for the ESRD patients and requires
many patients to remain on dialysis for extended periods of life time. The alternate methods has resulted in
rapid progression of new approaches, such as therapeutic cloning and stem cell therapy (Berzoff et al.,
2008; Sirmon, 1990).

Some of the most notable recent findings are as follows: (1) the 'stemness' profile may be
determined by approximately 250 genes; (2) organ-specific stem-cell growth and differentiation are
stimulated during the reparative phase following transient injury; (3) two bone marrow stem-cell types
show a remarkable degree of differentiation potential; (4) some organs contain resident marrow-derived
stem cells, and their differentiation potential may only be expressed during repair; (5) the metanephric
mesenchyme contains pluripotent and self-renewing stem cells; (6) marrow-derived cells invade the kidney
and differentiate into mesangial and tubular epithelial cells, and these processes are increased following
renal injury; and (7) epithelial-to-mesenchymal transition generates renal fibroblasts (Oliver, 2004).
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Cell therapy is dependent on cell and tissue culture methodologies to expand specific cells to
replace important differentiated functions lost or deranged in various disease states. Cell-based therapeutics
is the question of cell sourcing, and advance of stem cell research is powerful on the resolving of this
problem. Stem cell is at present a great deal of speculation over the extent to which stem cell populations
traditionally considered distinct may in fact be interchangeable. Stem cells can be self-renewal to
differentiate into specialized cell types and they are classified as totipotent, pluripotent and multipotent.
Progenitor cells are more lineage-restricted than stem cells but retain the proliferative capacity lacking in
terminally differentiated cells (Lin et al., 1996).

Embryonic stem (ES) cells, pluripotent derivatives of the inner cell mass of the blastocyst, are the
most primitive cell type likely to find application in cell therapy. Their potential to generate any cell type of
the embryo makes them to be the most attractive stem cell therapy. However, the political and ethical
debates surrounding the use of human ES cells make the application of stem cells complicated. These
factors have combined to intensify the focus on. Neural stem cells (NSCs) are self-renewing, multipotent
cells that generate the neuronal and glial cells of the nervous system. In mammals, contrary to long-held
belief, neurogenesis occurs in the adult brain, and NSCs reside in the adult central nervous system (Taupin,
2006; Winkler, 2003).

It is possible to introduce stem cells into a damaged adult kidney to aid in repair and regeneration.
Transdifferentiation offers the possibility of avoiding complications from immunogenicity of introduced
cells by obtaining the more easily accessible stem cells of another tissue type from the patient undergoing
treatment, expanding them in vitro, and reintroducing them as a therapeutic agent. Adult stem cells may
possess a considerable degree of plasticity in the differentiation. However, the differentiation of stem cells
is normally unresolved. Pluripotent cells can be derived from fibroblasts by ectopic expression of defined
transcription factors. A fundamental unresolved question is whether terminally differentiated cells can be
reprogrammed to pluripotency (Hanna et al., 2008).

Developing nephrons are derived from renal stem cells and transplantation of fetal kidneys may be
thought of as a therapeutic stem cell application. There are two bioengineering programs with the aim of
producing a device providing full renal replacement therapy in the short to medium term. Both employ
biomaterial scaffold structures to overcome the as yet insurmountable difficulties inherent in marshalling
cells into organized three-dimensional structures capable of coordinated filtration, resorption/meta-
/catabolism/secretion, collection, and disposal of waste. Initial experiments involved adult rabbit renal
cortex harvested and fractionated into glomeruli, distal, and proximal tubules, expanded separately in vitro,
and seeded onto biodegradable polyglycolic acid sheets for subcutaneous implantation into syngenic hosts.
The potential impact of advances in stem cell technology on all the prospective cell-based therapeutic
approaches for the treatment of renal failure discussed above is enormous. The kidney has a dramatic
capacity to regenerate after injury. Whether stem cells are the source of the epithelial progenitors replacing
injured and dying tubular epithelium is an area of intense investigation. Many surviving renal epithelial
cells after injury become dedifferentiated and take on mesenchymal characteristics. These cells proliferate
to restore the integrity of the denuded basement membrane, and subsequently redifferentiate into a
functional epithelium. An alternative possibility is that a minority of surviving intratubular cells possess
stem cell properties and selectively proliferate after damage to neighboring cells. Some evidence exists to
support this hypothesis but it has not yet been rigorously evaluated (Vigneau et al., 2007).

In recent years, it has been shown that functional stem cells exist in the adult bone marrow, and
they can contribute to renal remodelling or reconstitution of injured renal glomeruli, especially mesangial
cells, and hMSC found in renal glomeruli differentiated into mesangial cells in vivo after glomerular injury
occurred (Wong et al., 2008).

2. Isolation of Kidney Stem Cells

It is difficult to find a definitive marker for kidney stem cells that makes it difficult to isolate and
define kidney stem cells. However, kidney stem cells have been isolated from other organs using 4
different ways. For the first method, when the DNA of the cells is labeled with a marker such as
bromodeoxyuridine, the cells retain the label for a long period of time. This label retention is used to
identify and isolate stem cells. The second method references the side-population (SP) cells that extrude
Hoechst dye through the activity of multidrug resistance proteins, which are part of the ATP-binding
cassette transporter superfamily. The third method isolates kidney stem cells referencing specific cell
surface markers that have been used to identify stem cells in other organs or the metanephric kidney. The
markers used to isolate kidney stem cells include Oct-4, Nanog, CD24, CD133 and stem cell antigen-1
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(Sca-1). The fourth method uses culture conditions that select stem cells in other organ systems
(http://content.karger.com/produktedb/produkte.asp?typ=fulltext&file=000117311#SA4).

As Zheng et al described in 2008, any unique characteristic can be used to isolate a pure
population of stem cell is still lacking. There is few specific biomarker found for epidermal stem cells
alone, but epidermal stem cells and transient-amplifying cells share some biomarkers (Bickenbach, 2003)
(Zheng, et al, 2008).

3. Culture of Renal Stem Cell
Shimony et al characterized a new model of renal, stromal and mesenchymal stem cell (MSC)
matrix deprivation, based on slow rotation cell culture conditions (ROCK). This model induces anoikis
using a low shear stress, laminar flow. The mechanism of cell death was determined via FACS
(fluorescence-activated cell sorting) analysis for annexin V and propidium iodide uptake and via DNA
laddering. Their results showed while only renal epithelial cells progressively died in STCK, the ROCK
model could induce apoptosis in stromal and transformed cells; cell survival decreased in ROCK versus
STCK to 40%, 52%, 62% and 7% in human fibroblast, rat MSC, renal cell carcinoma (RCC) and human
melanoma cell lines, respectively. Furthermore, while ROCK induced primarily apoptosis in renal
epithelial cells, necrosis was more prevalent in transformed and cancer cells [necrosis/apoptosis ratio of
72.7% in CaKi-1 RCC cells versus 4.3% in MDCK (Madin-Darby canine kidney) cells]. The ROCK-
mediated shift to necrosis in RCC cells was further accentuated 3.4-fold by H(2)O(2)-mediated oxidative
stress while in adherent HK-2 renal epithelial cells, oxidative stress enhanced apoptosis. ROCK conditions
could also unveil a similar pattern in the LZ100 rat MSC line where in ROCK 44% less apoptosis was
observed versus STCK and 45% less apoptosis versus monolayer conditions. Apoptosis in response to
oxidative stress was also attenuated in the rat MSC line in ROCK, thereby highlighting rat MSC
transformation. They concluded that the ROCK matrix-deficiency cell culture model may provide a
valuable insight into the mechanism of renal and MSC cell death in response to matrix deprivation
(Shimony et al., 2008)
Celprogen Company has human kidney stem cell derived from human adult and fetal kidney
consented tissue. The following is the information and technique of the kidney stem cells:
(1) Positive markers: CD34, Nestin & CD133
(2) Morphology and proliferation: Mixed population of cells with approximately 70% attached
cells and the other 30% in suspension; need to change cell culture media every day after 48 hours of initial
cell culture or when the media starts changing color to slight yellow for pink. Fast growing cell culture.
Change media with Celprogen’s Human Kidney Stem Cell Complete Growth Media with the appropriate
Human Stem Cell Extracellular matrix and tissue culture media for differentiation, expansion or
maintaining stem cells in their un-differentiated stage. Temperature 370C in 5% CO2 humidified incubator.
(3) Subculturing:
A. Thaw the vial with gentle agitation in a 370C water bath or a dry 370C shaking incubator. For
water bath thawing
keep the O-ring out of the water, thawing time 2-3 minutes.
Remove the thawed vial and wipe with 70% ethanol. Then transfer to the tissue culture hood.
Transfer the vial contents to a 15 ml sterile centrifuge tube, and gently add 7ml of pre-warmed
Human Kidney Stem Cell Complete Media to the centrifuge tube. Use an additional 0.5 ml of
Human Kidney Stem Cell complete media to rinse the vial and transfer the liquid to the centrifuge
tube repeat this once more to ensure you have all the cells transferred to the 15 ml centrifuge tube.
Add 1 ml of Human Kidney Stem Complete Media to bring the final volume to 10 ml in the 15 ml
centrifuge tube.
E. Centrifuge the cells at 100 g for 5 minutes. Remove the supernatant and resuspend the cell pellet
in 500 ul of Human Kidney Stem Cell Complete Growth Media.
F. Add the 500 ul of cells to T75 flask pre-coated with Human Kidney Stem Cell Extracellular
matrix with 15 ml of Human Stem Cell Complete Growth Medium.
G. Incubate the cells in the T75 flask in a 370C in 5% CO2 humidified incubator. Perform 100%
Media Change every 24 to 48 hours.
H. Medium renewal every day, and recommended sub-culturing ratio: 1:3.
(4) Freezing Medium: Human Stem Cell Complete growth Medium supplemented with 90%
Fetal Bovine Serum with 10% DMSO.

Cow
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(5) Storage temperature: liquid nitrogen vapor phase (San Pedro, CA 90731, USA,
http://www.celprogen.com; http://ftp.celprogen.com/Technical Resources/36100-
27%20Human%20Kidney%20Stem%20cell%20data%20sheet.pdf.

In mice with cisplatin-induced acute kidney injury, administration of bone marrow-derived
mesenchymal stem cells (MSC) restores renal tubular structure and improves renal function (Imberti et al.,
2007).

4. Application of Kidney Stem Cells

Stem cell has powerful potential application purpose in science, medicine and industry, but it is
also potentially danger for its enexpected plasticity. The evidence for bone marrow-derived stem cell
contributions to renal repair has been challenged. The research and application for adult renal stem cells are
also debated. The use of embryonic tissue in research continues to provide valuable insights but will be the
subject of intense societal scrutiny and debate before it reaches the stage of clinical application. Embryonic
stem cells, with their ability to generate all of kind of cell in living body, are great chance for our human
civilization but have ethical and political hurdles for human use (Brodie and Humes, 2005). Stem cell
research has attracted great attention because it could be used for the regeneration of damaged organs that
are untreatable by conventional medical techniques, and stem cells (such as endothelial stem cells and
neural stem cells) have been discovered to be practical useful in clinical applications. The potential for stem
cell gene therapy has increased and many therapeutic applications have already been done. Chronic renal
failure is a candidate for stem cell gene therapy. In the application of renal stem cell in medical treatment,
mesenchymal stem cells could be transplanted, and in contrast, hematopoietic stem cells may be used for
gene delivery for diseases, which need foreign cytokines and growth factors, such as glomerulonephritis.
The stem cell gene therapy for chronic renal failure and the potential of the novel strategy and the major
practical challenges of its clinical application are big targets for the stem cell researches (Yokoo et al.,
2003). Ectopic expression of the human telomerase reverse transcriptase gene in human mesenchymal stem
cells can reconstitute their telomerase activity and extend their replicative life-spans (Li, et al, 2007).

Discussion

Kidney is derived from the ureteric bud and metanephrogenic mesenchyme, and these two
progenitor cells differentiate into more than 26 different cell types in adult kidney. The ureteric bud
contains the precursor of the epithelial cells of the collecting duct and the renal mesenchyme contains
precursors of all the epithelia of the rest of the nephron, endothelial cell precursors and stroma cells, but the
relatedness among these cells is unclear. A single metanephric mesenchymal cell can generate all the
epithelial cells of the nephron, indicating that the kidney contains epithelial stem cells. These stem cells
also are present in the adult kidney. Embryonic renal epithelial stem cells can generate other cell types (Al-
Awqati and Oliver, 2002). The key important target in kidney stem cell research and application is to get
kidney stem cells from other types of the cells, and it is also important to find the better way to change
kidney stem cells to other cell types.

As the nature will, to live eternally is an extracting dream in all the human history. Stem cell is the
original of life and all cells come from stem cells. Germline stem cell (GSC) is the cell in the earliest of the
cell stage. It is possible to inject the GSC into adult human body to get the eternal life. This article is to try
to describe the stem cell and to explore the possibility of the eternal life with the stem cell strategy The
production of functional male gametes is dependent on the continuous activity of germline stem cells. The
availability of a transplantation assay system to unequivocally identify male germline stem cells has
allowed their in vitro culture, cryopreservation, and genetic modification. Moreover, the system has enabled
the identification of conditions and factors involved in stem cell self-renewal, the foundation of
spermatogenesis, and the production of spermatozoa. The increased knowledge about these cells is also of
great potential practical value, for example, for the possible cryopreservation of stem cells from boys
undergoing treatment for cancer to safeguard their germline (Ma, et al, 2007).
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Abstract

In this paper a quantitative discussion on a theory describing the relationship between the continuity and

momentum equation in two dimensional flow together with the momentum equation in vectorial
form:pd% =-Vp+ pg + £V ?*q, on expanding V*(V.q) in cylindrical polar coordinates, the end result

proved to be Euler equation. [Academia Arena, 2009;1(1):62-72]. ISSN 1553-992X.
Keyword: Continuity equation, Momentum equation, Cylindrical coordinates, polar coordinate.

Classification: Fluid Mechanics

1.0 Introduction:

A more detailed view of the fluxes across the parcel can be obtained within a reasonable space of text of we
restrict our attention to two dimensions. We can then write the equations for the component and look closely at the
change in these components.

We consider planar view of a parcel unit depth. Assume p is constant across the parcel, so we can write
for the mass of the parcel, Sy = pov = pAXAY L . In the two-dimensional flow, each component of velocity can
vary in both X and Yy directions. We can approximate those velocity changes across our incremental parcel by a
Taylor expansion. In this case we will consider the base values of qualities such as pressure and velocity to be the
value of the center of the parcel and expand around these values. Note that value of the corner, x = Yy = z=0,
could also be assured as base values. Since the parcel is infinitesimal with respect to mean flow scales. The
magnitudes of these values are uniform across the parcel in the limitov — 0. We are writing the incremental

change at the point, we need not be zero. Again we look at the total change in the density and the scope of the parcel

as it instantaneously occupies the point (x, Y ). We can derive the continuity equation in a slightly different manner,
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by considering a specific infinitesimal parcel in a Largrangian sense. The derivation will illustrate the close
connection between Largrangian and Eulerian perspectives and we will send up with the familiar Eulerian
expression. Starting with the Langrangian perspectives we consider a very small parcel such thatov — 0, with no
sinks or sources. We then follow the particular parcel that experiences volume and density changes with respects to
five only field varcash will vary infinitesimal across the small dimensions of the parcel. Then the statement for the

constant mass of fluids parcel, then the statement, for the constant mass of this parcel pJV is completely expressed

in the five derivatives, D(( 0oV )/0t)= 0. However, when the parcel moves through the fluid, to volume must
distorts and changes due to the changing forces in the thus field. The derivative which separated into density and
volume changes by using the chain rule for differentiation. In the end, the derivative can be converted to the
Eulerian expression.
2.0 Mathematical Analysis

The differences between the various derivatives can be explained in a more formal manner as follows:

Let consider a fluid particle moving with a load velocity;

g=lv+jv+kw 1

and let the change of the property b =b(X, Yy ,z,t) of the particle be investigated. The change in b with

time and position may be expressed as

db= (a—bJét + (a—bjax + [a—bjay + (ibjaz 2
ot OX oy oz

The rate of change of s in time b At equation become

v—b:a—b+U§+Va—b+Wa—b} 3
vVt ot OX oy 0z
Vb b
_=—4
ot

z-ob 4

With (3) we can direct operation of Ob in new coordinates.
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Which the law of conservation of mass has already been presented in a form applicable to a control volume

may be rewritten as:

@ = .[ %av +J'aq -nds

6
Application of the divergence
(2) theorem to the surface integral
Ipq-nds=jA-(pq)dv- 7
Apply 6 into
op
—=A dv=0 8
j{ at (pq)}
op
Hence, —+ A =0 9
ence p (pq)

The equation (9.0) is known as the equation f continuity. It is the differential form of the law of
conservation of mass written in form of the flow field.
Equation (9.0) is now rewritten in detail in the three most continuity used coordinate systems.

In Cartesian coordinates

o, a(pu)  a(pw) , a(pw) _
ot ox oy oz

10

In cylindrical coordinates

p , d a(rpar)  10(pad) , (paz) _
ot r or r o6 0z

11

In spherical coordinates
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: |
o, 1a(r'pg) 1 o(padsing) 1 a(pad) _,

12
ot r® or rsind 00 sind 00

In some particular cases equation of continuity assumes simpler form given in Cartesian coordinates.

A-(pq) =0
or : 13
A-q=0

Now, for momentum, Newton’s second law of motion states that the rate of change of momentum of a

thermodynamics system equals the sum total of the forces acting on the system.
D
— | padv = [ gpdv + [Tds 14
Dr \ Vv S

When g is a general body force per unit mass,

and T is the system boundary for x-component Equation 14 becomes
D
—I pxdv = j gxpadv + anxds 15
Dt \ \ S

The Reynolds transport theorem may now be applied to the left-hand side of this equation

udu  vou Wau}
+ dv 16

D du

—j pudv:jp{—+ +

Dt L Lot ou oy oz
The stress term Tu inside the surface integral is now written in terms of its components to yield

JTnndS = I[Txxi + Ty +szk]- nds = I{%+%+a@—ﬁ}dv 17

v
where the divergence theorem has been used again

By subtraction of equation 16 and 17 into equation 15 yields

ou udu Vvou wou oT, 0T, 0T,
I pl—+ + + -0, |- + + =0 18
ot au ot ot ou oy 0z

v

Becomes
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aJuaJvaJaﬁthaT+5TaT
ataxayatg*axayaz 19

Similarly for the y- and Z- Components

o w v aul, d, N, d,
aayal*"x Ty a 20
au LUV vou | wdu or, oI, T,

=P, + + + 21
Aa ay ot X oy o

e . Vg term vanishes for incompressible flows. Hence the thermodynamic presume may be define for an
incompressible fluid as the average normal stress:

T, +Tyy +T,

p: 3 22

It is customary to separate out the pressure terms from the total stress

Tij+-pdj+1] 23
And 7; =0pZij equation 23 is written in tensor form as
T=p+ 7 24

p 0 O
[0 p O

0 0 p

Equation 23 is used to modify the momentum equation by subtraction 8 from 20.

0 or,,
M gM M M _8_p+pgy+ Do 2 +8TZX 25
ot OX oy ot OX OX oy 0z
0 0
pa—u+U@+V@+W@ ——a_p+pgy+ Doy TVXJF(%ZX 26
ot OX oy ot OX OX oy 0z
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0 or, 0
p@+U@+V%+W@ =—@+pgy+ Ta  Z e Ola 27
ot OX oy ot oy OX oy 0z
This may be put in symbolic compact form.
Aq
—=-V +V.r 28
P AL 09

The expression for the stress and the rate of strain component in several coordinate system are now written down.

In Cartesian coordinates of g=iu + jv + kw

1(ou ov 1({ov ow 1(8u 6Wj
Ey =S|l AT o ey =5l T 2 1w =5l o T a0 )
Yo2ley ox) Y 2lez oy ) Y 2\oz  ox

ou ov oV ow ou ow
}‘“xy:/u_-i__’}\’xy::u__'__’}\’xy:,u —t—
oy oX oz oy 0z 0OX

Ay =0l —, Ay, =0U—, A, =0U—, 29
OX

In cylindrical coordinates 0 =€,(, + €40, +€,0,

1 oqr o (q”’ B ogr 0 qV
g KB S -

_E[%J} _— %ﬁ}

‘075189 or o o
ol 1) s 1)
2 0% r o8 oz r o9
oqr g9 qr 0qz
= = -t z = A
fr T o (% 09 rj ™
oqr oqs  qr 0qz
=2u—, =2 22T, =2u— 30
fr =M T ”(% 09 rj iy

In spherical coordinates g =€,q, + €,0, + €,d,
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{5 )
ERp = ; _ Rsing aque (@RH RO = ”{ RSTnH G/R[(?RH
o= %{ RS?na o+ Sig : %9(3?;00}} " ’{ﬁaq%w 3 %Rﬁslnﬁﬂ

ERR=%, Ton =24 8qR
oR R’

E@@:G@q—mﬂ} 0p=2 [16qR+qu

RJR R ROR R

Egp(,,:(;aq_m@m}

: oqe +ﬁq6€ot0 a1
RSing dp R R

TP =24 ——
( RSing dp R R

Equation 29-31 may be used to eliminate the stress components from the differential momentum equation 25-27

Becomes

LA @+y 82v+62v+82v
p ng 6)(2 ayZ 822

oV o (v v v
:ng + 2 + 2 + 2
ow \o¢ of @

oz
oW oW ow  ow op o’'w  o*w  o*w
Pl tU—+V—+W—|=p,, —+ U >t >t 32
ot OX oy 0z ow OX oy 0z

Equ. 32 constitute a system of three nonlinear second order partial differential equation. The proper boundary
conditions for the velocity on a rigid boundary are: q, =0, =0
Where ¢, is the minimal component of the velocity relative to the solid boundaries and g; is its tangential component.

These conditions are also termed the non-peneuration (g, = 0) and no-slip (g, = 0) viscous boundary conditions.

Equation 3.2 becomes

pg—?=—vp+p9 — 1VX(Vxq)=-Vp + pg — uV?q 33
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If V7Zisthe Laplacian operator applied to the velocity vector in Cartesian coordinates. By expanding V x (V X q)

in cylindrical polar coordinates and using (13) we obtain

oqr oqr oqr ogqr  q°é
[{q ar L g0 L g q_q]

_I_
ot Rl or rof ¢ oz r
op o(10 10%q, p aq@
. rq, )| +— - 34
Po =5 {ar( arj(q )} (2 022 r? o0

+0;

oq0  6q0 890 9o qrqé
p(q 99 , 49299 | qzq_qu
ot or ro6 oz T

op o(10 1 0°6y, o°y, 2 &q6
= ——— 4y —| ——(rqb) |+ — ~+ = — 35
Po " o0 ﬂ{ar (r ar( a )j

r’ oz’ oz r? o6
p(aqz Lar o9z 440 o9z ‘q 8qz)

ot or rog ' oz
2
=Py~ 6p+ﬂ a( %j+iza qzz+aqzz 36
oy ror\ or 00 0z

By repeating the for spherical coordinate, we obtaqin,

2
=Py~ _12 @+,u Li(R 6q0j+ 21_ 0 5 [Slnea(wj
RSin“6 ¢ R oR R R“Sing 06 00

I o°qe 2 oqr  2Cosé oqe
+'u a2 20:in2 + 2¢0; + 20:in2
RSin“@ R“Sin“d R°Sind dp R<°Sin“@ Op

37

By substituting £ =0 in the navier-stokes equating which is called momentum equation (3.2) - (3.7) we obtain an
equation

Dq
—Hp _V 38
Pop =P VP

This is called the Euler equation
3.0 Discussion

Solutions of the momentum equation result in velocity vectors  and pressure p which satisfy both the

momentum equation and the continuity equation. Given such a combination, [{ . p 1, we can check whether it
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constitutes a solution by substitution into the equations. How to find such a solution is another matter and any
general step leading toward this goal is useful. For two dimensional flows it is possible to eliminate the continuity
equation from the system of equations by using only functions which satisfy the continuity equation. This
elimination is a formal step toward a solution and functions which affect this elimination and the stream functions.
And if the flow is defined as two dimensional when its description in Cartesian coordinates shows no
z-component of the velocity and no dependence on the z-coordinate. Such a flow can be described in the z=0
plane, show a flow pattern identical to that inthe z =0 plane. The Z =0 plane is therefore called representative

plane.

m(r, &)

Figure 1.0

The figure 1.0 shows a representative plane for two-dimensional flow, with four streamlines denoted by the
letters A, B, C, D. the whole pattern may be shifted

In the z-direction parallel to itself. Thus the streamlines also represent stream sheets, i.e barriers which are
not crossed by the flow. The Mass flux entering at the left, between, say, streamlines A and B must therefore come
out at the right side without change. Because the distance between the two streamlines accommaodating this mass

flux seems in the drawing to increase, the mass flux seems per unit Cross section p..(, must decrease from left to
right. There is therefore some relation between the convergence and divergence of stream lines and the vector p.q .

Furthermore, because stream sheets are not crossed by the flow, each sheet represents a certain mass flux per unit
depth of stream sheet taking place below it i. flowing between it and some particular stream sheet representing zero

flux.
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This mass flux is called the stream function and it is denoted by @
09 =(0y)up)
= (= ax)(wp)

From which follows

OX -0
0= yp="0

oy OX
Using planne polar coordinate in the representative plane and letting.
MB=pA+de

de =(rda(g, )
dg=(dr)(-qgp)
From which follows

_10¢ — 0
W13 P= "o
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= 10%g/0.95% 10" = 1.05. 4R, X ELFI po/poy SZHFEERFI/A 1 SR Y285 B 2 B, TSR — A2 8 SR IR PR S 5 Ll
AEEZHARBETIHS Ry = Ry, My, ® My, Q = pi/p,y = 1, Q AR ERFHEZH TR A AN FH RKAZ A
AR RE A EHERFR TR ERRMNEH W LA R — NI B, ERE— MR, g — 1 EHE
T Q RERE XK.

Bl ik, BATTIAETT I I F 17 R B AT F 1T BRI~ My, T AR F 1 BI-- M.

WRBATFH BIAMp) 2 SNEH B 2 R R IO AN, 7€ n F2J5, My, B9 KB B F 5 2 M,. n =
(Ryy - Ryp)/C = (1.3x10%%-1.265x10%%)/3x10"° = 3.7x10%yrs. 4R, BRI, F074EHS Ay B AZILLEM 13.7x10° 4F, T H& A, +n
=14.07 x10°4E.

E. TRAT5 8 S0 AR S (2R =2.53%10%cm) < (2 Ryy = 2CxA= 2.6x10%cm). 33X 7 BH 55 1 B3I 40 L PR R o) T I 3k 2 A
KARIERIILAE V3 )L T45 T 2C.

V. BATFEH HIEZIK(AEOU) & i T W K52 5 PR 70 5 A ORI e B AR
MR IR T A, BEAR FRATTINAE PR 52 7 A2 T2 07 R My, AN AE M T2 07 R My, BRI, FRATT 240 BRI 2K AEOU gt
R TRATF T R My, I 2K AEOUBH.
AT IR (AEOU) St WL Ta BUEH 2 ME RO BT & BLH. AEOU & & A4 KIEEKERI 21 5%10°
SR MTEAA2 9%10° 4F. 1 AEOU H-4 15 /431 B3I (UBHs) Al 8 K AR AT TIE.
AT 9x10° LR, BRATK/DFH BIA My 55— N KFH BIF My, REMBERBEAILA, S REMFLFHR?
BE My A2/ 207 SRR A S TR, Ry A2 2L BLZZ 1A SR 2142, Ny £ 41K My, i) MGBHSs (M, = 107g, Ry, =1.5% 10 em,
Ty = 0.65x10°?K) 4.
T Mypp A2 K28 B IR T, Ry A LM BL2Z 1A R A7
X Myp; Al My, REFEJS I 20 AT T
A #—E[-/J\ Mubl '_jj( Mub2 '(+é<J 9X109 ﬂlﬁﬁﬁiﬁf?ﬁa }J\{/—\\ﬁ(ﬂ uJA%H, Mub1+ Mub2: (Rubl + Rub2) C2/2G> ﬁ?}[%ﬁﬁ, MubZ lj]
TAFAR My 278 8 K ILTE PLREAS RTE AR B (Rupy + Rupr). T, Mu FEAE I 5] Y752 — DML I TE V o, Vi =
Ryp1/At. AR UMy FIAR SRR AR 7850 B FUR yoo, Mg BNV A — A S0 B8 35K (4 I K AR TSV or. XM 0 SH
RE R T T A I, R SO — MK Vigpos. BIE, My FIRESE ) BRI BEV upa 2t Vubz = (Vb2 *Vab22 + Vabzs)-
B. [P RBE BATELA M 1, — BRI M) 7640 9x10° CERT5 My, HIREE, T AE MMy, W RE YR, WAR(T)
FIAL, My A2 A My 2 H R A IAT (K52 57 23, T2, My, = Mypit AMupiat AMupis= (Rupi+ ARz + A Rypiz) C¥/2G =
R, C/2G. U1 My, AEREFR AT A 7E K 2 Rypr, Moy BRI — ARG B BK K AR SE Vi AEBF T OL R, My 2
8 AM iy TR BE T AMyp 10, XK FEL Rypy MK AR o1 RIS BIBZIEIE BV 010 = AR p1o/At. 28T, B F Moy, H S IZAEE
B Vuz = ( Vabat Vb2 +Vap2s), Mupz BB Myp FEE— NI RIBEBEAR b3, 111550 My, W 2 W REEY) R
AM 5. K, My 275 3 —AN B0 5 28 TR K S Vi 13= A Ryia/At. 455, My BRI A R IK B Vapt 722 Van= Vet
Vb2t Vupa.
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258 T/ NFH 2 My 5 59— AR HT 2T My ARG, T Must A\ Myp, TEWEER Y BT 90 {CAEZ A LT I,
ANTERT BRI My DHIEZAK 1 3 B R R 2 Mo (R IZARIR RS Vi A My, 72 AR B ARG BE Vs, HIKJE R KT
TSI My ASWTHEA K B BE BRI 2 Vo, WA 9x10° ERT R AL RIRERE, TATELAR My AR S KM
KA R KB E SR A AR N — AU B TFIER Ry, = CxA,, XRBRMN 52H BN A EHMEKEE D)L FER
2C. PR, #IR AT I B, SR 4R T2 4 2RI My, 504528 SR My, Z LS Mypy/ My, = (13.7%10°- 9x107)/ 13.7x10° =
4.7x10°/13.7x10° = 34.3%, FHNHL, My, IR EE Ry & Rupt/Rup = 34.3%:; M 9x10° 4E T B IILAE My, SN HTE AMy,
S AMy/My, = 9%10%/(13.7x10%) = 65.7%, M ARy, &1 AR /Ry = 65.7%. W,

Mupi/ My = 34.3%, Rupi/Ruy, =34.3%
AMu/My, = 65.7%, ARw/Ru= 65.7% (10)

VI PR IRIF AN R i S A FR A A R e s i,

A JFRRT 3M RT3 48 P R IR 8 AR #2 R B S R 4

Mo ABERT 3M, ECE R R RER S SRRSO AR AT M RE R T M, B e R R, WA
). (PR K ZBORHE FA AN FEAE A B P 875 — AN 8, PR A SRR O A mT e AE e 77 i, TP AR 4
<53 10 FE BV, G SR S AN AT Rt T, A A SR e 24 5 A A 2[R I SRR S5 R IR ARAR A Ry, FRARILIRLE.

TR EIR A CATATRE S, PR R e I 2E S S i A L 1 e i SO AR AR e IR, D3 s Wi s A e/ |
J1 3, Bl MGBH, Cits My = 107g,R, 1.5% 10¥em, Ty = 0.65x10°2K, 25 W, [1]). — B 23R4 i MGBH SiA T4,

T EIE B SR ZA PR b AR P R 2, SR AT R I3 A3, 976 MGBHL P il b 7 (U ) K K
i T IE AR5 gy, L)
AR i 1 SRS 0 T Bl 0 25 ., SR M FO T MLy MGBH)

‘Cb: 10-27 Mb3 (S)[ll][l][Z] (11)
1, — A= 3M (B0 SR B M AN OE RE R RN e i 1y, = 2x 10 4,
d 1, 23% 1077 My2dM (s)!' 2 (11a)

TBEBEFATILA 527 J My, = 8.5%10%g, i FLAMNE CCRE R T ] (L WE I T4 R ST E St — 2 5, Bl d 1, = 1
SF, Fo 50 IR BT I R 20 dM = 3% 107x10%7/[3%(8.5x10%)%) = 10 *g/yr.

B. &Al15% BIA(UBH) MED TR

AT AE R — AT SR (UBH-- M) (K AR I R 55 F 3k oy S0 P A B 4 1 P T P S5 e R AN AR ] 1. A 241 LA
i) 30 3 << BRI R KR VE MBS — P B LR S>> dadig i, 13.7x10° 4237, AT 55 WEAE T K= (Nypr = Nupa
= 8.5x10%, see IV) J5llfif /NG| 172 MGBHs, (H: M, =107g, R, ~1.5x10%cm, T, ~ 0.65x10%K) 14 IF 577 4= 10 R,
7 Je AR I 2 B 1) . T

RANTFHED—NFH B (UBH- My,) RRESHERERTHANE R EVIAF SRV F T HE . A R IAE O
JGRE SRS, FATT 5 v PRI 5t L 18 RS < S i B 2 M b e A AR B s R B I K T RS, My £
Toe LA 1A Foe /N g 23 (B MGBH), 1T 7. B ZE S50 20 O A K PP AR 2. A SR IAS 1) M, =8.5x10%°g, 1 7 4, > 107
My =107 (8.5x10%°)* >10' 3 4%,

R EATF i RIRRAEEER. XRAEFEHBRIMIAE KEREYFATEFMR. 217 W IE 4R SR H 2T
A1 41 T fe ) A A W 56 T, 5 PRI A 2 A5 L NG, IS R T, WA e AR AR S R, DA e
Wi 1 e/ | B S (B MGBHLH: My, = 1075 g) i 7 5t 0 2 (1R KE Fh A Mg 2%

BRI R A R AR AR (R B AT T B A R AR Bk /5 o B S (B) MGBHLE: M, = 107°g) T ZE SR EU KR
JEF AR R I B R RS,

VIL ZERATF 8508 K REEY TR T & RN B 51 D RBGEBT= £ HEF 0. &R T 2 B3R X P ) RN/, B
YRR S PR R A4 T PR 00 BT HF I I R R, BT T REE AR FEE.

PEFATF T P DAL (2R BH G5 FAT 5217 BRI UBH #52 HoA AR A i IR Sk, IRAR dunut, i/ J 1A 0
()P H A R AR T . AR50 v, R B0 1 8 [R]A Jot B T 7 A 10 5 | 0 Rl B T 7 A (AR e 0, B 2 ik

FROGEAGISE, AR EE LR TR my, my = h/CA, X T mg = «T/C%). 51 I RHE J) BUEASTT 3 8 (3 A7 1%
oz~ r . DL (AR S A B 2 5 L A AR R AN R 45 1 R R il B LB 2P (45

BT v R P AT AT AR 1) [0 22 2 R R T P AR AR R BRI AR (K 45 2 T AT — SR 7 my (1951 SRS
P YL IA FIHE) ) VA p—BE B, G—51 I H AL «— R ZE 2R AL, R—FURE O mg IIEE B, M—AE R A2 008k Py
(oFSYr i

dP/dR = -GMp/R?* FFIZ (12)

P =nkT = pkT/ m, FII? (13)

BT B, A30(12) A (13) Al s T2 R AR R AAE S, SO0 E T ERBNEE LR L
ARG E DI LA R G A b i ke 7 AT AT S A 355 32 0 S T b B4 22 K il AL B g — A SRR 1,
AR RRIR A, AERRHEF AT ZEX B R B YRR 5 e, L2 rE A b 7 AR AR RS AT T FBe

http://www.sciencepub.org 76 editor@sciencepub.net



Academia Arena, 2009;1(1), ISSN 1553-992X, http://www.sciencepub.org, aarenaj@gmail.com

FIHE S DRI RE ) T 5 | 5 BTk B4 1) 45 SR(RT 2 2% Tolman-Oppenheimer-Volkoff 7). ZEBATF 0 N AT AR K
FAAAR AT AR 8 2 L P S 10 A s ) KO i HL 5 iy 45 38

BATFH B ALBR T 51 )12 4h 0 e i =R e J), R D), 59 4F F Ju FasmdE B D). e AT mT 70 AR R 1 BE B P Ke T
2 B R S R, I NI, AR AN RS X SE R SR A SRR T AR AR . AR, RE 5
RENERNFEME T PEAEFT ORI E PR e ER. L0 K& 1) &% 1 Re ) IR R 55 AT ] R 52 1 P44 1T
R A BR A Nk FAR . — B— AN BURE R SR 40 o 2R, TR B S, SRR St Re g rm i R BN, B B F 5
FIWRZE B % BB Tl s g A BB [ 7 O3dE— s R 48

] L ZEBRATT 52 A, IR 5 | B R RS Ak B LAXTBLS | iR 4E.

VIIL N — 2 o i e B — EE R S,

AR ATTH BV R RN T2 A e M o b, T 8 A A RS 09 5 3 IR 0 BT, AR, U s I SR T A I nT LA R 2
FEEAE XML

A, TRV, BATI G SRR AR A, =13.7x10° 48 IV IR I BEHE IRV 1 JLTHIEE] 2C, 8 V= 2C
(FEALA IPFIIME) B Ry, < (Cx Ay = Ry,). IX R TRAT T8 A K58 0o R B 1R I TR L b0 5| 4% 32 B 4 AN LA
IR TR, Ry, = CxAy > Ryy) BURILIETRAT T 1 FEIAEAE IR 00 2 4%, 1t 3902 AT 5 Y B 100 5 iy R ORISR 3L
BV — A Ry, > Ry, X0 B 5287 BT A FELEE5) (Ryp - Roy) IR SCREAS 2 H00 5 L7 IR P I 5 R TR T

B. ERMFHBRKEZLE T AHHAR BB, (V> 20) B2 AT GEA b M 2 18] (e 5 I 5722 0
%27 Hh 22 TRl BRI I . 1 0, Vi >> C 3R AEAE KR IS IO Bk ). IR K & B/ 51 0 SRR (B MGBH, A&
= 107g) A FEa e T 3N A 0 12 1) R e U0 S s Tl B ik 5 4 RN ) T LA 5 SEVR A e A1 7 e B 00 TR O R B A A
FIEIM AT HE P (V> 2C) F (Ryy < Ry I UL, [B2% (6b), V,, <2C].

C. B TR, = CxA, = 1.3x10%em, IXIHHK HA, =13.7x10° 4E. 48111, Ry = 1.265x10% em HIK F W41 5 $H, = (0.730.05)
x100kmsMpc™. Ry, F1 Ryp MIBEAH 2 S W2 /N A AT ICTE R STV o1 PRI FE B 2 25T 2CIE 2R/ T
2C. WV, = 2C, XL FRATTH BEIFM,, F AT 782 1 8 R ] (LA A Vo) BN T 2C, 1% R W FRAT1 52 7 22T
M, S REE YT L4, UG AT g i@k @b, [ A 2 (6b) F (60)].

D. MUEATE LG T BEIFAM,p) 7 5 My, RERE S, E 90 AZAE] T 75 W RS R BT 1 2 (R AM,, AE 8T BRI G &
SEAEEAS I R AE A (10), AMy, / My, = 65.7%, F1 My,/ My, =34.3%. T84 T8 HAM,, BRI E TR ENAE
FEHPESI M EERENE? LT I n WA RS 5 1R R R ok A IRAT R 46 2 1 M, ? W R R AR &
G TR BIMp; = 26% My, = T'uv + T2uv (B 1), Fl AMy, = 74%My, = T uv, K 042

E. REM,p, IEE 2 D REEY R, E R B LT RE R — HERKIEFI My, = My + My, T H Ryp = Rupy + Rupz =
My + Mup)2G/C? I, BUEE] TV, = 0 M52 MK I 5 54 R SHE S50 5 I T ah s, 35 I 4e il 107%g 1
MGBHI} 37 B 7 S 5 F4 P R K i 25

IX. BRATE H AR

A. (a) TSR 90 fZ AT BRATR LG T /N BRI My R 8 KBTI, B R AR, U0 RM 1 SMD BT BEBYI BT, My
e —H R NI T B, © R BEE KR YE T i Bk 7 AR (0 RO R I M. 75 78 /0 IRk G, 3% A 30 (10), 2 21
Mupt/ Mup = 34.3%, Rupi/Rus = 34.3%, Rupt BLETE 90 ALAFERTIE IR 1 = 2GM 1 /C2 I Vi = Vo= 0 T2 IERZIK. (b).
PEJE My S0 FEBZAK, S5 T0 T 45 40 1t A ) 7 4 S T A L 08 AR e 46, 9k /s L 3 2, T 1 0 Je My IR A 107°g (1
MGBHIT 37 BV $5 50 2 (R R A R AR AR 2 FRAT T IR 6 52 o /N BB TR ML, 7E B33k 5 T 38 B U 10 2R A 2 T R 00 o e
JiK. BRIk, RN R AT 2 AR AR

B. BEARILLE 07 BIAMp (IR = Cx A 1T HART I 1) T EV o) 76 F T FR AN L TFIE 2V = 2C, UL RS TE
KHIRIA, B TR ALZEA R R I A B (Vapr> 2€) B (Vupr < 2C) HIEAL. F 87 BRI KU HGEEV o> 2CTEEL
HILME IR, (). Vpr>>> 2C KRR KA IEZ M B IR o 1 kB 1), BRI K 1) SR /S BRI MG B HLT) 45 536
BAFHNEF R, (b). V> 2CE HIUAE 90 {CH1T, IS BA 545 T2 55 /> BRI Mgy HIGE IZRKE B S IE BV 1=
Vo= 0 M55 18 T2 UMy 5 Mo BESE S, IR IS BUIAE, W LR I R MK B V 0 =2C 80 2 B RIEE 5 7= 2 (1 23 [
FEREAT — BRG] Y 25K HHV oy = 0 38 BV 0 >2C, KA RlERE S5 — 7 THI My PRI K MLy B2 (RIREIK, 575 — 7 THT, My UM
My, TR EBEEYL. (%5 V). Bkl 1, RF BIRMREERE I, 748 7T Ref IR 42 2% ([ lg A v e £ 2RI
AR EMES] (Vi > 20)0

(©). BESR Vo >2C CAWN KR AT T HER AL, A THEIREF Ry, = CxA,, T JELA T 2 Mypy I[Vin< 2C B Vi
—OtH LIRS R AELE K IE 2] 90 ALHERTS My RERERT I IX BEAR I I o F7E IR B S 4 5 o /> B3I M,y TG RE
W TCRT AR, B RS R KR IS BT A2 ) V1 >>>2C I IK A B3 B V 01<2C T — B RIE B R RERTIA R V=
Vipr1= 0 IS8R R My = 34.3% My, [ILATX (10)], Rypr H5 MEEEKIG 1 Ry <<<34.3% Ry K98 BAAK 21 P 28 ] Al ikt
I 90 ALAFRT, BUFIE B Rypy = 34.3% Ry MEIEIK o (d). ZHIRATRIE T4 /N BIF Myy, 75 90 /L5EFT 55 My, Ml )5 5
SN IR Vi >2C A H AR i B o) N TR, (e). 24 Vo >2C I EAKIE B BR 5, 8t & 5 Ve >2C G
AT P I I, LN V1 >2C 16 I T I 7 B — I (R TTE B Vo= 2C (BLWAE 70 {24F00). (D ABEUS, &
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TF 5 A My, (Myp A2 My 5 My AERESE 5 362 TR 8t 2 i T AR 88 KM RE Y M L V= 2C MK E 1
RR VIR 48R X R B AT REH I Ve >2C 3 V= 2C LR R R ABZ TS W], MEFL 25 (R AT RE Vg 3K
TEIR I T Ry = Cx Ay B B SEBRIF L.

M T 34T R0 40, 1 2 T RATRGA T2 H B My, T 90 {ZEERT7ERERE BT A K BB I K, TZEREE G —BAER
JInSE 2 A B TR, BE A V0= 0 DIFR B V1 >2C BIARER. X R E FAE 1998 MM E] T RA T HAEREE S (I Bz K.

git: FEMA@QBINHITREEMERITEHNBEERN.

C. BEELUBANFESEFH BFAM,, AL HAE MRS TR FE M My,= 100% M,,, TEFHEERA, HAEK
S5HETHBRARERNE U EFRI R ERY R L EA T RN R EFEE? (). BT A EEE I Ek S S 8RN
FHSA Ry RHAD T R AR, B Ry <<< Ryp.  (b). FEHT FRIA M EETK S5 BIILAE R 284K R 42 ik — 2% 50, AV
>>> 2CH|Vyp, << 2C HBNIAERI Vp= 0 X FIRy, = 2GM,/C? (52 2 WHK, A R IR IFIF SR = Cx Ay, (¢). HTF R, IEEL
THEFR ALMR,, = CxA,, XKHR,, KMy, MRBIBHZIKA TR LR, WIEZLEIR,, = R, = Cx A, Al
Vo= 0 FIEEIEN.  (d). AIRTERD, F287 EIRM b Ry BB REIK 0 A 5 4R AT, My 2 tH TR AN i R 54 4340
SFF T 2R T AL 248 R/ T e B e R AR M G BHLTT 76 580 24 PR R A HR o . 3R s U, XA B2 16 PR A3 2 M 58 K 5 B IR 0 1%
2 I G I, AN S B AR AT . XA R RAT T AR

D. P BRI 3 7 I AR AR R SR 1 B R M B AT TR e 72 7 /D RV MLy TR TR0 N, A T K BB (1) 32
EEY AT [R] P I S DRI Fr W A0 0 A2 08 22 (1) RE S 0 0 A JL RE IR B LF Vi = 2C. XA AT MFZEILAEIL FIR, = Ry, =
CxA, = 1.3x10%cm. {EX i AR 2t B 7 o2 SRk, 10 EL7E 2S48 1 R v B T e, o Tl I AN 52 B I 10, DS
KIBIEARER A 2Tk XM EARBRITEH MEHRERX

M A B3 D B BN T LA EH FETHEAERA B RRERENEE 4 EhRERL XS MR 90 124
B HR B PR B I B R P A S R PR o D P RS A .

S -
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PAESRE: [ A e W A SR PR AR FL 1 ) AT B IR ) EL LR, (H IR A
P TRAE: 25—, ISR I, BRI T IS LHE L ARBIICE, EeEm a1
RNV, A s B — A BB, XA BB TR 25—, R A Y
FERERS , WLy o4 S rU R, R Rl G B, T 7 MORAT AN REN, DAL, W DR it
RERER, MRS HS b, PR AR FATHE, BRI T A
BB T T &, Al P AR (g, b aXp A wxE, frPRea Rl
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IR Ve W PR SR SRR 2 B R 0, AT PR ER EDBE R AN AN AT RS 1

P —ANERER T, A AR R R R — A “ SRR . WA EEER, Em
ANRTAR, —AOUT I TR AR, SR R KL ) U B AR, R ANk Bk
Bebgyo MR TAREE HEAEE), WHZIN (8] A 73R — AN P, i H2s a) 7 s — A bl
K FIBANEE R . AE DR, R I R A RN, TR GZ T AR AT
figro G SR L SRR R RE A R S AR R PR A A L a5y, KA i 1 SR [ A5 i i et
(R 00 P O P o NS I o1 /- S R P e | P S S B Y L A B e R S B
EHGE AR Nk, R TR RS I AR N RO IRR,  EREAT B R.
HIEA 4518 A0 2 R B G2 H O R AR, DG BT T I FL R e T A A
B T U A B A AT ) LR I8

HIRPWU A, AR SR AR SR T 2 AT AR, AT E AN T REAT [ 2 A2
s, HAE T RMBIRAASNAE R AR A R AT RN, A Rl A BT
BU: MRS, R R IRREAE KA IZS) . flin, i ogs AR, i A
T T IIBLHLR AL HAUEIZ 3 5 A RE AN TR, SR PUE T AL e A, AR 5
PRRBIERR D “FREPIE " WERSNA NS, R dR RIS B AT AN s AL
R, WA “ROEPIE”, A MAPIPIRE, XN BB IPLEY TR
TP, ROaAE s PR ARGE S . WRIEIE] TSR MR E PUE, WA B AR,
RILPER T ROEPE, W2 T MO “ B FERE” idfe. KR e Er

79


mailto:ttr359@126.com

Academia Arena, 2009;1(1), ISSN 1553-992X, http://www.sciencepub.net, aarenaj@gmail.com

BRI ERI T WA, ik h ot N “dbs)” RES, A TR 5 B leAH 1
i, LT B AT HUEPR AT L B el S R T W O RS E AR . LRI AT, B
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Abstract: It is natural to associate the argument that an electron has angular momentum and magnetic
moment with an intuitive electron modal in that the charge is revolving, but such an electron modal has
two difficulties: Firstly, considering the dimension of the electron, and the requirement that the linear ve-
locity of the electron border cannot large than light velocity, Lorentz has concluded that the electron an-
gular momentum has a superior limit, but which is clearly less than the measurement value. Secondly, if
the charge is revolving, an electron is bound to emit electromagnetic wave and thus would collapse be-
cause of losing energy, but the state of the electron is prolonged constant actually. It is well known that
Bohr found the same contradiction in the Rutherford atom model, and for this reason he asserted that
“there are special laws in micro world”. Due to the above two difficulties, any intuitive modal in micro
world are abandoned by quantum physicists. However, it is about to see that the very two difficulties are
eliminable in the framework of classical physics.

Firstly, it must be pointed out that Lorentz advanced his argument through an oversight. An electron is a
charged system, and thereby it certainly excites an electromagnetic field, which is the “intrinsic electro-
magnetic field” of the electron. This field possesses angular momentum and that is a component part of
the electron angular momentum. On the other hand, the intrinsic electromagnetic field of the electron dis-
tributes over the whole space. Considering this argument, the electron’s angular momentum has not the

superior limit as Lorentz given any longer.

Secondly, if there are no special laws in micro world, the internal motion of electron satisfies Maxwell
functions, but the question which special solution herein ought to be choosed must be answered by ex-
perimental facts. It is easy to prove that applying Maxwell functions to the internal motion of electron,
there exists a special solution indicating that the energy of the electron will not be washed away when its
charge sustained revolve. It is thus seen the original foundation of Bohr’s thesis that “there are special
laws in micro world” is wrong, and thereby the intuitive electron modal in that the charge is revolving is

imaginable.

For a still electron, such a special solution of Maxwell function expresses a standing wave field, of which
the wave function signified as a complex number consists of two factors, one merely contains the coordi-
nate of time; the other only contains that of space. It is concluded that the first factor of for an electron
moving in a straight line and constant velocity state becomes a singer-frequency plan wave, and the sec-
ond factor becomes a fixed wave shape following the electron.

In an electron beam, the intrinsic electromagnetic field of its electrons forms the intrinsic electromagnetic
field of the beam. If all electrons belong to the beam are in a same straight line and constant velocity state,
the intrinsic electromagnetic field of the beam has two factors, one is a singer-frequency plan wave, and
the other as a function of time and space rapid changes, but its mean value is a constant. So, the measure-
ment value of the intrinsic electromagnetic field of this beam is a singer-frequency plan wave, which is
exactly de Broglie wave. It is thus seen that both de Broglie wave and light wave are electromagnetic
waves radiated by electrons, merely a light wave is one departed from wave source while a de Broglie

wave is one in company with wave source.

According to Newton mechanics, the angular momentum of a given body is variable, namely, a body in
the Newton mechanics sense has not fixed angular momentum. On the other hand, it is well known that
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the angular momentum is a characteristic quantity of the electron. This fact means that the angular mo-
mentum of an electron is able to keep invariant under the external action. In other words, this fact indi-
cates that the electron has a certain self-regulation mechanism, by means of which it is always able to
keep its internal motion constant while the external condition is changing. For instant, when the electron
revolves round the atom nuclear, its self-regulation mechanism will harmonize its orbital motion with ro-
tation, so that requires its orbit satisfies a certain condition. An orbit satisfying such condition is called
“stable orbit”. If there is small external turbulence, an electron in stable orbit will continue move in the
orbit. Conversely, if the external turbulence is large enough, the electron will depart from stable orbit, en-
ter an unbalance state, and at this moment the self-regulation mechanism will make it reenter stable orbit
for the purpose of recovering balance state. If returning to the original orbit, this process has not macro
effect. Conversely, if enters a new orbit, it will undergo a process that is called “quantum transition”. That
is a typical example of so-called “quantum behavior”. Having magnetic moment, an electron will enter
precession in a magnetic field and its self-regulation mechanism will make its rotation axis form a certain
angle with the magnetic field. Such a behavior of the electron is called “space quantization”. For an elec-
tron beam, the self-regulation mechanism of each electron will harmonize the position distribution of
electrons with the momentum distribution. So-called Heisenberg relation is one of the expressions of such
a behavior of the electron beam.

So-called “uncertainty” has variable meanings. If “the uncertainty of the electron” means that it is impos-
sible to predict the behavior of a single electron, then the “uncertainty” only indicates that quantum me-

chanics is not complete instead of electron motion is not orbital motion,
Key words: electrons; spin; magnetic moment; Maxwell function; wave particle duality; quantum proper-

ties; uncertainty; orbit motion; quantum transition; quantum mechanics

Note:
Primary version of this article was originally published in New York Science Journal [2008;1(2):36-48].
(ISSN: 1554-0200).
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