
DOCUMENT RESUME

ED 047 097 VT 0)2 315

TITLE Career Ladders in Environmental Health.
INSTITUTION Erie Community Coll., Puffalo, N.Y.
SPONS AGENCY New York State Education Dept., Albany.
PUB DATE f70]
NOTE 153p.

EDRS PRICE
DESCRIPTORS

IDErITIFIERS

ABSTRACT

EDRS Price MF-$0.65 HC-$6.5P
Associate Degrees, Bachelors Degrees, Career Choice,
Career ?lanning, *Course Descriptions,
*Environmental Education, Health Occupations
Education, *Occupational Mobility, *Post Secondary
Education, *Program Administration
*Career Ladders

These career ladders, developed by state, federal,
county, and college personnel, have been designed to enable
postsecondary students to prepare for entrance into environmental
health occupations at a level commensurate with their abilities where
they will be capable of meaningful contributions and can obtain
advanced standing in employment. Program descriptions are provided
for: (1) environmental aide, a 12-month course for the pre-community
college, high school graduate which includes field work, basic
skills, laboratory skills, and academic development, (2) associate
degree program in chemical technology or environmental science, aild
(3) baccalaureate program in environmental sciences technology, which
is designed to enable tle community college graduate in environmental
science to continue to spe'_qalize. Course outlines, consisting of
main topics, number of lecture periods, objectives, and other
information, are provided for the environmental aide and associate
degree programs, while prerequisite and completion credits are listed
for the baccalaureate program. A bibliography is included. (SR)



r5se,

Cr
C:4

CAREER LADDERS IN

ENVIRONMENTAL HEALTH

_YEA 70 -2-386.
ERIE COMMUNITY COLLEGE

Buffalo, N.Y.
THIS PROJECT WAS SUPPORTED BY FUNDS

PROVIDED UNDER THE VOCATIONALEDUCATIONAL

ACT AMENDMENT OF 1968 (PL 90-576)

O



CrO

O

CAREER LADDERS IN ENVIRONMENTAL HEALTH

A PROJECT SUPPORTED BY FUNDS PROVIDED

UNDER THE

VOCATIONAL EDUCATION ACT AMENDMENTS OF 1968

(STXTION 322-A)

ADMINISTERED BY THE

NEW YORK STATE EDUCATION DEPARTMENT

VEA 70-2-386

AT

ERIE COMMUNITY COLLEGE
BUFFALO, NEW YOM 14221

V IL OtPARTAIITOP HE !DOC ATKA
I WILIAM.

OFFICE OF EDUCATION
THIS bOCLIVITAT HAS SEEN AlliP0O-Kti>
EAACTLT AS NECETVED FROM THE PERSON OA
OAOKIATION ORIGAATINSI 1. MINIS OF
vita 14 A CAS STATED DO NOT KM
OPAL/

0
AE

O
PAESI N/ OFFKLAL °MO OF EDU-

CATION POSITIO A OA POuCv

2



INTRODUCTION

This document reflects the efforts of the project staff
and others in developing "Career Ladders in Environmental
Health" for post-secondary students. Hopefully its application
will enable an individual to prepare himself for entrance to
society and the world of work at a level commensurate with his
abilities. At any stage of the ladder he will be capable of a
meaningful contribution to the fight on ecological decay and
obtain advanced standing in employment in both the public and
private sectors.

Special emphasis has been given to course descriptions
in Environmental Science contrasted to the more typical academic
offerings.

The appreciation of the staff goes to the Occupational
Education Section of the State Education Department for approving
the project and channeling the VEA funds to the College.
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BACKGROUND

One of the unique functions of a Community College is its
ability to adapt its offerings to the current and changing needs
of society. This flexibility is necessary so as to provide the
technical manpower during the fact rather than after. Erie
Community College has met this challenge in the past, especially
in the field of Allied Health. The record shows that in the
last ten years five new programs in the Allied Health field
have been initiated and continue to function. They include
Medical Laboratory, Nursing, Inhalation Therapy, Recreation
Supervision, and Occupational Therapy.

The nation and the world have become painfully aware of
the damage we have done to our environment as a whole and a
global crusade has been launched to reverse the deterioration
of our God-given heritage. To accomplish the reversal, two
essential elements are necessary; money and trained manpower.
Institutions, such as Erie Community College, must assume the
responsibility for training young men and women to carry out
the crusade in a scientific and professional manner. The basic
ingredient for a large share of this trailing is already available
in the Departments of Chemical Technology and Bio-Medical Science.
Add to these the necessary specialty offerings in Environmental
Science and we have the means to the desired end.

During the latter part of 1966 this program was initially
investigated but unfortunately was abandoned because of lack
of interest. In June of 1969 this author renewed the investigatio3
by contacting officials of the Consumer Protection and Environmental
Health Service of the U.S. Public Health Service. A series of
meetings which rapidly expanded in scope led to a realization
that the need for such a program was immediate. State, Federal,
County, and College officials agreed upon the series of courses
which would best suit the needs of the Niagara Frontier and
prepare the student for meaningful employment.

An independent group of individuals from various units
of the State University met at the State University of New York
Water Resources Center to consider such training on a state-
wide basis. The general consensus was that it would be undesirable
to proliferate such programs for a number of reasons. It was
felt that the shortage of competent teachers in the field would
impair the quality of offerings and the present number of job
openings would not accommodate a multitude of programs through-
out the state. The establishment of a program in a general
zone of the state to provide for local needs appeared to be
the best course of action. This would limit such curricula
to six of the community colleges.



Officials of the State University College at Buffalo have
reviewed the program and aro eagerly awaiting its first graduates
for admission to the Environmental Sciences Technology baccalaureate
program recently established. They have also expressed an interest
in reciprocal use of facilities and faculty.

The State University Urban Center in Buffalo, which is
administered by Erie Conamnity College was contacted in regard
to a training program for its students. The scientific and
industrial communities were surveyed as to the most appropriate
training program which would enable Urban Center students assume
reaningful positions in environmental health. Those students
who demonstrate an aptitude and ability for further academic
work will be encouraged to enroll at Erie Community College in
its Environmental Health program leading to the Associate degree.

By affording opportunities at various levels of ability,
the educational community cannot only provide the human resources
for the war on the dissipation of the earth, but also let each
become all he is capable of being in a dynamic field of employment.

2
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RELATED PROGRAMS

For an educational institution to involve itself in the
environmental health field it must either be ready to commit a
large sum of money in laboratories, equipment, and highly
trained faculty, or it must have them already available. The
Chemical Technology curriculum has held a prominent place on the
campus of Erie Community College for over 22 years and fortunately
can provide the necessary facilities, equipment, and highly
qualified faculty to accomplish a major share of the basic education
in environmental health. The Bic-Medical Department may be
utilized to provide the basic preparation in biology anu ecology.
The remaining specialty courses will require the procurement of
equipment and qualified faculty, then the program will be complete.

Similar programs are offered at Delhi, Broome, Hudson Valley,
and Morrisville in New York State. Unfortunately these programs
have achieved limited success in terms of the number or graduates
produced. Nationally there are a few junior colleges engaged
in this work. The fact is that presently no such program is in
operation, at any level, in Western New York which contains a
million aad a half people, is highly industrialized, borders on
Lake Erie, and is in serious ecological trouble.

The State University of New York College at Buffalo is also
in a unique position to initiate its program in Environmental
Science with not only similar facilities to those at Erie Community
College with regard to Chemistry and Biology, but in addition
the "Great Lakes Laboratory", which SUNY/CAB operates. The
baccalaureate program, which will begin in September 1970, already
has an effective research-field training facility of considerable
national esteem.

The program to be offered at the Urban Center will have to
be built from "scratch". With the aid of tha two senior institutions
this should be accomplished rapidly.

3
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OCCUPATIONAL OUTLOOK

Recognizing the gravity of the pollution situation and the
massive efforts required to reverse the process of decay, it is
not hard to grasp the great numbers of qualified technicians that
will be necessary to carry on _he fight. In a 1968 issue of
"Environmental Science and Technology" (2(8):587), the following
table appeared projecting the national need for technicians with
less than a baccalaureate degree.

Employers 1967 1972 Increase % Increase

State Agencies 317 980 663 209

Local Agencies 2,250 5,500 3,250 114

Industrial Agencies 1,700 5,000 4,300 247

Consulting Engineering 6,000 21,000 15,000 250

TOTAL 10,267 33,480 23,213 225

In Western New York by 1972, 65 additional municipal sewage
and water treat plant operators will be needed. With new water
quality standards going into effect, approximately 130 technician
positions in private industry will have to be filled according to
the New York State Department of Health.

In regards to atr pollution, most estimates call for a two
to three fold increase of our present work force at the technician
level by 1975. (Environmental Science and Technology, 1968
2(12: 1078). Within Western New York, there will be approximately
100 jobs created within the next five years in the field of air
quality monitoring and pollution abatement.

As the momentum of the war on pollution increases and necessary
statutes enacted, the employment picture will expand rapidly,

The types of occupations which graduates of the various levels
wauld pursue include:

Research and Development Technician

Sales and Service Technician

Sewage Treatment Plant Operator

Water Treatment Plant Operator

Regulatory 'technician

4
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Design and Construction Technician

Engineering Aide

Sanitarian Aide

Stream Sanitation Technician

Environmental Technician

Milk Inspector

Radiological Technician

Air Pollution Technician and Engineer

Food Inspector

Public Health Technician

Industrial Waste Technician

School Sanitation Inspector

Rodent Control Technician

Solid aste Technician

These jobs would be in the following agencies:

County and City Heilth Departments

State Health Department

State Department of Agriculture and Markets

Housing and Urban Renewal Agencies

Colleges and Universities

Dairy Processors

Food Processors

Restaurant Chains

Motel and Hotel Chains

Manufacturers

Municipal Sewage Departments

5



Municipal Water Departments

Public Health Laboratories

Engineering Firms

Industrial Concerns

The Environmental Science graduate would also be qualified
to fill many other positions not necessarily in the Environmental
field.

6 10
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ENVIRONMENTAL AIDE PROGRAM

This 1:togram is designed for the pre-community college high school
graduate whose background in science and m-thematics is weak, but has
an interest in environmental work. Primary emphasis will be geared
towards the youth of the inner-city. The program stresses application
of information rather than knowledge for knowledge sake. The structure
of such a program must lend itself to the total involvement of the
student sc as to garner a knowledge of the terminology, mathematical
skills and basic science which is required to operate effectively ai an
aide or to pursue a degree from the community college. The program
progresses from a semi-structured problem oriented session to the
traditional lab class instruction. The program also deviates from
traditional academic patterns to take advantage of Seasonal changes.

The Elwironmental Aide program involving 15 students would be
broken into three distinct stages; July through November - field work
and basic skills; December through March - laboratory skills and
academic development; April through June - academic development and
application. Each of these stages are furthered explained below.

Jul', through November
1

The group of 15 students' would receive one week of orientation
to the environmental health field. This orientation would take place
at the Urban Center and the Great Lakes Laboratory. They would receive
a comprehensive .picture of problems and the resources available for
their remedy. The students would be introduced to basic biology,
chemistry and physics laboratory and field Skills. Instruction is

=followed by practicus and discussion. Aa further reinforcement, students
will be assigned duties in one of the several on-going research projects
conducted by the lab. They will work directly with the researchers who
will, in the process of the investigation, instruct the student in the
beide mathematical reading and writing skills, physical and biological
skills which apply to the work. Students will also be given the oppor-
tunity to observe and participate in municipal and industrial programs.

DecesNer_thrrush )larch

'' During the winter session the students will spend more time in the
laboritory and the classrooli, In the latter th.y will begin to receive
formal training in machematics, physics, chemistry and biology. These

coursal.will be introductory in nature and will be integrated not only
with respect to each other's interwitUationships but also With the
experience and knowledge gained in stags one. The lab work, physics,
Chemistry and biology will utilise samples and problems encountered in
the field exoriesee.



April through June

With less harsh weather the students will spend more time in the

field. Again they will be participating in "real life" environmental

projects. There will be assigned tasks to perform in their entirety

under decreasing supervision. Reinforcement of techniques and application

of knowledge gained in formal training will be stressed. Trainees will

be given additional class instruction in mathematics, physics, chemistry

and biology .

They also will participate in a Seminar in which the relevance

of the class material will be discussed. Upon completion of the program

each student will be evaluated and counseled as to whether he should seek

employment at this point or move on to the community college. The program

would be administered by the community college in conjunction with the

Urban Center and State College through its Great Lakes Laboratory. . Each

of these agendies have participated in the development of the program.
Assistance in locating a rewarding position will be given to the graduates

of the program.
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ASSOCIATE DEGREE PROGRAM
CHEMICAL TECHNOLOGY

ENVIRONMENTAL SCIENCE OPTION

The Chemical Technology curriculum provides theoretical and
practical training for men and women who wish to prepare for
technical, production, and supervisory positions in the chemical
field. Graduates are well qualified to hold positions such as
research assistants, analysts, technical salesmen, technicians
in process development, and supervisors is the chemical operator's
field.

Men and women trained as chemical technicians have become
essential members of the scientific team in chemical research,
production and pilot -plant operation. These chemical technicians
Work as key assistants to research chemists and as engineering
aides to chemical engineers. The chemical technician's work involves
the application of knowledge of chemical processes and the techniques
of chemical analysis and control.'

In order to prepare the student for the technician field,
the Chemical Technology curriculum provides training in chemical,
physical and mathematical theories and principles. Laboratories
equipped with modern instruments and equipment allow the students
extensive and varied training in the practical techniques necessary
in chemical research, development, and production.

Applicants for the CheMical Technology curriculum should have
completed three years of mathematics, chemistry, and physics in
high school.

:Upon completion of his first year of study, the student may
opt to.continue in Chemical Technology or "track off" in Environmental
Science.

t-
: 4

The Environmental Science Program prepAres a student in
biology, sanitation, control, treatment and operation through a
series of highly specialized Courses. This course of study does
not necessarily restrict the student to Environmental occupations
for he is, upon graduation, a thoroughly trained scientific technician
capable of functioning in rany areas.
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a
m
i
c
s
,
 
h
e
a
t
 
t
r
a
n
s
f
e
r
.

E
l
e
c
t
r
u
s
t
e
t
i
c
e
O
h
n
'
s
 
L
a
w
,
 
s
i
m
p
l
e

e
l
e
c
t
r
i
c
 
c
i
r
c
u
i
t
s
,
 
m
a
g
n
e
t
i
s
m
,

i
n
d
u
c
t
i
o
n
,
 
a
l
t
e
r
n
a
t
i
n
g
 
c
u
r
r
e
n
t
,

l
i
g
h
t
,

g
e
o
i
s
t
r
i
c
a
l
 
o
p
t
i
c
i
,
 
o
p
t
i
c
a
l

s
y
s
t
e
m
s
,
 
p
h
y
s
i
c
a
l
 
o
p
t
i
c
s
,
 
r
e
l
a
t
i
v
i
t
y
,

q
u
a
n
t
a
 
a
t
o
m
i
c
 
t
h
e
o
r
y
,
 
s
o
l
i
d

s
t
a
t
e

th
io

ay
,a

in
is

ar
s
t
r
u
c
t
u
r
e
 
a
n
d
 
t
r
a
n
s
f
o
r
m
a
t
i
o
n
.

P
r
e
r
e
q
u
i
s
i
t
e
:

p
h
y
s
i
c
s
 
2
6
0
.

4
1
0

'::
ci

op
eo

st
no

r 
A

aD
nr

ri
on

ec
no

m
T
O
 
L
I
T
E
R
A
T
U
R
E

C
o
m
p
o
s
i
t
i
e
n
 
t
e
c
h
n
i
q
u
e
s
d
e
v
e
l
o
p
e
d
 
t
h
r
o
u
g
h
 
t
h
e
 
r
e
a
d
i
n
g
o
f
 
t
h
e
 
s
h
o
r
t
 
s
t
o
r
y
,

e
s
s
a
y
 
a
n
d
 
n
o
v
e
l
.

w
i
l
l
 
e
n
t
a
i
l
 
a
n
a
l
y
s
i
s
 
o
f
w
o
r
k
s
 
r
e
a
d
.

4
1
1
'
1
?
:
c
o
s
t
i
o
s
m
o
i
t
A
N
D

'n
rr

av
ou

cr
io

N
T
O
 
L
I
T
E
R
A
T
U
R
E

W
r
i
t
i
n
g
 
a
s
s
i
g
n
-

o
a
r
 
A
l
t
i
t
t
e
e
c
O
m
m
o
n
t
e
n
n

l
i
t
e
r
a
t
u
r
e
 
b
a
s
e
d
 
u
p
o
n
 
r
e
a
d
i
n
g
s

i
n
 
p
o
e
t
r
y
,
 
d
r
a
m
a
,
 
a
n
d
 
t
h
e
 
n
o
v
e
l
.

Z
m
p
h
a
s
i
s
 
o
n
 
t
h
e

te
ch

ni
qu

es
 o

f 
an

al
ys

is
 o

f 
th

e
w

or
ks

45
0 

E
M

IC
T

IV
11

 C
O

IO
SN

IC
A

T
IO

N
,3

0
,

S
t
u
d
y
 
A
f
t
i
v
r
i
t
i
n
s
 
o
f
 
e
f
f
e
c
t
i
v
e
b
u
s
i
n
e
s
s
 
c
o
m
m
u
n
i
c
a
t
i
o
n
 
w
i
t
h
e
m
p
h
a
s
i
s
 
o
n
 
l
e
t
t
e
r
s
 
o
f
 
a
p
p
l
i
c
a
t
i
o
n
,
'
i
n
q
u
i
r
y
,

a
n
d
 
p
u
r
c
h
a
s
e
.

D
e
v
e
l
o
p
m
e
n
t
 
o
f
 
r
e
a
d
i
n
g
 
a
n
d
 
c
o
m
p
o
s
i
t
i
o
n
a
l

s
k
i
l
l
s
.

D
e
v
e
l
o
p
m
e
n
t
 
o
f
 
s
p
e
a
k
i
n
g
 
s
k
i
l
l
s
 
a
n
d

-
m
e
t
h
o
d
s
 
o
f
 
o
r
a
l
 
d
e
l
i
v
e
r
y
 
w
i
t
h
e
m
p
h
a
s
i
s
 
o
n
 
p
e
r
s
u
a
s
i
o
n
,

i
n
f
o
r
m
a
t
i
v
e
 
p
r
e
s
e
n
t
a
t
i
o
n
s
,
 
s
m
a
l
l

g
r
o
u
p
 
d
i
s
c
u
s
s
i
o
n
s
,

;
a
n
d
 
e
f
f
e
c
t
i
v
e
 
l
i
s
t
e
n
i
n
g

'

B
a
c
k
g
r
o
u
n
d
 
d
a
t
a
 
o
n
 
t
y
p
e
s
 
a
n
d

s
t
y
l
e
s
 
o
f
 
r
e
p
o
r
t
s
.

C
l
a
r
i
t
y
,
 
c
o
n
c
i
s
e
n
e
s
s

t
h
e
 
r
e
p
o
r
t
.

U
s
e
 
o
f
 
d
e
f
i
n
i
t
i
o
n
s
,
 
d
e
s
c
r
i
p
t
i
o
n
s
,

c
l
a
s
s
i
f
i
c
a
t
i
o
n
s
 
a
n
d
 
i
n
t
e
r
p
r
e
t
a
t
i
o
n

i
n
 
r
e
p
o
r
t
i
n
g
.

a
n
d
 
t
e
c
h
n
i
c
a
l
 
a
p
p
l
i
c
a
t
i
o
n
.

a
n
d

c
o
m
p
l
e
t
e
n
e
s
s

a
s
 
a
t
t
r
i
b
u
t
e
s
 
o
f

I
n
d
u
s
t
r
i
a
l

1
3
0
1

Q
U
A
N
T
I
T
A
T
I
V
E
 
C
H
E
M
I
S
T
R
Y
 
L
A
B
O
R
A
T
O
R
Y

A
n
 
i
n
t
r
o
d
u
c
t
i
o
n
 
t
o
 
q
u
a
n
t
i
t
a
t
i
v
e
t
e
c
h
n
i
q
u
e
s
 
a
n
d
 
p
h
y
s
l
e
 
c
h
e
m
i
c
a
l
m
e
a
s
u
r
e
m
e
n
t
s
 
i
n
c
l
u
d
i
n
g
 
g
r
a
v
i
m
e
t
r
i
c
 
d
e
t
e
r
-

m
i
n
a
t
i
o
n
s
,
 
m
o
l
e
c
u
l
a
r
 
w
e
i
g
h
t

d
e
t
e
r
m
i
n
a
t
i
o
n
s
,
 
s
p
e
c
t
o
g
r
a
p
h
i
c

e
x
a
m
i
n
a
t
i
o
n
s
.

p
r
e
s
e
z
I
i
s
i
t
e
:
C
o
-
r
e
g
i
s
t
r
a
t
i
o
n

C
h
e
m
i
s
t
r
y
 
2
2
0
.



"la
m

m
oo

f
M

ar
p

4.
7a

.;,
^4

P
"

,

' 1
3
0
3

Q
U

A
L

IT
A

T
IV

E
 C

H
E

M
IS

T
R

Y
 L

A
B

O
R

A
T

O
R

Y

C
l
a
s
s

L
a
b

C
r
e
d
i
t

H
r
s
.

H
r
s
.

H
r
s
.

0
3

1

P
r
I
n
c
i
p
l
e
s
 
o
f
 
q
u
a
l
i
t
a
t
i
v
e
 
a
n
a
l
y
s
i
s
;
 
s
y
s
t
e
m
a
t
i
c
 
s
e
p
a
r
a
t
i
o
n
 
a
n
d
 
i
d
e
n
t
i
f
i
c
a
t
i
o
n
 
o
f
 
a
n
i
o
n
s
-
a
l
k
a
l
i
 
m
e
i
.
u
1
s
,

a
l
h
a
l
i
n
e
-
s
a
r
t
h
 
m
e
t
a
l
s
,
 
s
e
l
e
c
t
e
d
 
t
r
a
n
s
i
t
i
o
n
 
e
l
e
m
e
n
t
s
;
 
h
o
m
o
g
e
n
e
o
u
s
 
e
q
u
i
l
i
b
r
i
u
m
;
 
c
h
r
o
m
a
t
o
g
r
a
p
h
y
-
p
a
p
e
r
 
a
n
d

t
h
i
n
 
l
a
y
e
r
.

P
r
e
r
e
q
u
i
s
i
t
e
:

C
O
-
r
e
g
i
s
t
r
a
t
i
o
n
 
C
h
e
m
i
s
t
r
y
 
2
2
2
.

:
E
N
V
R
O
N
M
E
N
T
A
L
 
H
E
A
L
T
H
 
S
E
M
I
N
A
R
 
(
I
,
 
I
I
)

0
2

1

I
n
t
r
o
d
u
c
e
s
 
s
t
u
d
e
n
t
 
t
o
 
t
h
e
 
b
a
s
i
c
 
c
o
n
c
e
p
t
s
 
o
f
 
e
n
v
i
r
o
n
m
e
n
t
a
l
 
h
e
a
l
t
h
 
a
n
d
 
t
h
e
 
i
m
p
a
c
t
 
o
f
 
m
a
n
 
o
n
 
h
i
s
 
t
o
t
a
l

T
h
e
 
p
h
i
l
o
s
o
p
h
y
 
a
n
d
 
h
i
s
t
o
r
y
 
o
f
 
p
u
b
l
i
c
 
h
e
a
l
t
h
 
w
i
l
l
 
b
e
 
i
n
c
l
u
d
e
d
 
a
s
 
w
i
l
l
 
s
t
u
d
i
e
s
 
o
f
 
p
r
o
g
r
a
m
s

a
n
d
 
a
c
t
i
v
i
t
i
e
s
 
o
f
 
g
o
v
e
r
n
m
e
n
t
a
l
 
a
g
e
n
c
i
e
s
 
i
n
 
s
u
c
h
 
a
r
e
a
s
 
a
s
 
r
a
d
i
o
l
o
g
i
c
a
l
 
h
e
a
l
t
h
,
 
e
p
i
d
e
m
i
o
l
o
g
y
 
a
n
d
 
p
e
s
t

c
o
n
t
r
o
l
.

V
i
r
i
o
u
s
 
i
n
s
t
r
u
c
t
i
o
n
a
l
 
m
e
t
h
o
d
s
 
i
n
c
l
u
d
i
n
g
 
v
i
s
i
t
i
n
g
 
l
e
c
t
u
r
e
r
s
,
 
f
i
e
l
d
 
t
r
i
p
s
,
 
l
i
t
e
r
a
t
u
r
e
 
r
e
s
e
a
r
c
h

a
n
d
 
l
a
b
o
r
a
t
o
r
y
 
e
x
p
e
r
i
m
e
n
t
a
t
i
o
n
 
w
i
l
l
 
b
e
 
e
m
p
l
o
y
e
d
.

.
B
I
O
L
O
G
Y

3
2

.
4

A
 
b
a
s
i
c
 
c
o
u
r
s
e
 
i
n
 
b
i
o
l
o
g
y
 
i
n
c
l
u
d
i
n
g
 
b
i
o
c
h
e
m
i
c
a
l
 
a
n
d
 
b
i
o
l
o
g
i
c
a
l
 
e
v
o
l
u
t
i
o
n
;
 
c
e
l
l
u
l
a
r
 
f
u
n
c
t
i
o
n
 
a
n
d
 
u
l
t
r
a
-

-
s
t
r
u
c
t
u
r
e
 
a
n
d
 
l
e
v
e
l
s
 
o
f
 
o
r
g
a
n
i
z
a
t
i
o
n
.
 
:
E
m
p
h
a
s
i
s
 
w
i
l
l
 
b
e
 
p
l
a
c
e
d
 
o
n
 
m
i
c
r
o
o
r
g
a
n
i
s
m
s
 
a
n
d
 
l
a
b
o
r
a
t
o
r
y
 
i
d
e
n
t
i
-
-

f
i
c
a
t
i
o
n
 
a
n
d
 
d
i
f
f
e
r
e
n
t
i
o
n
 
o
f
 
o
r
g
a
n
i
s
m
s
.
 
s
i
g
n
i
f
i
c
a
n
t
 
t
o
 
e
n
v
i
r
o
n
m
e
n
t
a
l

'
S
A
N
I
T
A
R
Y
 
C
H
E
M
I
S
T
R
Y

:

-
.

.
.
,

_
.

I
n
c
l
u
d
e
s
 
s
t
u
d
y
 
i
n
 
t
h
e
 
c
h
e
m
i
s
t
r
y
 
o
f
 
w
s
t
o
r
,
 
f
o
o
d
q
,
 
w
R
g
t
e
w
a
t
e
r
,
A
A
l
s
e
c
t
i
c
i
d
e
e
 
s
a
d
 
a
i
r
 
c
a
n
t
a
m
i
r
m
n
t
c
 
i
n
 
t
h
e
i
r

r
e
l
a
t
i
o
n
s
h
i
p
 
t
o
 
e
n
v
i
r
o
n
m
e
n
t
a
l
 
h
e
a
l
t
h
.
 
:
,
L
a
b
o
r
a
t
o
r
y
 
p
r
o
c
e
d
u
r
e
s
 
p
e
r
t
i
n
e
n
t
 
t
o
 
e
a
c
h
 
f
i
e
l
d
 
a
r
e
 
p
r
a
c
t
i
c
e
s
.

W
A
S
T
E
W
A
T
E
R
 
;
O
L
L
E
C
T
I
O
N
,
 
T
R
E
A
T
M
E
N
T
 
&
 
D
I
S
P
O
S
A
L

3
3

4

,
C
o
o
s
t
r
u
c
t
i
o
n
 
a
n
i
 
m
a
i
n
t
e
n
a
n
c
e
 
o
f
 
c
o
l
l
e
c
t
i
o
n
 
s
y
s
t
e
m
s
 
a
r
e
 
s
t
u
d
i
e
d
.
.
:
 
S
u
b
j
e
c
t
 
m
a
t
t
e
r
 
w
i
l
l
 
a
l
s
o
 
i
n
c
l
u
d
e
 
t
h
e

o
p
e
r
a
t
i
o
n
 
a
s
p
e
c
t
s
 
o
f
 
w
a
s
t
e
w
a
t
e
r
 
t
r
e
a
t
m
e
n
t
 
p
r
o
c
e
s
s
e
s
,
 
e
m
p
h
a
s
i
z
i
n
g
 
b
i
o
l
o
g
i
c
a
l
 
a
n
d
 
t
e
r
t
i
a
r
y
 
u
n
i
t
s
 
a
n
d
 
t
h
e
-

c
o
o
s
i
d
e
r
a
t
i
o
n
 
o
f
 
d
i
s
p
o
s
a
l
 
p
r
o
b
l
e
m
s
.

L
a
b
o
r
a
t
o
r
y
 
p
r
o
j
e
c
t
s
 
i
n
c
l
u
d
e
:
 
,
 
d
i
a
g
r
a
m
m
i
n
g
 
a
 
w
a
s
t
e
w
a
t
e
r
 
c
o
l
l
e
c
t
i
o
n

s
y
s
t
e
m
 
i
n
c
l
u
d
i
n
g
 
p
l
a
n
 
a
n
d
 
p
r
o
f
i
l
e
;
 
p
r
e
p
a
r
a
t
i
o
n
 
o
f
 
f
l
o
w
 
d
i
a
g
r
a
m
 
v
a
r
i
o
u
s
 
t
r
e
a
t
m
e
n
t
 
p
r
o
c
e
s
s
e
s
;
 
r
e
v
i
e
w
 
o
f

o
p
e
r
a
t
i
n
g
 
r
e
c
o
r
d
s
 
o
f
 
a
 
t
r
e
a
t
m
e
n
t
 
p
l
a
n
t
,
 
e
x
a
m
i
n
i
n
g
 
e
f
f
i
c
i
e
n
c
y
,
 
c
o
s
t
s
 
a
n
d
 
o
p
e
r
a
t
i
o
n
a
l
 
p
r
o
b
l
e
m
s
.

I
N
S
T
R
U
M
E
N
T
A
T
I
O
N
 
(
E
N
V
I
R
O
N
M
E
N
T
A
L
)

3
2

T
h
e
 
a
p
p
l
i
c
a
t
i
o
n
,
 
m
a
i
n
t
e
n
a
n
c
e
 
a
n
d
 
c
a
l
i
b
r
a
t
i
o
n
 
o
f
 
i
n
s
t
r
u
m
e
n
t
s
 
e
s
s
e
n
t
i
a
l
 
t
o
 
s
t
u
d
y
 
a
n
d
 
c
o
n
t
r
o
l
 
o
f
 
t
h
e
 
e
n
v
i
r
o
n
m
e
n
t

a
r
e
 
c
o
n
s
i
d
e
r
e
d
.

I
n
s
t
r
u
c
t
i
o
n
 
w
i
l
l
 
i
n
c
l
u
d
e
 
c
h
a
r
a
c
t
e
r
i
s
t
i
c
s
,
 
a
c
c
u
r
a
c
y
 
a
n
d
 
l
i
m
i
t
a
t
i
o
n
s
 
o
f
 
m
e
c
h
a
n
i
c
a
l
,
 
e
l
e
c
t
r
i
c
a
l

h
y
d
r
a
u
l
i
c
 
a
n
d
 
p
n
e
u
m
a
t
i
c
 
s
e
n
s
i
n
g
 
e
q
u
i
p
m
e
n
t
.



C
l
a
s
s

L
a
b

C
r
e
d
i
t

H
r
s
.

H
r
s
.

H
r
s
.

nr
ci

ar
ro

w
er

 s
tu

vi
m

m
E

N
T

A
L

)
s.

3
3

4
_

C
o
i
s
i
d
i
r
s
 
t
h
e
 
c
l
a
s
s
i
f
i
c
a
t
i
o
n
 
o
f
m
i
c
r
o
o
r
g
a
n
i
s
m
s
;
 
p
r
o
t
o
z
o
a
,
 
f
u
n
g
i
,
 
v
i
r
u
s
e
s
;

m
i
c
r
o
s
c
o
p
y
;
 
b
a
c
t
e
r
i
a
l
 
p
h
y
s
i
o
l
o
g
y
,

.
.
,
,
s
a
p
r
u
s
g
i
h
y
t
i
c
 
b
a
c
t
e
r
i
a
;
 
c
u
l
t
u
r
e
 
m
e
d
i
a
a
n
d
 
m
e
t
h
o
d
s
;
 
s
t
e
r
i
l
i
z
a
t
i
o
n
 
a
n
d

d
i
s
i
n
f
e
c
t
i
o
n
;
 
g
e
r
m
i
c
i
d
e
s
;
 
s
o
u
r
c
e
s
 
o
f

f
a
f
a
c
t
i
o
n
;
 
m
i
c
r
o
b
e
s
 
a
n
d
 
d
i
s
e
a
s
e
.

T
h
e
 
s
t
u
d
y
 
o
f
.
p
a
t
h
o
g
e
n
i
c
 
b
a
c
t
e
r
i
a
a
s
s
o
c
i
a
t
e
d
 
w
i
t
h
 
w
a
t
e
r
 
a
n
d
 
f
o
o
d
,

n
a
t
u
r
a
l

-
a
n
i
C
a
c
q
p
i
r
e
d
 
r
e
s
i
s
t
a
n
c
e
.
 
t
o
-
b
a
c
t
e
r
i
a
-
a
n
d
r
e
s
p
i
r
a
t
o
r
y
 
d
i
s
e
a
s
e
s
p
r
o
d
u
c
i
n
g
.
m
i
c
r
o
b
e
s
 
i
s

a
l
s
o
 
i
n
c
l
u
d
e
d
.

:
'
.
1
6
1
0
1
1
1
-
S
U
P
P
L
T
,
T
R
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R
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d
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c
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p
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c
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p
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c
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c
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p
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b
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p
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c
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b
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R
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R
i
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P
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c
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r
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c
t
i
o
n
s

F
u
n
d
a
m
e
n
t
a
l
 
i
d
e
n
t
i
t
i
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c
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p
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c
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R
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.
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c
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i
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c
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c
t
i
o
n
s
.

.

'
,
L
i
m
i
t
s
.

D
e
r
i
v
a
t
i
v
e
 
o
f
 
a
 
f
u
n
c
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p
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c
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c
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.
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.
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p
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.
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p
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c
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c
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c
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.

2
M
e
a
n
 
v
a
l
u
e
 
t
h
e
o
r
e
m
.
'
'
L
'
H
o
p
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u
l
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c
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p
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c
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c
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c
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i
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n
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c
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c
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b
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P
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e
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.
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b
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c
u
l
u
s
 
a
n
d
 
A
n
a
l
y
t
i
c
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c
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p
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c
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i
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l
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c
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p
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c
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.
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i
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b
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c
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c
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c
h
 
t
h
e
 
s
t
u
d
e
n
t
 
a
n
 
a
p
p
r
e
c
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c
e
,
 
a

p
r
o
f
i
c
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c
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b
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c
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p
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c
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c
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P
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c
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p
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c
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b
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c
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c
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i
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c
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c
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p
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p
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p
e
r
 
i
n
t
e
g
r
a
l
s

2
.

N
u
m
e
r
i
c
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.
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c
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c
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c
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P
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c
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p
r
o
d
u
c
t
s

3
.

L
o
c
i
 
i
n
 
s
p
a
c
e

4
.

Q
u
a
d
r
i
c
 
s
u
r
f
a
c
e
s

5
.

S
u
m
m
a
r
y
 
a
n
d
 
r
e
v
i
e
w

,



4)
17

1Y
- 

;!
:4

:, 
.,,

' 1
."

 ,

)';
 '7

";
C
O
U
R
S
E
 
O
U
T
L
I
N
E

';'
;

kg
,

t,S
t
C
o
u
r
s
e
 
T
i
t
l
e
 
a
n
d
 
N
u
m
b
e
r
:

G
e
n
e
r
a
l
 
C
h
e
m
i
s
t
r
y
 
2
2
0

Z
.

C
u
r
r
i
c
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b
e
r
 
o
f
 
C
l
a
s
s
 
P
e
r
i
o
d
s
:

'
T
w
o
 
l
e
c
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c
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e
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c
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c
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c
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P
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e
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.
 
J
e
h
r
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A
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.
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b
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1
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p
r
e
s
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a
 
g
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n
e
r
a
l
 
i
n
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r
o
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u
c
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c
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r
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p
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p
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c
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c
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c
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c
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c
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b
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c
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p
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p
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c
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p
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c
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c
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p
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c
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c
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c
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c
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b
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c
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c
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c
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r
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c
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C
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o
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c
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c
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E
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c
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c
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c
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h
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n
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y
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I
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A
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h
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5
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h
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n
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h
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p
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P
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b
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n
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c
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c
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c
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c
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c
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c
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b
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r
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c
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a
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6
8
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R
e
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n
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o
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r
p
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r
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o
n
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r
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b
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c
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p
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R
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y
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p
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H
i
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i
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c
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p
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p
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l
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n
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c
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e
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r
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c
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.
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l
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.
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t
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B
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C
u
r
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c
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a
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N
a
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C
.
,
I
h
m
i
b
e
r
 
o
f
 
C
l
a
s
s
 
P
e
t
i
o
d
s
:

D
.

P
r
e
p
a
r
e
d
 
B
y
:

E
.

O
b
j
e
c
t
i
v
e
s
:

O
r
i
g
i
n
s
 
a
n
d
 
G
r
o
w
t
h
 
o
f
 
P
h
y
s
i
c
s

a
.

h
i
s
t
o
r
y

b
.

t
h
e
 
s
c
i
e
n
t
i
f
i
c
 
m
e
t
h
o
d

c
.

p
h
y
s
i
c
a
l
 
q
u
a
n
t
i
t
i
e
s

d
.

m
e
a
s
u
r
e
m
e
n
t
,
 
m
a
t
h
e
m
a
t
i
c
s

e
.

r
e
f
e
r
e
n
c
e
 
f
r
a
m
e
s

f
.

e
s
t
i
m
a
t
i
o
n

.
M
a
t
t
e
r

a
.
 
.
p
h
a
s
e
s
 
o
f

b
.

e
l
a
s
t
i
c
i
t
y
 
a
n
d
 
R
o
o
k
e
'
s
 
L
a
w

c
.

e
l
a
s
t
i
c
 
m
o
d
u
l
e

d
.

m
a
s
s
,
 
s
t
a
n
d
a
r
d
 
o
f
,
 
c
o
n
s
e
r
v
a
t
i
o
n
 
o
f

a
.

a
t
o
m
s
 
a
n
d
 
m
o
l
e
c
u
l
e
s
,
 
e
l
e
m
e
n
t
s
 
a
n
d
 
c
o
m
p
o
u
n
d
s

C
O
U
R
S
E
 
O
U
T
L
I
N
E

P
h
y
s
i
c
s
 
2
6
0

G
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n
e
r
a
l

T
h
r
e
e
 
c
l
a
s
s
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u
r
s
 
p
e
r
 
w
e
e
k
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n
d
 
t
w
o
 
l
a
b
 
h
o
u
r
s
 
p
e
r
 
w
e
e
k
 
f
o
r
 
1
6
 
w
e
e
k
s

L
o
u
i
s
 
L
.
 
D
e
p
o
w
s
k
i
,
 
A
s
s
'
t
.
 
P
r
o
f
.
,
 
S
e
p
t
e
m
b
e
r
 
1
9
6
9

T
o
 
p
r
e
s
e
n
t
 
a
 
g
e
n
e
r
a
l
 
i
n
t
r
o
d
u
c
t
i
o
n
 
t
o
 
p
h
y
s
i
c
s
 
i
n
c
l
u
d
i
n
g
 
v
e
c
t
o
r
s
,
 
l
i
n
e
a
r
 
a
n
d

c
i
r
c
u
l
a
r
 
m
o
t
i
o
n
,
 
l
a
w
s
 
o
f
 
m
o
t
i
o
n
,
 
f
r
i
c
t
i
o
n
,
 
c
o
n
s
e
r
v
a
t
i
o
n
 
l
a
w
s
,
 
s
i
m
p
l
e

m
a
c
h
i
n
e
s
,
 
p
r
o
p
e
r
t
i
e
s
 
o
f
 
m
a
t
t
e
r
,
 
f
l
u
i
d
s
,
 
s
o
u
n
d
,
 
c
a
l
o
r
i
m
e
t
r
y
,
 
t
h
e
r
m
o
d
y
n
a
m
i
c
s
,

h
e
a
t
 
t
r
a
n
s
f
e
r
.

3
.

M
e
c
h
a
n
i
c
s

a
.

v
e
c
t
o
r
 
q
u
a
n
t
i
t
i
e
s

b
.

f
o
r
c
e
,
 
c
o
m
p
o
n
e
n
t
s
'

c
.

e
q
u
i
l
i
b
r
i
u
m
 
p
r
o
b
l
e
m
s

T
O
P
I
C
S

P
a
r
t
i
c
l
e
 
K
i
n
e
m
a
t
i
c
s

a
.

s
p
e
e
d
,
 
v
e
l
o
c
i
t
y
,
 
a
c
c
e
l
e
r
a
t
i
o
n

b
.

t
h
e
o
r
y
 
o
f
 
r
e
l
a
t
i
v
i
t
y

c
.

p
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o
b
l
e
m
s
 
i
n
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o
l
v
i
n
g
 
c
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n
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n
t
 
a
c
c
e
l
e
r
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n

d
.

f
r
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l

e
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l
l
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s
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.
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y
a
n
m
i
c
s

a
i
n
e
r
t
i
a
,
 
i
n
e
r
t
i
a
l
 
s
y
s
t
e
m
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-

b
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N
e
w
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L
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c
.
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p
l
i
c
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e
w
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L
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w
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.

M
o
m
e
n
t
u
m

a
.

b
. c
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e
w
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h
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i
m
p
e
l
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t
u
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n
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r
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n
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a
.
 
-
c
i
r
c
u
l
a
r
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o
t
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o
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c
o
n
t
r
i
p
e
t
a
l
 
f
o
r
c
e

c
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e
p
l
e
r
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L
a
w

d
.

U
n
i
v
e
r
s
a
l
 
L
a
w
 
o
f
 
G
r
a
v
i
t
a
t
i
o
n

E
n
e
r
g
y

a
.
 
7
w
o
r
k

b
.
 
,
k
i
n
e
t
i
c
 
a
n
d
 
p
o
t
e
n
t
i
a
l
 
e
n
e
r
g
y

;
c
o
n
s
e
r
v
a
t
i
o
n

c
o
n
s
e
r
v
a
t
i
o
n
 
o
f
 
e
n
e
r
g
y

.
K
i
n
e
t
i
c
 
T
h
e
o
r
y

a
.
 
.
.
g
a
s
 
l
a
w
s
,
 
a
b
s
o
l
u
t
e
 
t
e
m
p
e
r
a
t
u
r
e

b
.
 
.
d
i
s
t
r
i
b
u
t
i
o
n
 
o
f
 
m
o
l
e
c
u
l
a
r
 
v
e
l
o
c
i
t
i
e
s
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.

M
e
a
s
u
r
e
m
e
n
t
s
,
 
T
h
e
o
r
y
 
o
f
 
E
r
r
o
r

2
.

H
o
o
k
e
'
s
 
L
a
w

3
.

E
q
u
i
l
i
b
r
i
u
m
 
-
 
F
o
r
c
e
 
T
a
b
l
e

4
.

F
r
e
e
 
-
F
e
l
l
 
'
g
'
 
M
e
a
s
u
r
e
m
e
n
t

5
.

N
e
w
t
o
n
'
s
 
S
e
c
o
n
d
 
L
a
w

6
.

E
l
a
s
t
i
c
i
t
y

7
.

U
n
i
f
o
r
m
 
C
i
r
c
u
l
a
r
 
M
o
t
i
o
n

8
.

L
/
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T
O
P
I
C
S

1
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H
e
a
t
 
E
n
e
r
g
y

.
a
.

h
e
a
t
 
q
u
a
n
t
i
t
i
e
s

b
.

s
p
e
c
i
f
i
c
 
h
e
a
t
-
-

C
h
a
n
g
e
 
o
f
 
p
h
a
s
e
.

d
.

h
e
a
t
 
t
r
a
n
s
f
e
r
'

e
.

J
o
u
l
e
'
s
 
E
q
u
i
v
a
l
e
n
t

f
.

L
a
w
s
 
o
f
 
T
h
e
r
m
o
d
y
n
a
m
i
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s

g
.
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n
t
r
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p
y
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e
 
M
o
t
i
o
n

a
.
 
;
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e
s
c
r
i
p
t
i
o
n
 
o
f
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a
v
e
s

b
.
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h
e
 
s
i
m
p
l
e
 
p
e
n
d
u
l
u
m

c
.
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a
v
e
 
p
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o
p
a
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t
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o
n

d
.

s
u
p
e
r
p
o
s
i
t
i
o
n
 
p
r
i
n
c
i
p
l
e

e
.
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o
p
p
l
e
r
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e
c
t

f
.
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t
a
n
d
i
n
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w
a
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s
'

L
A
B
O
R
A
T
O
R
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.
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r
i
c
t
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o
n

1
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.
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a
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i
n
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1
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.
 
,
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o
r
s
i
o
n
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1
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.
 
:
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.
1
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.
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e
c
i
f
i
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a
t

,
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.
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n
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p
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n
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e
l
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e
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r
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e
n
t
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.
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r
e
d
 
B
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b
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c
t
i
v
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1
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u
r
e
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f
 
L
i
g
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t
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C
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c
i
t
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n
c
e
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e
 
p
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o
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e
r
t
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e
s

a
.

d
i
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c
t
r
i
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a
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o
f
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f
l
e
c
t
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n
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n
c
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f
 
c
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p
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p
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n
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r
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c
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c
t
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n
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p
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r
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c
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s
 
p
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r
 
w
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e
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t
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p
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r
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k
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e
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s
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.
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f
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t
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b
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1
9
6
9

T
o
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o
m
p
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e
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e
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e
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n
t
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o
d
u
c
t
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n
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o
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h
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s
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n
c
l
u
d
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n
g
 
e
l
e
c
t
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o
s
t
a
t
i
c
s
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h
m
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s

L
a
w
,
 
s
i
m
p
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e
 
e
l
e
c
t
r
i
c
 
c
i
r
c
u
i
t
s
,
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a
g
n
e
t
i
s
m
,
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n
d
u
c
t
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n
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a
l
t
e
r
n
a
t
i
n
g
 
c
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r
r
e
n
t
,

l
i
g
h
t
,
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o
m
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r
i
c
a
l
 
o
p
t
i
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s
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t
i
c
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l
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y
s
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y
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i
c
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o
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s
,
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e
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v
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,
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o
m
i
c
 
t
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r
y
,
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o
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d
 
s
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t
e
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e
o
r
y
,
 
n
u
c
l
e
a
r
 
s
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r
u
c
t
u
r
e
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n
d
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n
s
-
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r
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n
.
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O
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I
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S

.
E
l
e
c
t
r
i
c
i
t
y

a
.

e
l
e
c
t
r
i
c
 
c
h
a
r
g
e
,
 
s
t
r
u
c
t
u
r
e

b
.
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o
n
d
u
c
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r
s
 
a
n
d
 
i
n
s
u
l
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c
.
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o
u
l
o
m
b
'
s
 
L
a
w

d
.
 
.
e
l
e
c
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.
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c
t
i
o
n
 
(
e
l
e
c
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c
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i
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.
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p
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c
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p
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.
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c
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c
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c
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c
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c
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c
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p
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c
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c
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p
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c
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c
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c
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c
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b
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c
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c
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l
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p
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c
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p
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p
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p
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i
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p
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c
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p
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.
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p
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c
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i
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i
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n
 
S
a
m
 
"
l
i
n
g
 
a
n
d
 
A
n
a
l
y
s
i
s
 
f
o
r
 
S
o
l
i
d
s

1
3

,
L
a
b
o
r
a
t
o
r
y
 
E
x
e
r
c
i
s
e
 
o
n
 
S
a
m
p
l
i
n
g
 
a
n
d
 
A
n
a
l
y
s
i
s
 
f
o
r
 
P
h
o
s
p
h
o
u
s
,
 
P
h
o
s
p
h
a
t
e
S

a
n
d
 
G
r
e
a
s
e

1
4

.
L
a
b
o
r
a
t
o
r
y
 
a
n
d
 
F
i
e
l
d
 
E
x
e
r
c
i
s
e
"
o
n
 
A
n
a
l
y
s
i
s
 
o
f
 
A
i
r
 
C
o
n
t
a
m
i
n
a
n
t
s

1
5

.
L
a
b
o
r
a
t
o
r
y
 
E
x
e
r
c
i
s
e
 
o
r
 
V
i
s
i
t
 
t
o
 
L
a
b
o
r
a
t
o
r
y
 
t
h
a
t
 
P
e
r
f
o
r
m
s
 
A
n
a
l
y
s
i
s
 
o
n

I
n
s
e
c
t
i
c
i
d
e
s
,
 
P
e
s
t
i
c
i
d
e
s
,
 
e
t
c
.

1
6

F
i
e
l
d
 
E
x
e
r
c
i
s
e
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T
e
s
t
s
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o
r
 
C
o
n
t
a
m
i
n
a
t
i
o
n
 
o
f
 
F
o
o
d
 
P
r
o
d
u
c
t
s
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X
.
 
C
o
.
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u
r

T
i
t
r
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a
p
d
 
N
u
m
b
e
r
:

B
.

C
u
r
r
i
c
u
l
u
m
 
N
a
m
e
:

.
 
N
u
m
b
e
r
 
o
f
 
C
l
a
s
s
 
P
e
r
i
o
d
s
:

D
.

T
e
x
t
b
o
o
k
O
s
e
d
:

E
.

P
r
e
p
a
r
e
d
 
B
y

C
.

O
b
j
e
c
t
i
v
e
s
:

C
 
,

C
O
D
I
S
E
-
O
U
T
L
I
N
E
-

W
a
s
t
e
w
a
t
e
r
,
C
o
l
l
e
c
t
i
o
n
,
 
T
r
e
a
t
m
e
n
t
 
&
 
D
i
s
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o
s
a
l

E
n
v
i
r
o
n
m
e
n
t
a
l
 
S
c
i
e
n
c
e
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p
t
i
o
n
 
t
o
_
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h
e
m
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c
a
l
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e
c
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n
o
l
o
g
y

T
w
o
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o
n
e
-
h
o
u
r
 
p
e
r
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o
d
i
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n
d
 
o
n
e
 
t
w
o
-
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o
u
r
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a
b
 
p
e
r
 
w
e
e
k
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o
r
 
1
6
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e
e
k
s

W
a
t
e
r
 
a
n
d
 
W
a
s
t
e
w
a
t
e
r
-
E
n
g
i
n
e
e
r
i
n
g
,
 
V
o
l
u
m
e
 
1
 
&
 
2
,
 
F
a
i
r
,
 
G
e
y
e
r
 
a
n
d
 
O
k
u
m
,
 
1
9
6
8
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n
t
h
o
n
y
 
T
.
,
Y
o
e
l
l
,
 
D
i
r
e
c
t
o
r
 
E
n
v
i
r
o
n
m
e
n
t
a
l
 
H
e
a
l
t
h
 
S
e
r
v
i
c
e
s
,
 
C
h
a
u
t
a
u
q
u
a
 
C
o
u
n
t
y

D
e
p
a
r
t
m
e
n
t
 
o
f
.
 
H
e
a
l
t
h

A
 
d
e
f
i
n
i
t
e
.
n
e
e
d
 
e
x
i
s
t
s
 
t
o
 
f
a
m
i
l
i
a
r
i
z
e
 
e
n
v
i
r
o
n
m
e
n
t
a
l
 
h
e
a
l
t
h
 
t
e
c
h
n
i
c
i
a
n

p
e
r
s
o
n
n
e
l
 
(
a
s
 
d
e
f
i
n
e
d
 
i
n
 
P
a
r
t
 
I
I
 
o
f
 
t
h
e
 
N
e
w
 
Y
o
r
k
 
S
t
a
t
e
 
S
a
n
i
t
a
r
y
 
C
o
d
e
)

w
i
t
h
 
w
a
s
t
e
w
a
t
e
r
 
c
o
l
l
e
c
t
i
o
n
,
 
t
r
e
a
t
m
e
n
t
,
 
a
n
d
 
d
i
s
p
o
s
a
l
 
p
r
i
o
r
 
t
o
 
e
m
p
l
o
y
m
e
n
t
.

T
h
e
'
f
o
l
l
o
w
i
n
g
 
a
r
e
a
s
 
o
f
 
c
o
n
c
e
r
n
 
a
r
e
 
p
r
o
p
o
s
e
d
 
f
o
r
 
i
n
c
l
u
s
i
o
n
 
i
n
 
t
h
i
s
 
c
o
u
r
s
e
.

P
r
o
s
p
e
c
t
i
v
e
 
e
n
v
i
r
o
n
m
e
n
t
a
l
i
s
t
s
 
w
i
l
l
 
h
a
v
e
 
o
p
p
o
r
t
u
n
i
t
y
 
t
o
:

1
.

D
e
v
e
l
o
p
;
 
a
b
i
l
i
t
y
 
t
o
 
i
n
t
e
r
p
r
e
t
 
s
e
w
e
r
 
p
l
a
n
s
,
 
i
.
e
.
,
 
s
l
o
p
e
s
,
 
a
l
i
g
-
l
m
e
n
t
s
,

d
e
t
i
l
l
s
:

.
2
.

D
e
v
e
l
o
p
 
a
b
i
l
i
t
y
 
t
o
 
c
o
m
p
u
t
e
 
c
a
p
a
c
i
t
i
e
s
 
o
f
 
s
e
w
e
r
s
 
a
l
o
n
g
 
w
i
t
h
 
a
s
s
o
c
i
a
t
e
d

f
l
o
w
 
v
e
l
o
c
i
t
i
e
s
.

3
.

O
b
t
a
i
n
 
b
a
s
i
c
 
u
n
d
e
r
s
t
a
n
d
i
n
g
 
o
f
 
p
u
m
p
 
a
n
d
 
l
i
f
t
 
s
t
a
t
i
o
n
 
d
e
s
i
g
n
 
a
n
d

o
p
e
r
a
t
i
o
n
.
 
:
,
T
h
i
s
 
w
o
u
l
d
 
i
n
c
l
u
d
e
 
a
i
r
 
e
j
e
c
t
o
r
,
 
a
i
r
 
l
i
f
t
,
 
a
n
d
 
c
e
n
t
r
i
f
u
g
a
l

p
u
m
p
s
.

.

4
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B
e
c
o
m
e
 
f
a
m
i
l
i
a
r
 
w
i
t
h
 
d
e
t
a
i
l
s
 
a
n
d
 
t
e
r
m
i
n
o
l
o
g
y
 
f
o
r
 
h
o
u
s
e
 
c
o
n
n
e
c
t
i
o
n
s
.
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D
e
v
e
l
o
p
 
c
a
p
a
c
i
t
y
 
t
o
 
o
b
t
a
i
n
 
b
a
s
i
c
 
i
n
f
o
r
m
a
t
i
o
n
 
n
e
e
d
e
d
 
t
o
 
d
e
s
i
g
n
 
a
n
d
 
a
l
s
o

a
b
i
l
i
t
y
 
t
o
 
d
e
s
i
g
n
 
p
r
i
v
a
t
e
 
h
o
m
e
 
s
e
w
a
g
e
 
d
i
s
p
o
s
a
l
 
s
y
s
t
e
m
s
.

T
h
i
s
 
w
o
u
l
d

i
n
c
l
u
d
e
 
s
i
t
e
 
i
n
s
p
e
c
t
i
o
n
,
 
s
o
i
l
 
p
e
r
c
o
l
a
t
i
o
n
 
t
e
s
t
s
,
 
s
o
i
l
 
a
n
a
l
y
s
i
s
,
 
p
l
a
n

a
n
d
 
s
p
e
C
i
f
i
c
a
t
i
o
n
 
p
r
e
p
a
r
a
t
i
o
n
.

6
.

O
b
t
a
i
n
 
f
a
m
i
l
i
a
r
i
t
y
 
w
i
t
h
 
b
a
s
i
c
 
w
a
s
t
e
w
.
t
e
r
 
t
r
e
a
t
m
e
n
t
 
p
r
o
c
e
s
s
e
s
 
-
 
p
r
i
m
a
r
y
,

,
s
e
c
o
n
d
a
r
y
,
 
a
n
d
 
t
e
r
t
i
a
r
y
 
t
r
e
a
t
m
e
n
t
,
 
n
u
t
r
i
e
n
t
 
(
N
 
&
 
P
)
 
r
e
m
o
v
a
l
,
 
s
l
u
d
g
e

d
i
g
e
s
t
i
o
n
 
a
n
d
 
o
t
h
e
r
 
m
e
t
h
o
d
s
 
o
f
 
h
a
n
d
l
i
n
g
,
 
c
h
l
o
r
i
n
a
t
i
o
n
,
 
f
l
o
w
 
m
A
a
s
u
r
e
m
e
n
t
.

7
.

D
e
v
e
l
o
p
 
a
b
i
l
i
t
y
 
f
,
T
.
 
p
r
o
p
e
r
 
p
l
a
n
t
 
e
v
a
l
u
a
t
i
o
n
 
a
n
e
 
p
l
a
n
t
 
s
a
m
p
l
i
n
g
.

8
.

O
b
t
a
i
n
 
w
o
r
k
i
n
g
 
k
n
o
w
l
e
d
g
e
 
o
f
 
s
t
r
e
a
m
 
e
v
a
l
u
a
t
i
o
n
 
f
o
r
 
f
l
o
w
,
 
p
h
y
s
i
c
a
l

c
h
a
r
a
c
t
e
r
i
s
t
i
c
s
,
 
a
n
d
 
c
h
e
n
d
c
a
l
 
a
n
d
 
b
i
o
l
o
g
i
c
a
l
 
p
a
r
a
m
e
t
e
r
s
.

9
.

R
e
v
i
e
w
.
w
a
s
t
e
W
a
t
e
r
 
d
i
s
p
o
s
a
l
 
p
r
a
c
t
i
c
e
s
 
t
o
 
l
a
k
e
s
,
 
r
i
v
e
r
s
;
 
g
r
o
u
n
d
w
a
t
e
r

'
!
r
o
m
 
p
r
i
V
a
t
e
 
h
o
m
e
s
.
;
.
 
i
n
t
e
r
m
e
d
i
a
t
e
 
p
l
a
n
t
s
 
a
n
d
 
m
a
j
o
r
 
m
u
n
i
c
i
p
a
l
 
i
n
s
t
a
l
l
a
t
i
o
n
s
.
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e
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i
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e
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i
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i
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i
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i
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c
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e
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e
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p
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a
i
n
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n
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a
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P
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p
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l
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.



M
a
t
e
r
L
a
1
 
C
o
v
e
r
e
d
:

N
O
.
 
O
E
 
L
E
C
T
U
R
E
 
H
O
U
R
S
:

2

T
h
e
 
m
a
t
e
r
i
a
l
 
p
r
e
s
e
n
t
e
d
i
n

th
es

e
l
e
c
t
u
r
e
s
 
i
s
 
t
i
e
d
 
i
n
 
w
i
t
h

L
e
c
t
u
r
e
s
 
2
,
 
3
,
 
6
,
 
a
n
d
 
7
a
s
 
a
 
b
a
c
k
g
r
o
u
n
d
.

D
e
t
a
i
l
s

o
f
 
d
e
s
i
g
n
 
a
r
e
 
c
o
v
e
r
e
d

i
n
 
t
h
e
s
e
 
t
-
,
 
l
e
c
t
u
r
e
s
 
a
n
d

a
l
s
o
 
i
n
 
L
e
c
t
u
r
e
s
 
1
1
 
a
n
d
 
1
2
.

T
h
e
 
n
a
t
u
r
e
 
o
f
 
f
l
o
w
 
i
s

c
o
v
e
r
e
d

h
e
r
e
 
i
n
c
l
u
d
i
n
g
 
f
l
o
w
 
i
n

f
i
l
l
e
d
 
s
e
w
e
r
s
,
 
l
i
m
i
t
i
n
g
.
v
e
l
o
c
i
t
y
 
o
f
 
f
l
o
w
 
(
t
r
a
n
s
p
o
r
t
i
n
g
v
e
l
o
c
i
t
i
e
s
 
a
n
d
 
d
a
m
a
g
i
n
g
v
e
l
o
c
i
t
i
e
s
)

f
l
o
w
l
a
 
p
a
r
t
i
a
l
l
y
 
f
i
l
l
e
d
 
*
s
e
e
r
s
,

f
l
o
w
 
i
n
 
i
e
v
e
r
t
r
a
n
s
i
t
i
o
n
s
,

a
l
t
e
r
n
a
t
e
 
s
t
a
g
e
s
:
a
n
d

c
r
i
t
i
c
a
l
 
d
e
p
t
h
s
,
 
l
e
n
g
t
h
s
 
o
f

t
r
a
n
s
i
t
i
o
n
a
;
-
t
r
a
u
s
l
t
i
o
n
-
b
y
l
v
d
r
a
u
l
i
e
 
j
u
m
p
,

s
t
r
e
e
t
 
i
n
l
e
t
s
:
a
n
d
d
e
p
r
e
s
s
e
d
 
s
e
w
e
r
s
 
a
n
d

a
p
p
u
r
t
e
n
a
n
t
 
s
t
r
u
c
t
u
r
e
s
.

r

st
ar

=
es

:

O
V

,

1
.

"
W
a
t
e
r
 
a
n
d
 
W
a
s
t
e
w
a
t
e
r
E
n
g
i
n
e
e
r
i
n
g
"

-
 
V
o
l
u
m
e
 
-
 
C
h
a
p
t
e
r
 
1
4

-
 
W
a
s
t
e
w
a
t
e
r
 
F
l
o
w
s

2
.

W
a
t
e
r
 
P
o
l
l
u
t
i
o
n
 
C
o
n
t
r
o
l
F
e
d
e
r
a
t
i
o
n
,
 
M
a
n
u
a
l
 
o
f
P
r
a
c
t
i
c
e
 
N
u
m
b
e
r
 
9
,
 
"
D
e
s
i
g
n
a
n
d
 
C
o
n
s
t
r
u
c
t
i
o
n
 
o
f
 
S
a
n
i
t
a
r
y

a
n
d
 
S
t
o
r
m
 
S
e
w
e
r
s
.
"

1
9
6
9
 
W
a
t
e
r
 
P
o
l
l
u
t
i
o
n

C
o
n
t
r
o
l
 
F
e
d
e
r
a
t
i
o
n
,
 
3
9
0
0

W
i
s
c
o
n
s
i
v
,
.
 
a
v
e
n
u
e
,
 
W
a
s
h
i
n
g
t
o
n
,

D
.
C
,
 
2
0
0

.
.

:
.
.
.

.
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r
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'Il
la

ta
rl

al
C

ov
er

af
t:

n
e
e
l
n
a
t
b
a
a
 
i
s
 
m
o
d
e
 
o
f
 
t
h
e
 
a
m
o
u
n
t
 
a
n
d
 
d
e
t
a
i
l
 
o
f
 
l
o
c
a
l
 
i
n
f
o
r
m
a
t
i
o
n
 
r
e
q
u
i
r
e
d
 
f
o
r
 
t
h
e
 
d
e
s
i
g
n
 
o
f
 
s
e
w
e
r
s
.

V
e
r
l
e
t
l
e
a
s
 
i
s
 
f
l
o
w
 
t
o
 
b
e
 
b
a
n
d
i
e
d
 
b
y
 
s
a
n
i
t
a
r
y
 
s
e
v
e
r
s
 
a
r
e
 
d
i
s
c
u
s
s
e
d
.

T
h
e
 
d
i
f
f
e
r
e
n
t
 
t
y
p
e
s
 
o
f
 
F
e
v
e
r
s
;
 
t
h
a
t
 
i
s
,

.
.
a
m
m
I
t
e
a
y
 
i
s
o
m
e
r
s
,
 
s
t
o
a
t
 
d
r
a
i
n
s
 
a
n
d
 
c
o
m
b
i
n
e
d
 
s
e
w
e
r
s
 
a
r
e
 
d
i
s
c
u
s
s
e
d
.

T
h
e
 
c
o
m
m
o
n
 
e
l
e
m
e
n
t
s
 
o
f
 
s
e
w
e
r
 
p
r
o
f
i
l
e
s
 
a
r
e

l
o
o
k
e
d
 
a
t
 
l
a
c
l
a
i
t
a
g
 
a
i
m
:
l
a
m
a
 
v
e
l
o
c
i
t
y
,
 
m
i
n
i
m
u
m
 
s
e
w
e
r
 
d
e
p
t
h
,
 
d
i
s
t
a
n
c
e
 
b
e
t
w
e
e
n
 
m
a
n
h
o
l
e
s
,
 
s
t
r
e
e
t
 
g
r
a
d
i
e
n
t
,
 
s
e
w
e
r

t
.
 
a
l
a
s
o
f
a
m
m
o
r
e
m
a
i
d
e
p
t
b
 
o
f
 
s
e
w
e
r
.
,
 
.
 
C
a
p
a
c
i
t
y
 
d
e
s
i
g
n
 
i
n
 
s
a
n
i
t
a
r
y
 
s
e
w
a
g
e
 
w
o
r
k
 
i
s
 
e
v
a
l
u
a
t
e
d
 
a
s
 
w
e
l
l
 
a
s

l
a
y
o
n
t
 
a
n
d
 
b
y
d
a
m
m
l
i
a

ai
sl

es
 -

ft
s
a
n
i
t
a
r
y
 
s
o
w
e
r
a
g
a
4
-

I
s
 
a
d
d
i
t
i
o
n
 
t
o
 
,
i
r
s
t
 
a
b
o
v
e
,
 
c
a
p
a
c
i
t
y
 
d
e
s
i
g
n
 
i
n
 
s
t
o
r
m
 
d
r
a
i
n
a
g
e
s
,
 
t
i
m
e
 
o
f
 
c
o
n
c
e
n
t
r
a
t
i
o
n
,
 
r
u
m
-
o
f
f
 
c
o
e
f
f
i
c
i
e
n
t
s
,

i
r
t
a
m
m
i
t
y
 
o
f
 
r
a
i
n
i
n
i
l
.
 
a
m
o
r
m
p
a
m
t
e
r
n
e
n
a
l
y
s
t
s
,
,
a
m
p
e
r
i
c
a
l
 
f
o
r
m
u
l
a
t
i
o
n
s
,
 
l
a
y
o
u
t
 
a
n
d
 
h
y
d
r
a
u
l
i
c
 
d
e
s
i
g
n
 
i
n
 
s
t
o
r
m

d
m
m
i
m
a
g
m
,
 
b
e
a
b
r
a
m
i
l
c
 
d
e
s
i
g
n
 
o
f
 
c
o
m
b
i
n
e
d
 
s
e
v
e
r
e
,
 
a
n
d
 
o
r
e
r
a
t
i
o
n
 
a
n
d
 
m
a
i
n
t
e
n
a
n
c
e
 
o
f
 
d
r
a
i
n
a
g
e
 
s
y
s
t
e
m
s
 
a
r
e
 
d
i
s
c
u
s
s
e
d
.

N
O
.
 
O
F
 
L
E
C
T
U
R
E
 
H
O
U
R
S
.
.

2

l
o
o
k
 
i
s
 
v
a
n
e
 
a
t
 
o
u
t
f
e
l
l
a
 
i
n
t
o
 
r
e
c
e
i
v
i
n
g
 
w
a
t
e
r
 
c
o
u
r
s
e
s
,
 
i
n
c
l
u
d
i
n
g
 
f
r
e
s
h
 
w
a
t
e
r
 
s
t
r
e
a
m
s
,
 
f
r
e
s
h

.

w
a
t
e
r
 
l
i
k
a
s
,
 
a
n
d
 
m
a
r
i
n
e
 
o
e
t
f
o
a
l
s
.

S
o
f

'
.
r
.
W
a
t
e
r
 
a
n
d
 
l
i
a
s
t
a
w
a
r
t
a
r
l
a
g
i
n
e
a
r
l
a
g
n
 
-
 
V
o
l
u
m
e
 
1
 
-
 
C
h
a
p
t
e
r
 
1
5
.
-
 
W
a
s
t
e
w
a
t
e
r
 
C
o
l
l
e
c
t
i
o
n

2
.

P
a
t
e
r
 
P
o
l
l
u
t
i
o
n
 
C
o
n
t
r
o
l
 
F
e
d
e
r
a
t
i
o
n
,
 
M
a
n
u
a
l
 
o
f
 
P
r
a
c
t
i
c
e
 
N
u
m
b
e
r
 
9
 
"
D
e
s
i
g
n
 
a
n
d
 
C
o
n
s
t
r
u
c
t
i
o
n
 
o
f
 
S
a
n
i
t
a
r
y

.
,
a
n
d
 
S
t
o
r
m
 
S
e
w
e
r
s
"
 
1
9
6
9
 
-
 
W
a
t
e
r
 
P
o
l
l
u
t
i
o
n
 
C
o
n
*
r
o
l
 
F
e
d
e
r
a
t
i
o
n
,
 
3
9
0
0
 
W
i
s
c
o
n
s
i
n
 
A
v
e
n
u
e
,
 
W
a
s
h
i
n
g
t
o
n
;
 
D
.
C
.
 
2
0
0
1
6



M
a
t
e
r
i
a
l
-
C
o
v
e
r
e
d
,
:

0,
-

M
a
s
s
 
l
e
c
t
u
r
e
s
 
w
i
l
l
 
c
o
n
c
e
r
n
 
t
h
e
m
s
e
l
v
e
s
 
w
i
t
h
 
t
h
e
 
i
m
p
o
r
t
a
n
t
 
c
o
m
p
o
n
e
n
t
s
 
o
f
 
w
a
s
t
e
w
a
t
e
r
 
c
o
l
l
e
c
t
i
o
n
 
s
y
s
t
e
m
s

i
n
c
l
u
d
i
n
a
t
s
r
a
n
d
.
v
a
a
t
a
w
a
r
e
r
 
p
u
l
a
p
a
i
,
 
t
h
e
'
d
i
f
f
e
r
e
n
t
 
t
Y
p
e
s
 
o
f
 
p
u
m
p
s
,
 
p
u
m
p
 
c
h
a
r
a
c
t
e
r
i
s
t
i
c
s
,
 
c
a
v
i
t
a
t
i
o
n
,
 
p
e
r
f
o
r
m
a
n
c
e

C
h
a
r
a
c
t
e
r
i
s
t
i
c
s
,
 
a
i
r
 
c
o
m
p
r
e
s
s
o
r
s
 
a
n
d
 
v
a
c
u
u
m
 
p
u
m
p
e
,
 
a
i
r
 
c
o
m
p
r
e
s
s
i
o
n
,
 
v
a
c
u
u
m

p
u
m
p
s
,
 
a
i
r
 
f
i
l
t
e
r
s
,
 
a
i
r
 
p
i
p
i
n
g
.

.

7
0
r
.
.
,
'
 
"
1
,
0

- I
n
 
a
d
d
i
t
i
o
n
,
 
o
t
h
e
r
 
c
o
m
p
o
n
e
n
t
s
 
o
f
 
w
a
s
t
e
w
a
t
e
r
 
s
y
s
t
e
m
s
 
c
o
v
e
r
e
d
 
w
i
l
l
 
i
n
c
l
u
d
e
 
w
a
s
t
e
w
a
t
e
r
 
r
a
c
k
;
 
a
n
d
 
s
c
r
e
e
n
s
,

f
l
o
w
 
m
e
t
e
r
s
 
a
n
d
 
t
e
g
u
l
a
t
o
r
s
.

N
O
.
 
O
F
 
L
E
C
T
U
R
E
 
H
O
U
R
S
:

2

P"
r"

IL
7
,
-
-
t
r
-
r
1
:
-

l
:
A
-

-
4
1
.

"
a
l
t
a
r
 
a
n
d
 
W
a
s
t
a
w
a
t
e
t
I
n
g
i
n
t
e
r
i
n
g
"

V
o
l
l
t
m
e
.
 
1
 
-
 
C
h
a
p
t
e
r
 
1
6
 
-
 
M
a
c
h
i
c
e
r
y
 
a
n
d
 
E
q
u
i
p
m
e
n
t
,

y
r
a
t

2
:

W
a
t
e
r
 
P
o
l
l
u
t
i
o
n
 
C
o
n
t
r
o
l
 
F
e
d
e
r
a
t
i
o
n
,
 
M
a
n
u
a
l
 
o
f
 
P
r
a
c
t
i
c
e
 
N
u
m
b
e
r
 
9
,
 
"
D
e
i
l
i
g
n
 
a
n
d
 
C
o
n
s
t
r
u
c
t
i
o
n
 
o
f
 
S
a
n
i
t
a
r
y

.
-
C
h
a
p
t
e
r
 
7
 
A
p
p
u
r
t
e
n
a
n
C
i
a
 
a
n
d
 
S
p
e
c
i
a
l
 
S
t
r
u
c
t
u
r
e
s
,
 
1
9
6
9
 
7
.
 
W
a
t
e
r
 
P
o
l
l
u
t
i
o
n
 
C
o
n
t
r
o
l
 
F
e
d
e
r
a
t
i
o
n
,

,
3
9
0
0
 
W
i
l
i
c
o
n
s
i
m
A
m
e
n
u
e
,
 
W
a
s
h
i
n
g
t
o
n
,
 
D
.
C
.
 
.
2
0
0
1
6

,

4



p
W
a
s
t
S
a
l
 
4
w
w
e
r
e
d
:

i
s
 
l
e
o
t
i
m
m
s
m
a
l
l
e
i
s
s
l
 
b
r
i
e
f
l
y
w
i
t
h
 
u
n
i
t
o
p
e
r
a
t
i
o
n
s
;

t
h
a
t
 
i
s
,
.
o
b
j
e
c
t
i
v
e
s
 
a
n
d

e
n
a
l
y
v
i
s
 
o
f
 
u
n
i
t
 
o
p
e
r
a
t
i
o
n
s

i
m
e
t
e
d
w
g
e
w
.
t
r
a
n
s
f
e
r
,
 
i
o
n
 
t
r
a
n
s
f
i
x
,

c
h
e
s
i
c
a
l
c
o
a
g
u
l
a
t
i
o
n
,
 
c
h
e
m
i
c
a
l
p
r
e
c
i
p
i
t
a
t
i
o
n
,
 
i
o
n
 
e
x
c
h
a
n
g
e
,

s
o
l
u
t
e
 
s
t
a
b
i
l
i
s
a
t
i
o
n
,

s
o
l
i
d
s
 
t
r
a
n
s
f
e
r
 
b
y
s
t
r
a
i
n
i
n
g
,
 
s
e
d
i
m
e
n
t
a
t
i
o
n
,

f
l
o
t
a
t
i
o
n
 
a
n
d
 
f
i
l
t
r
a
t
i
o
n
.

N
O
.
 
O
F
 
L
E
C
T
U
R
E
 
H
O
U
R
S
:

1

,
'
"
I
t
'
m
i
l
l
.
a
l
s
o
 
h
e
e
l
e
d
s

a
 
d
i
s
c
u
s
s
i
o
n
 
o
n
 
n
u
t
r
i
e
n
t
o
r
 
m
o
l
e
c
u
l
a
r
 
t
r
a
n
s
f
e
r
 
a
n
d

i
n
t
e
r
f
a
c
i
a
l
 
c
o
n
t
a
c
t
.

A
l
s
o

t
a
c
l
e
d
e
d
 
w
i
l
l
 
b
e
e
 
b
e
l
i
e
f
d
i
s
c
u
s
s
i
o
n
 
o
f
 
m
e
t
h
o
d
s
 
o
f
s
o
l
i
d
s
 
c
o
n
c
e
n
t
r
a
t
i
o
n
e
n
s
 
s
t
a
b
i
l
i
z
a
t
i
o
n
.

T
h
e
 
c
o
o
r
d
i
n
a
t
i
o
n

o
f
 
m
e
l
t
 
w
a
t
e
r
l
e
s
s
 
w
i
l
l
b
e
 
d
i
s
c
a
n
u
e
d
 
w
i
t
h

r
e
g
a
r
d
 
t
o
 
w
a
s
t
e
w
a
t
e
r

t
r
e
a
t
m
e
n
t
.

I
n
 
a
d
d
i
t
i
o
n
,
 
a
 
b
r
i
e
f
d
i
s
c
u
s
s
i
o
n

s
w
i
n
e
t
e
r
-
r
e
n
o
v
e
t
l
e
a
 
o
r
t
e
r
t
i
a
r
y
 
t
r
e
a
t
m
e
n
t
 
w
i
l
l
 
b
e

I
n
c
l
u
d
e
d
.

,
T
W
e
s
t
u
r
e
t
 
Z
i
s
s
e
l
o
s
 
w
i
l
l
b
e
 
c
o
v
e
t
e
d
 
b
r
i
e
f
l
y

i
n
c
l
u
d
i
n
g
 
t
h
e
 
t
i
m
e
 
f
a
c
t
o
r
,

t
h
e
 
r
a
t
e
 
o
f
 
t
r
e
a
t
m
e
n
t

r
e
s
p
o
n
s
e
,

1
0
0
0
f
t
e
d
i
e
e
l
 
c
h
a
n
g
e
 
i
s
t
r
e
a
t
m
e
n
t
 
r
e
s
p
a
e
s
e
,
 
i
n
t
e
r
f
a
c
i
a
l
c
o
n
t
a
c
.
 
o
r
 
t
r
a
n
s
f
e
r
 
o
p
p
o
r
t
u
n
i
t
y
,

t
e
m
p
e
r
a
t
u
r
e

e
i
t
e
e
t
s
,
 
o
s
s
i
e
s
e
t
i
e
s
b
i
s
e
t
i
e
s
,
 
u
s
e
f
u
l
 
p
o
w
e
r

d
i
s
s
i
p
a
t
i
o
n
,
-
 
c
o
u
n
t
e
r
-
c
u
r
r
e
n
t
 
o
p
e
r
a
t
i
o
n
 
a
n
d

r
e
c
i
r
c
u
l
a
t
i
o
n
.

'
N
e
t
e
r
 
a
w
l
 
W
a
s
t
e
w
a
t
e
r
E
n
g
i
n
e
e
r
i
n
g
"
 
-
 
V
o
l
u
m
e

t
z
e
s
t
s
s
w
a
t
 
W
i
s
e
t
i
t
s

-
 
C
h
a
p
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p
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p
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.
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c
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c
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c
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c
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c
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c
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p
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e
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w
i
t
h
 
b
a
s
i
c

c
o
n
c
e
p
t
s
 
r
e
g
a
r
d
i
n
g

i
n
d
v
s
t
r
i
a
l
w
a
s
t
e
w
a
t
e
r
 
f
l
o
w
s
 
a
 
&
c
l
e
f

d
i
S
t
e
r
a
g
i
O
n
 
1
*
 
h
e
l
d
o
n
 
r
e
d
u
c
t
i
o
n
,

r
e
c
o
v
e
r
y
 
a
n
d
 
r
e
u
s
e
 
o
f

i
n
d
u
s
t
r
i
a
l
w
a
s
t
e
w
a
t
e
r
,
 
c
o
l
l
e
c
t
i
o
n
a
n
d
 
t
r
e
a
t
m
e
n
t
,

a
n
d
-

d
i
o
p
e
e
e
l
 
o
f
`
 
t
b
e
e
e
W
a
s
t
*
S
.

M
b
r
e
 
s
p
e
c
i
f
i
c
 
i
t

s
u
c
h
 
a
s
 
d
i
s
p
o
s
a
l

o
f
 
w
a
s
t
e
w
a
t
e
r

s
o
l
i
d
s
 
a
r
e
 
a
l
s
o

i
n
c
l
u
d
e
d
.

A
n
i
s
e
t
t
e
s
 
i
s

g
i
v
e
n
 
t
o
 
w
a
s
t
e
w
a
t
e
r
s
w
i
t
h
 
o
r
g
a
n
i
c

a
n
d
 
i
n
o
r
g
a
n
i
c

i
m
p
u
r
i
t
i
e
s
.

7



'
3
,
a
a
i
c
 
p
r
i
n
c
i
p
l
e
s
 
i
n
 
e
s
t
a
b
l
i
s
h
i
n
g
 
r
u
l
e
s
 
a
n
d
 
r
e
g
u
l
a
t
i
o
n
s
 
f
o
r
w
a
t
e
r
 
p
o
l
l
u
t
i
o
n
 
c
o
n
t
r
o
l
 
a
r
e
 
d
i
s
c
u
s
s
e
d
.

M
e
t
h
o
d
s
 
o
f
 
s
t
r
e
a
m
 
c
l
a
s
s
i
f
i
c
a
t
i
o
n
 
a
r
e
 
p
r
e
s
e
n
t
e
d
.

E
n
f
o
r
c
e
m
e
n
t
 
p
r
o
c
e
d
u
r
e
s
 
a
r
e
 
p
r
e
s
e
n
t
e
d
.

R
e
g
u
l
a
t
i
o
n
 
o
f

i
n
d
u
s
t
r
i
a
l
 
d
i
s
c
h
a
r
g
e
s
 
t
h
r
o
u
g
h
 
t
h
e
 
N
e
w
 
Y
o
r
k
 
S
t
a
t
e
 
o
u
t
f
a
l
l
 
r
e
g
i
s
t
r
a
t
i
o
n

p
r
o
g
r
a
m
 
I
s
 
c
o
v
e
r
e
d
.

R
e
l
a
t
i
o
n
s
h
i
p
 
a
n
d

r
o
l
e
 
o
f
 
Y
e
d
e
r
a
l
,
 
S
t
a
t
e
 
a
n
d
 
C
o
u
n
t
y
 
o
f
f
i
c
i
a
l
s
 
a
r
e
 
r
e
v
i
e
w
e
d
.

N
e
m
:
Y
o
r
k
 
S
t
a
t
e
 
S
a
n
i
t
a
r
y
 
C
o
d
e
.
-
 
P
a
r
t
 
7
3
 
a
n
d
 
P
a
r
t
 
7
5

2
.

E
r
i
e
 
C
o
u
n
t
y
 
S
a
n
i
t
a
r
y
 
C
o
d
e
-
 
P
r
i
v
a
t
e
 
S
e
w
o
g
e
 
D
i
s
p
o
s
a
l
 
R
e
g
u
l
a
t
i
o
n
s

w
t



C
O
U
R
S
E
 
0
1
1
T
I
Z
N
E

W
a
t
e
r
 
S
u
p
p
l
y
,
 
T
r
e
a
t
m
e
n
t
 
&
D
i
s
t
r
i
b
u
t
i
o
n

,
r
7

C
h
e
m
i
c
a
l
 
T
e
c
h
n
o
l
o
g
y
 
(
E
n
v
i
r
o
n
m
e
n
t
a
l

S
c
i
e
n
c
e
 
O
p
t
i
o
n
)

T
h
r
e
e
 
o
n
e
-
h
o
u
r
 
p
e
r
i
o
d
e

a
n
d
 
o
n
e
 
t
h
r
e
e
-
h
o
u
r
 
l
a
b

s
e
s
s
i
o
n
 
p
e
r
 
w
e
e
k
 
f
o
r
 
1
6
 
w
e
e
k
s

T
o
w
a
s
o
k
 
U
s
e
d
:

I
.
 
.
f
t
e
l
o
a
r
e
d
 
H
y
:

A
n
t
h
o
n
y
 
T
.
 
V
o
e
l
l
,
 
D
i
r
e
c
t
o
r

E
n
v
i
r
o
n
m
e
n
t
a
l
 
H
e
a
l
t
h
 
S
e
r
v
i
c
e
s
,

C
h
a
u
t
a
u
q
u
a
 
C
o
u
n
t
y

,
D
e
p
a
r
t
m
e
n
t
 
o
f
 
H
e
a
l
t
h

A
n
 
e
x
i
s
t
i
n
g
 
a
n
d
 
e
v
e
r
,
 
g
r
o
w
i
n
g

s
h
o
r
t
a
g
e
 
o
f
 
q
u
a
l
i
f
i
e
d
 
t
e
c
h
n
i
c
a
l

p
e
r
s
o
n
n
e
l
 
i
n

t
h
e
 
f
i
e
l
d
 
o
f
 
w
a
t
e
r
 
s
u
p
p
l
y
,

t
r
e
a
t
m
e
n
t
 
a
n
d
 
d
i
s
t
r
i
b
u
t
i
o
n
a
c
c
e
n
t
s
 
t
h
e
 
n
e
e
d
 
o
r
 
a

c
o
n
c
e
n
t
r
e
t
e
d
 
c
o
u
r
s
e
 
:
n
 
t
h
e
s
u
b
j
e
c
t
 
a
r
e
a
 
t
o
 
t
r
a
i
n
 
f
o
r
v
o
c
a
t
i
o
n
s
 
i
n
 
t
h
e

'
e
n
v
i
r
o
n
m
e
n
t
a
l
 
h
e
a
l
t
h
 
f
i
e
l
d
.

T
h
e
 
o
b
j
e
c
t
i
v
e
s
 
o
f
 
t
h
i
s
c
o
u
r
s
e
 
w
o
u
l
d
 
b
e
 
t
h
e

4
t
f
o
l
l
o
w
i
n
g
 
a
n
d
 
w
o
u
l
d
 
p
r
o
v
i
d
e
a
n
 
o
p
p
o
r
t
u
n
i
t
y
 
f
o
r
 
p
r
o
s
p
e
c
t
i
v
e
e
n
v
i
r
o
n
m
e
n
t
g
l
i
s
t
s
 
t
o
:

O
b
t
a
i
n
 
a
 
g
e
n
e
r
a
l
 
u
n
d
e
r
s
t
a
n
d
i
n
g
o
f
 
t
h
e
 
c
o
n
c
e
p
t
s
 
o
f
 
w
a
t
e
r
r
e
s
o
u
r
c
e
s
 
m
a
n
a
g
e
m
e
n
t
.

2
.

D
e
v
e
l
o
p
 
a
b
i
l
i
t
y
 
t
o

u
n
d
e
r
s
t
a
n
d
 
a
n
d
 
i
n
t
e
r
p
r
e
t
 
e
n
g
i
n
e
e
r
i
n
g
r
e
p
o
r
t
s
 
a
n
d
 
p
l
a
n
s

f
o
r
 
w
a
t
e
r
 
s
u
p
p
l
y
 
a
n
d

t
r
e
a
t
m
e
n
t
 
f
a
c
i
l
i
t
i
e
s
 
a
n
d
 
d
i
s
t
r
i
b
u
t
i
o
n

s
y
s
t
e
m
s
.

'
A
c
q
u
i
r
e
 
b
a
s
i
c
 
k
n
o
w
l
e
d
g
e
 
o
f

t
h
e
 
r
e
l
a
t
i
o
n
 
o
f
 
c
h
e
m
i
c
a
l
,

p
h
y
s
i
c
a
l
 
a
n
d

'
b
a
c
t
e
r
i
o
l
o
g
i
c
a
l
 
c
h
a
r
a
c
t
e
r
i
s
t
i
c
s

o
f
 
w
a
t
e
r
 
t
o
 
i
c
s

t
r
e
a
t
m
e
n
t
 
a
n
d
 
d
i
s
t
r
i
b
u
t
i
o
n
.

4
.
 
'
,
D
e
v
e
l
o
p
 
u
n
d
e
r
s
t
a
n
d
i
n
g

o
f
 
c
r
i
t
e
r
i
a
 
u
t
i
l
i
z
e
d
 
i
n
d
e
t
e
r
m
i
n
i
n
g
 
s
u
i
t
a
b
i
l
i
t
y

o
f
 
a
 
b
o
d
y
 
o
f
 
w
a
t
e
r
 
(
s
u
r
f
a
c
e
o
r
 
s
u
b
s
u
r
f
a
c
e
)
 
a
s
 
a
 
p
o
t
e
n
t
i
a
l
w
a
t
e
r
 
s
u
p
p
l
y
.

5
.

O
b
t
a
i
n
 
w
o
r
k
i
n
g
 
k
n
o
w
l
e
d
g
e
 
o
f

u
n
i
t
 
p
r
o
c
e
s
s
e
s
 
i
n
 
w
a
t
e
r

t
r
e
a
t
m
e
n
t
,
 
t
h
e
i
r

o
p
e
r
a
t
i
o
n
 
a
n
d
 
m
a
i
n
t
e
n
a
n
c
e
.

-
%

-
 
-

D
e
v
e
l
o
p
 
g
e
n
e
r
a
l
 
u
n
d
e
r
s
t
a
n
d
i
n
g
o
f
 
f
a
c
t
o
r
s
 
i
n
v
o
l
v
e
d

i
n
 
d
e
s
i
g
n
i
n
g
\
w
a
t
e
r

t
r
e
a
t
m
e
n
t
 
a
n
d
 
d
i
s
t
r
i
b
u
t
i
o
n

s
y
s
t
e
m
s
.

H
a
v
e
 
e
x
p
o
s
u
r
e
 
t
o
 
w
a
t
e
r
s
u
p
p
l
y
 
s
y
s
t
e
m
s
 
i
n
 
r
e
c
r
e
a
t
i
o
n
a
r
e
a
s
 
a
n
d
 
p
r
i
v
a
t
e
 
s
y
s
t
e
m
s
.

1
.
t
.

D
e
v
e
l
o
p
 
a
n
 
a
b
i
l
i
t
y
 
t
o
 
p
r
o
p
e
r
l
y

e
v
a
l
u
a
t
e
 
w
a
t
e
r
 
s
u
p
p
l
y
 
s
y
s
t
e
m
s
.

9
.

A
c
q
u
i
r
e
 
g
e
n
e
r
a
l
 
k
n
o
w
l
e
d
g
e
 
o
f

e
x
i
s
t
i
n
g
 
S
t
a
t
e
 
a
n
d
 
F
e
d
e
r
a
l
 
l
a
w
s

g
o
v
e
r
n
i
n
g

'
w
a
t
e
r
 
s
u
p
p
l
y
.
s
y
s
t
e
m
s
.

,



S
U
B
J
E
C
T
 
C
O
V
E
R
E
D

F
i
e
l
d
 
T
r
i
p
 
f
o
r
 
P
r
e
l
i
m
i
n
a
r
y
 
O
b
s
e
r
v
a
t
i
o
n
 
o
f
 
W
a
t
e
r
 
T
r
e
a
t
m
e
n
t
 
P
l
a
n
t
,
 
S
u
p
p
l
y

a
n
d
 
D
i
s
t
r
i
b
u
t
i
o
n
 
S
y
s
t
e
m
.

C
l
a
s
s
 
P
r
o
b
l
e
m
 
i
s
 
A
s
s
i
g
n
e
d
 
f
o
r
 
G
a
t
h
e
r
i
n
g
 
B
a
s
i
c
 
I
n
f
o
r
m
a
t
i
o
n

o
n
 
P
o
p
u
l
a
t
i
o
n
,

:
w
a
t
e
r
 
D
e
m
a
n
d
s
,
 
e
t
c
.
 
P
r
e
l
i
m
i
n
a
r
y
 
t
o
 
S
y
s
t
e
m
 
D
e
s
i
g
n
.

-
 
F
i
e
l
d
 
T
r
i
p
 
t
o
 
O
b
s
e
i
V
e
 
'
E
x
a
m
p
l
e
s
 
o
f
 
B
o
t
h
 
S
u
r
f
a
c
e
 
a
n
d
 
G
r
o
u
n
d
w
i
t
e
r
 
S
u
p
p
l
i
e
s
.

e
o

0
0

L
a
b
o
r
a
t
o
r
y
 
E
x
a
m
i
n
a
t
i
o
n
 
o
f
 
S
a
m
p
l
e
s
 
o
f
 
W
a
t
e
r
 
w
i
t
h
 
T
a
s
t
e
 
a
n
d
 
O
d
o
r
 
O
r
g
a
n
i
s
m
s
,

P
r
e
s
e
n
t
.

I
n
 
A
d
d
i
t
i
o
n
,
 
a
 
G
u
e
s
t
 
L
e
c
t
u
r
e
r
 
C
o
u
l
d
 
h
e
 
U
t
i
l
i
z
e
d
 
t
o
 
D
i
s
c
u
s
s
 
t
h
e

T
a
s
t
e
 
a
n
d
 
O
d
o
r
 
P
r
o
b
l
e
m

,
-

F
i
e
l
d
 
T
r
i
p
 
,
t
o
 
O
b
s
e
r
v
e
 
S
p
e
c
i
f
i
c
a
l
l
y
 
M
e
t
h
o
d
s
 
o
f
 
S
e
d
i
m
e
n
t
a
t
i
o
n
 
a
n
d
 
C
o
a
g
u
l
a
t
i
o
n

I
n
'
W
a
t
e
r
 
T
r
e
a
t
m
e
n
t
.

C
l
a
s
s
 
P
r
o
b
l
e
m
 
A
s
s
i
g
n
e
d
 
t
o
 
D
e
v
e
l
o
p
 
D
a
t
a
 
f
o
r
 
S
e
d
i
m
e
n
t
a
t
i
o
n

a
n
d
 
C
o
a
g
u
l
a
t
i
o
n
 
U
n
i
t
 
O
p
e
r
a
t
i
o
n
s
.
 
;
I
n
f
o
r
m
a
t
i
o
n
 
o
f
 
F
l
o
w
s
 
a
n
d
 
W
a
t
e
r
 
Q
u
a
l
i
t
y

G
i
v
e
n
.

F
i
e
l
d
 
T
r
i
p
 
t
o
 
b
b
s
e
r
n
e
 
V
a
r
i
o
u
s
 
M
e
t
h
o
d
s
 
o
f
 
W
a
t
e
r
 
F
i
l
t
r
a
t
i
o
n
 
I
n
c
l
u
d
i
n
g
 
M
i
x
e
d

M
e
d
i
a
,
,
S
a
n
d
 
a
n
d
 
D
i
a
t
o
m
a
c
e
o
u
s
 
E
a
r
t
h
.

G
u
e
s
t
 
1
.
6
c
t
u
r
e
r
o
n
 
C
h
l
o
r
i
n
e
 
S
a
f
e
t
y
 
a
n
d
 
U
s
e
 
i
n
 
W
a
t
e
r
 
T
r
e
a
t
m
e
n
t
 
P
l
a
n
t
s
.

F
i
e
l
d
 
T
r
i
p
 
t
o
 
O
b
s
e
r
v
e
 
V
a
r
i
o
u
s
 
S
p
e
c
i
a
l
 
T
r
e
a
t
m
e
n
t
 
M
e
t
h
o
d
s
 
f
o
r
 
W
a
t
e
r
 
U
s
e
d
 
i
n

I
n
d
u
s
t
r
y
,
 
F
l
o
u
r
i
d
a
t
i
o
n
,
 
C
o
r
r
o
s
i
o
n
 
C
o
n
t
r
o
l
,
 
e
t
c
.

G
u
e
s
t
 
L
e
c
t
u
r
e
r
 
o
n
 
L
a
b
o
r
a
t
o
r
y
 
E
x
a
m
i
n
a
t
i
o
n
s
 
a
t
 
W
a
t
e
r
 
T
r
e
a
t
m
e
n
t
 
P
l
a
n
t
s
 
a
n
d

V
i
s
i
t
 
t
o
 
W
a
t
e
r
 
P
l
a
n
t
 
L
a
b
o
r
a
t
o
r
y
 
t
o
 
O
b
s
e
r
v
e
 
O
p
e
r
a
t
i
o
n
s
.

C
l
a
s
s
 
P
r
o
b
l
e
m
 
o
n
 
S
i
z
i
n
g
 
o
f
 
P
u
m
p
s
 
f
o
r
 
W
a
t
e
r
 
S
y
s
t
e
m
s

-
 
L
o
w
 
L
i
f
t
,
 
H
i
g
h
 
L
i
f
t

a
n
d
 
B
o
o
s
t
e
r
 
P
u
m
p
s
.

G
u
e
s
t
 
L
e
c
t
u
r
e
r
 
o
n
 
t
h
e
 
U
s
e
 
o
f
 
C
o
m
p
u
t
e
r
 
P
r
o
g
r
a
m
s
 
i
n
 
t
h
e
 
D
e
s
i
g
n
 
o
f
 
W
a
t
e
r

D
i
s
t
r
i
b
u
t
i
o
n
 
S
y
s
t
e
m
s
.

G
u
e
s
t
 
L
e
c
t
u
r
e
r
 
o
n
 
S
a
f
e
t
y
 
a
n
d
 
E
m
e
r
g
e
n
c
y
 
P
r
o
c
e
d
u
r
e
s
 
R
e
l
a
t
i
v
e
 
t
o
 
W
a
t
e
r
 
W
o
r
k
s
.

1
3

F
i
e
l
d
 
E
x
e
r
c
i
s
e
 
o
n
 
t
h
e
 
E
v
a
l
u
a
t
i
o
n
 
o
f
 
O
p
e
r
a
t
i
o
n
 
a
n
d
 
M
a
i
n
t
e
n
a
n
c
e
 
o
f
 
W
a
t
e
r
 
S
u
p
p
l
y

S
y
s
t
e
m
s
.
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a
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;1
u
p
p
l
y
 
S
y
s
t
e
m
.
 
'

*
i
'
S
q
P

ie
ta

E
x
e
r
c
i
s
e
o
n
 
t
h
e
.
 
E
v
a
l
u
a
t
i
o
n

S
O
p
e
r
a
t
i
o
n
 
a
n
d
M
a
i
u
t
e
n
a
n
c
e
 
o
f
W
a
t
e
r

.
,
,

.

-
'
i
n
 
R
e
c
r
e
a
t
i
o
n
a
l
A
r
e
a
s
.

Y
i
e
l
d
 
E
x
e
r
c
i
s
e

o
n
 
e
v
a
l
u
a
t
i
o
n
 
o
f
P
r
i
v
a
t
e
 
W
a
t
e
r
S
u
p
p
l
y
 
S
y
s
t
e
m
s
 
a
n
d

S
y
s
t
e
m
s

.
.

.
.
.
.

;
.
.
*
f
i
t
 
L
e
c
t
u
r
e
r
o
n
.
 
R
o
l
e
 
o
f
 
A
g
e
n
c
i
e
s
i
n
 
W
a
t
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r
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c
h
e
m
i
c
a
l

e
q
u
i
l
i
b
r
i
u
m
,
b
v
d
r
a
t
e
s
,
 
t
h
e
 
n
o
r
m
a
l

s
y
s
t
e
m
,
 
h
y
d
r
o
g
e
n

i
o
n
 
c
o
n
c
e
n
t
r
a
t
i
o
n

(
p
H
)
,
 
a
c
i
d
s
,

b
a
s
e
s
,
,
s
a
l
t
s
,

a
c
i
d
i
t
y
 
a
n
d

a
l
k
a
l
i
n
i
t
y
,
.
.
 
c
o
l
l
o
i
d
s

a
n
d
 
c
o
a
g
u
l
a
t
i
o
n
.

N
O
.
 
O
F
 
L
E
C
T
U
R
E
.
H
O
U
R
S
:

A
t
e
f
t
r
e
n
c
e
s
:

1
.

"
M
a
n
u
a
l
 
o
f
 
W
a
t
e
r
U
t
i
l
i
t
y
 
O
p
e
r
a
t
i
o
n
s
'

-
 
C
h
a
p
t
e
r
 
6
-
 
W
a
t
e
r
 
C
h
e
m
i
s
t
r
y
'

2
.

"
M
a
n
u
a
l
 
o
f

I
n
s
t
r
u
c
t
i
o
n
 
f
o
r
W
a
t
e
r
 
T
r
e
a
t
m
e
n
t

P
l
a
n
t
 
O
p
e
r
a
t
o
r
s
"
-
 
C
h
a
p
t
e
r
 
4
 
-
 
W
a
t
e
r

C
h
e
m
i
s
t
r
y

C
O



N
O
.
 
O
F
 
L
E
C
T
U
R
E
 
H
O
U
R
S
:

T
h
e
e
m
.
l
e
c
t
u
r
e
e
'
p
r
e
e
e
n
t
 
a
 
d
i
s
e

w
h
i
c
h
 
r
e
q
u
i
r
e
 
t
h
i
s
p
r
e
-
t
r
e
a
t
m
e
n
t
.

W
e
s
i
o
n
 
o
n
 
t
h
e

d
i
f
f
e
r
e
n
t
 
m
e
t
h
o
d
s
 
o
f

p
r
e
-
t
r
e
a
t
m
e
n
t
 
o
f
 
w
a
t
e
r
 
a
n
d
 
t
h
e

r
e
a
s
o
n
s

N
e
f
e
r
a
u
c
e
s
:

c
v
.
z
r

2
.

"
M
e
m
e
l
 
o
f
 
W
a
t
e
r
U
t
i
l
i
t
y
 
O
p
e
r
a
t
i
o
n
s
"
 
-

C
h
a
p
t
e
r
 
7
 
-
 
P
r
e
-
T
r
e
a
t
m
e
n
t

o
f
 
W
a
t
e
r

:
-
.
.
.
.
r
.
t
r
.

t
!
,
:
,
:
i
.
,
,
-
:
'
-
.

i
: :

:"
.Z

.-
--

'7
 7

:
.
' '

''' 
'''

Z
 7

r' 
'.

...
7

- 
'

'),
3;

?a
,;1

7,
T



M
a
t
e
r
i
a
l
 
C
o
v
e
r
 
-
d
:

T
h
e
s
e
 
l
e
c
t
u
r
e
s
 
w
i
l
l
 
d
e
a
l
 
w
i
t
h
 
t
h
e
 
s
p
e
c
i
f
i
c
 
p
r
o
c
e
s
s
e
s
 
o
f
 
c
o
a
g
u
l
a
t
i
o
n
 
a
n
d
 
s
e
d
i
m
e
n
t
a
t
i
o
n
 
i
n
 
w
a
t
e
r

t
r
e
a
t
m
e
n
t
.
-

A
l
s
o
 
i
n
c
l
u
d
e
d
 
i
n
 
t
h
i
s
 
d
i
s
c
u
s
s
i
o
n
 
w
i
l
l
 
b
e
 
a
 
r
e
v
i
e
w
 
o
f
 
c
o
a
g
u
l
a
t
i
n
g
 
c
h
e
m
i
c
a
l
s
 
a
n
d
 
t
h
e
 
m
e
c
h
a
n
i
s
m
 
o
f
 
c
o
a
g
u
l
a
t
i
o
n
,

p
h
y
s
i
c
a
l
 
f
a
c
i
l
i
t
i
e
s
 
u
s
e
d
 
f
o
r
 
c
o
a
g
u
l
a
t
i
o
n
,
 
a
n
d
 
t
h
e
 
c
o
n
t
r
o
l
 
o
f
 
c
o
a
g
u
l
a
t
i
o
n
.

I
n
 
a
d
d
i
t
i
o
n
,
 
t
h
e
 
p
r
o
c
e
s
s
 
o
f
 
s
e
d
i
m
e
n
t
a
t
i
o
n
 
w
i
l
l
 
b
e
 
i
n
v
e
s
t
i
g
a
t
e
d
.
i
n
c
l
u
d
i
n
g
 
a
 
l
o
o
k
 
a
t
 
t
h
e
 
s
e
t
t
l
i
n
g
 
v
e
l
o
c
i
t
i
e
s

o
f
 
d
i
s
c
r
e
t
e
 
p
a
r
t
i
c
l
e
s
,
 
h
i
n
d
e
r
e
d
 
s
e
t
t
l
i
n
g
 
o
f
 
d
i
s
c
r
e
t
e
 
p
a
r
t
i
c
l
e
s
,
 
s
e
t
t
l
i
n
g
 
o
f
 
f
l
o
c
c
u
l
e
n
t
 
s
u
s
p
e
n
s
i
o
n
s
,
 
e
f
f
i
c
i
e
n
c
y

o
f
 
a
n
 
i
d
e
a
l
 
s
e
t
t
l
i
n
g
 
b
a
s
i
n
,
 
r
e
d
u
c
t
i
o
n
 
i
n
 
s
e
t
t
l
i
n
g
'
 
e
f
f
i
c
i
e
n
c
y
 
b
y
 
c
u
r
r
e
n
t
s
,
 
s
h
o
r
t
 
c
i
r
c
u
i
t
i
n
g
 
a
n
d

b
a
s
i
n
 
s
t
a
b
i
l
i
t
y
,

s
c
o
u
r
 
o
f
 
b
o
t
t
o
m
 
d
e
p
o
s
i
t
s
,
 
a
n
d
 
i
m
p
r
o
v
e
m
e
n
t
 
i
n
 
s
e
d
i
m
e
n
t
a
t
i
o
n
 
b
y
 
s
t
i
r
r
i
n
g
.

A
 
b
r
i
e
f
 
l
o
o
k
 
w
i
l
l
 
b
e
 
t
a
k
e
n
 
a
t
 
t
h
e
 
e
l
e
m
e
n
t
s
 
o
f
 
s
e
t
t
l
i
n
g
 
t
a
n
k
 
d
e
s
i
g
n
 
a
n
d
 
t
h
e
 
g
e
n
e
r
a
l
 
d
i
m
e
n
s
i
o
n
s
 
o
f
 
s
e
t
t
l
i
n
g

t
a
n
k
s
 
a
s
 
w
e
l
l
 
a
s
 
s
l
u
d
g
e
 
r
e
m
o
v
a
l
,
 
i
n
l
e
t
 
a
n
d
 
o
u
t
l
e
t
 
h
y
d
r
a
u
l
i
c
s
,
 
c
o
m
m
o
n
 
t
a
n
k
 
l
o
a
d
i
n
g
s
 
a
n
d
 
d
e
t
e
n
t
i
o
n

p
e
r
i
o
d
s
 
a
n
d

t
a
n
k
 
p
e
r
f
o
r
m
a
n
c
e
.

'
4
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l
e
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r
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c
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u
:
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"
W
a
t
e
r
 
a
n
d
 
W
a
s
t
e
w
a
t
e
r
 
E
n
g
i
n
e
e
r
i
n
g
"
 
-
 
V
o
l
u
m
e
 
2
 
-
 
C
h
a
p
t
e
r
 
2
5

-
 
S
e
d
i
m
e
n
t
a
t
i
o
n

"
M
a
n
u
a
l
 
o
f
a
t
e
r
 
U
t
i
l
i
t
y
 
O
p
e
r
a
t
i
o
n
s
"

C
h
a
p
t
e
r
 
8
 
-
 
C
o
a
g
u
l
a
t
i
o
n
 
a
n
d
 
S
e
d
i
m
e
n
t
a
t
i
o
n

"
M
a
n
u
a
l
 
o
f
,
I
n
s
t
r
u
c
t
i
o
n
 
f
o
r
 
W
a
t
e
r
 
T
r
e
a
t
m
e
n
t
 
P
l
a
n
t
 
O
p
e
r
a
t
o
r
s
"

-
 
C
h
a
p
t
e
r
 
6
 
-
 
W
a
t
e
r
 
Q
u
a
l
i
t
y



M
a
t
e
r
i
a
l
.
 
C
o
v
e
r
e
d
:

N
O
.
 
O
F
 
L
E
C
T
U
R
E
 
H
O
U
R
S
:

A
 
b
r
i
e
f
 
h
i
s
t
o
r
y
 
o
f

t
h
e
 
u
s
e
 
o
f
 
f
i
l
t
r
a
t
i
o
n

i
n
 
w
a
t
e
r
 
t
r
e
a
t
m
e
n
t
 
i
s

p
r
e
s
e
n
t
e
d
.

D
i
f
f
e
r
e
n
t
 
a
s
p
e
c
t
s
 
o
f

r
a
p
i
d

s
a
n
d
 
f
i
l
t
e
r
s
 
a
r
e
 
c
o
v
e
r
e
d

i
n
c
l
u
d
i
n
g
 
t
h
e
 
p
h
y
s
i
c
a
l

a
r
r
a
n
g
e
m
e
n
t
,
 
p
r
o
d
u
c
t
i
o
n
 
s
y
s
t
e
m
,
 
f
i
l
t
e
r

m
a
t
e
r
i
a
l
,
 
b
a
r
r
i
e
r

m
e
d
i
u
m
,
 
u
n
d
e
r
 
d
r
a
i
n
 
s
y
s
t
e
m
,
a
n
d
 
e
f
f
l
u
e
n
t
 
p
i
p
i
n
g
.

T
h
e
 
f
i
l
t
e
r
 
c
l
e
a
n
i
n
g

m
e
d
i
a
 
i
s
 
a
l
s
o
 
d
i
s
c
u
s
s
e
d

i
n
c
l
u
d
i
n
g
 
t
h
e

d
i
s
p
e
r
s
i
o
n
 
m
e
d
i
u
m
,
 
w
a
s
h
w
a
t
e
r
 
t
r
o
u
g
h
s
,
 
s
e
v
e
r

p
i
p
i
n
g
,
 
s
u
r
f
a
c
e
 
w
a
s
h
 
a
n
d
 
m
e
t
h
o
d

f
o
r
 
w
a
s
h
i
n
g
 
f
i
l
t
e
r
s
.

A
l
s
o
 
c
o
v
e
r
e
d
 
i
n
 
-
t
h
e
s
e
l
e
c
t
u
r
e
s
 
i
s
.
t
h
e
 
f
i
l
t
e
r

c
o
n
t
r
o
l
 
a
n
d
 
i
n
s
t
r
u
m
e
n
t

s
y
s
t
e
m
,
 
m
i
x
e
d
 
b
e
d
 
f
i
l
t
e
r
s
,
 
d
i
a
t
o
m
i
t
e

t
e
r
m
 
a
n
d
 
p
r
e
s
s
u
r
e
 
f
i
l
t
e
r
s
.
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l
e
f
e
r
e
n
c
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1
.

N
i
t
e
r
 
a
c
d
 
W
a
s
t
e
w
a
t
e
r
E
n
g
i
n
e
e
r
i
n
g
"
 
-
 
V
o
l
u
m
e
 
2
 
-

C
h
a
p
t
e
r
 
2
7
 
-
 
F
i
l
t
r
a
t
i
o
n

.
2
.

"
M
a
n
u
a
l
 
o
f
 
W
a
t
e
r
 
U
t
i
l
l
t
v
O
p
e
r
s
t
l
_
r
n
e
"

-
 
F
i
l
t
r
a
t
i
o
n

"
M
a
n
u
a
l
 
o
f
.
I
n
s
t
r
u
c
t
i
o
n

f
o
r
 
W
a
t
e
r
 
T
r
e
a
t
m
e
n
t
 
O
p
e
r
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t
o
r
s
"
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C
h
a
p
t
e
r
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F
i
l
t
r
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t
i
o
n



N
O
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2
1
 
&
 
2
2

N
O
.
 
O
F
 
L
E
C
T
U
R
E
 
H
O
U
R
S
:

1

T
h
i
s
 
l
e
c
t
u
r
e
 
w
i
l
l
 
c
o
v
e
r
 
t
h
e
-
d
i
s
i
n
f
e
c
t
i
o
n
p
r
o
c
e
s
s
 
a
n
d
 
d
i
f
f
e
r
e
n
t
 
t
y
p
e
s
 
o
f

d
i
s
i
n
f
e
c
t
a
n
t
s
.

D
i
s
i
n
f
e
c
t
i
o
n
-
b
y

h
e
a
t
,
 
l
i
g
h
t
,
 
a
n
d
 
c
h
e
m
i
c
a
l

d
i
s
i
n
f
e
c
t
a
n
t
s
 
w
i
l
l
 
b
e
 
z
o
v
e
r
e
d
 
i
n

t
h
e
s
e
 
d
i
s
c
u
s
s
i
o
n
s
.

T
h
e
 
t
h
e
o
r
y
 
o
f
 
c
h
e
m
i
c
a
l

d
i
s
i
n
f
e
c
t
i
o
n
 
w
i
l
l
 
b
e
 
b
r
i
e
f
l
y
 
d
i
s
c
u
s
s
e
d

a
s
 
w
e
l
l
 
a
s
 
t
h
e
 
k
i
n
e
t
i
c
s
 
o
f
 
c
h
e
m
i
c
a
l

d
i
s
i
n
f
e
c
t
i
o
n
:
 
:
D
i
s
i
n
f
e
c
t
i
o
n
b
y
 
t
h
e

u
s
e
 
o
f
 
c
h
l
o
r
i
n
e
 
c
o
m
p
o
u
n
d
s
-
w
i
l
l
b
e
 
c
u
v
e
r
e
d
-
e
x
t
e
i
s
i
v
e
l
y
b
e
c
a
u
s
e
 
o
f
 
t
h
e
 
w
i
d
e
u
s
e
 
o
f
 
t
h
i
s
 
c
h
e
m
i
c
a
l
 
i
n
 
w
a
t
e
r

-
t
r
e
a
t
m
e
n
t
.
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c
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t
e
r
 
a
n
d
 
W
a
s
t
e
w
a
t
e
r
 
E
n
g
i
n
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r
i
n
g
"

-
 
V
o
l
u
m
e
 
2
 
-
 
C
h
a
p
t
e
r
 
3
1
 
-
 
D
i
s
i
n
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e
c
t
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o
n
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.

"
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a
m
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o
f
 
W
a
t
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r
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t
i
l
i
t
y
 
O
p
e
r
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t
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n
s
"

-
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h
a
p
t
e
r
 
1
0
 
-
 
D
i
s
i
n
f
e
c
t
i
o
n
 
o
f
 
W
a
t
e
r

-
,
.
.
T
3
.
'
"
N
e
n
u
n
l
 
o
f
 
I
n
s
t
r
u
c
t
i
o
n
f
o
r
 
W
a
t
e
r
 
T
r
e
a
t
m
e
n
t
 
P
l
a
n
t
 
O
p
e
r
a
t
o
r
s
"

-
 
C
h
a
p
t
e
r
 
1
0
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C
h
l
o
r
i
n
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t
i
o
n
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A
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F

L
E
C
T
U
R
E
 
H
O
U
R
S
:

2

M
a
t
e
r
i
a
l
 
C
o
v
e
r
e
d
:

A
l
l
i
e
t
h
o
d
s
 
o
f
s
p
e
c
i
a
l
 
t
r
e
a
t
m
e
n
t

f
o
r
 
w
a
t
e
r
s
u
p
p
l
i
e
s
 
a
r
e
c
o
v
e
r
e
d
 
i
n

t
h
e
s
e
 
l
e
c
t
u
r
e
s
.

A
 
d
i
s
c
u
s
s
i
o
n
o
f
 
t
h
e

c
a
u
s
e
s

o
f
 
h
a
r
d
w
a
t
e
r
 
a
n
d
 
t
h
e
p
r
o
c
e
s
s
 
o
f
 
w
a
t
e
r

s
o
f
t
e
n
i
n
g
 
i
s

i
n
c
l
u
d
e
d
.

A
l
s
o
 
i
n
c
l
u
d
e
d
a
r
e
 
m
e
t
h
o
d
s

o
f
 
i
r
o
n
 
a
n
d
m
a
n
g
a
n
e
s
e

r
e
m
o
v
a
l
,
 
r
e
m
o
v
a
l
o
f
 
d
i
s
s
o
l
v
e
d
e
a
s
e
s
,
 
r
e
m
o
v
a
l
 
o
f
c
o
l
o
r
,
 
f
l
o
r
i
d
a
t
i
o
n
o
f
 
p
u
b
l
i
c

w
a
t
e
r
 
s
u
p
p
l
i
e
s
,

c
o
r
r
o
s
i
o
n
c
o
n
t
r
o
l
,

t
r
e
a
t
m
e
n
t
 
o
f
b
o
i
l
e
r
t
e
e
d
w
a
t
e
r
,

p
r
o
c
e
s
s
 
w
a
t
e
r
,
 
a
n
d
o
t
h
e
r
m
i
s
c
e
l
l
a
n
e
o
u
s
w
a
t
e
r
 
t
r
e
a
t
m
e
n
t
f
o
r
 
i
n
d
u
s
t
r
i
a
l

u
s
e
s
.

A
 
b
r
i
e
f
d
i
s
c
u
s
s
i
o
n
 
i
s
h
e
l
d
 
a
n
t
r
e
a
t
m
e
n
t
 
o
f
w
a
t
e
r
s
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o
n
t
a
i
n
i
n
g

r
a
d
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o
a
c
t
i
v
e
m
a
t
e
r
i
a
l
s
.

7
e

1
.

"
M
a
n
u
a
l
 
o
f
W
a
t
e
r
U
t
i
l
i
t
y
 
O
p
e
r
a
t
i
o
n
s
"
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h
a
p
t
e
r

1
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-
S
p
e
c
i
a
l
 
T
r
e
a
t
m
e
n
t

2
.

"
M
a
n
u
a
l
 
o
f
I
n
s
t
r
u
c
t
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o
n
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o
r
H
a
t
e
r
 
T
r
e
a
t
m
e
n
t
T
i
e
n
t
O
p
e
r
a
t
o
r
s
"

C
h
a
p
t
e
r
 
1
1
 
°
-
S
o
f
t
e
n
i
n
g

C
h
a
p
t
e
r
 
1
2
 
-

A
e
r
a
t
i
o
n

C
h
a
p
t
e
r
 
1
3
 
-
I
r
o
n
 
a
n
d
M
a
n
g
a
n
e
s
e

C
h
a
p
t
e
r
 
1
5
 
-
C
o
r
r
o
a
i
a
n
 
a
n
d

C
o
r
r
o
s
i
o
n
C
o
n
t
r
o
l
,
.

C
h
a
p
t
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r
 
1
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-
F
l
o
r
i
d
a
t
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o
n



B
r
i
e
f
 
d
i
s
c
u
s
s
i
o
n
s

a
r
e
 
h
e
l
d
 
o
n
-
t
h
e

M
a
t
e
r
i
a
l
 
c
o
v
e
r
e
d
 
w
i
l
l
 
i
n
c
l
u
d
e
:

N
O
.
 
O
F
 
L
E
C
T
U
R
E
 
H
O
U
R
S
:

t
y
p
e
s
 
o
f
 
l
a
b
o
r
a
t
o
r
y
 
e
x
a
m
i
n
a
t
i
o
n
s

p
e
r
f
o
r
m
e
d
 
a
t
 
w
a
t
e
r

t
r
e
a
t
m
e
n
t
 
p
l
a
n
t
s
.

s
a
m
p
l
e
 
c
o
l
l
e
c
t
i
o
n

s
a
m
p
l
i
n
g
 
m
e
t
h
o
d
s

s
t
o
r
a
g
e
 
o
f
 
s
a
m
p
l
e
s

A
l
s
o
 
c
o
v
e
r
e
d
.
w
i
l
l
 
b
e
:

-
11

- 
A

r

g
l
a
s
s
w
a
r
e
 
p
r
e
p
a
r
a
t
i
o
n

M
e
d
i
a
 
p
r
e
p
a
r
a
t
i
o
n

d
i
f
f
e
r
e
n
t
 
t
y
p
e
s
 
o
f
 
c
u
l
t
u
r
e
m
e
d
i
a

B
r
i
e
f
 
e
x
p
o
s
u
r
e
 
w
i
l
l
b
e
 
g
i
v
e
n
 
t
o
 
t
e
s
t
s
 
f
o
r
m
e
m
b
e
r
s
 
o
f
 
t
h
e
 
c
o
l
i
f
o
r
m
g
r
o
u
p
 
a
s
 
w
e
l
l
 
a
s
 
m
e
t
h
o
d
s
 
f
o
r
m
e
a
s
u
r
i
n
g

h
e
 
d
e
n
s
i
t
y
 
o
f
 
c
o
l
i
f
o
r
a
v
o
u
p
s
.

A
n
a
l
y
s
i
s
 
f
o
r
 
f
e
c
a
l

s
t
r
e
p
t
o
c
o
c
c
a
l
 
g
r
o
u
p
 
w
i
l
l
 
a
l
s
o
b
e
 
i
n
c
l
u
d
e
d
.

P
h
y
s
i
c
a
l
 
t
e
s
t
s
 
w
h
i
c
h
w
i
l
l
 
b
e
 
r
e
v
i
e
w
e
d
 
b
r
i
e
f
l
y
w
i
l
l
 
i
n
c
l
u
d
e
 
c
o
l
o
r
,

f
i
l
t
e
r
 
s
a
n
d
 
c
h
a
r
a
c
t
e
r
i
s
t
i
c
s
,

p
H
,

.
t
e
s
t
s
 
f
o
r
 
t
a
s
t
e
s
 
a
n
d
o
d
o
r
s
,
 
t
e
m
p
e
r
a
t
u
r
e
,

a
n

t
u
r
b
i
d
i
t
y
.

C
h
e
m
i
c
a
l
 
t
e
s
t
s
 
w
h
i
c
h
 
w
i
l
l
b
e
 
r
e
v
i
e
w
e
d
 
w
i
l
l
 
i
n
c
l
I
d
e
a
l
k
a
l
i
n
i
t
y
,
 
a
c
i
d
i
t
y
;

c
h
l
o
r
i
d
e
s
,
 
c
h
l
o
r
i
n
e
 
r
e
s
i
d
u
a
l
,

f
l
o
r
i
d
e
s
,
 
t
o
t
a
l
 
h
a
r
d
n
e
s
s
,

a
n
d
 
s
u
l
f
a
t
e
s
.
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e
f
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n
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e
:

1
.

"
M
a
n
u
a
l
 
o
f
 
W
a
t
e
r
 
U
t
i
l
i
t
y
O
p
e
r
a
t
i
o
n
s
"
 
-
 
C
h
a
p
t
e
r
1
2
 
-
 
L
a
b
o
r
a
t
o
r
y
 
E
x
a
m
i
n
a
t
i
o
n
s

2
.

"
W
a
t
e
r
 
a
n
d
 
W
a
s
t
e
w
a
t
e
r

E
n
g
i
n
e
e
r
i
n
g
"
 
-
 
V
o
l
u
m
e
 
2

-
 
C
h
a
p
t
e
r
 
2
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-
 
E
x
a
m
i
n
a
t
i
o
n
 
o
f
W
a
t
e
r
 
a
n
d
 
W
a
s
t
e
w
a
t
e
r

3
.

"
M
a
n
u
a
l
 
o
f
 
I
n
s
t
r
u
c
t
i
o
n
 
f
o
r
W
a
t
e
r
 
T
r
e
a
t
m
e
n
t
 
P
l
a
n
t
 
O
p
e
r
a
t
o
r
s
"

-
 
C
h
a
p
t
e
r
 
2
1
 
-
 
L
a
b
o
r
a
t
o
r
y

E
x
a
m
i
n
a
t
i
o
n
s



W
i
t
e
r
i
a
l
 
C
o
v
e
r
e
d
:

A
i
n
t
r
o
c
b
c
t
i
o
n
 
i
s
 
g
i
v
e
n
 
t
o
 
p
u
m
p
s
 
a
n
d
 
m
e
a
s
u
r
e
m
e
n
t
 
o
f
 
p
u
m
p
s
 
i
n
 
t
h
e
s
e
 
l
e
c
t
u
r
e
s
.

T
h
e
 
f
a
c
t
o
r
s
 
a
f
f
e
c
t
i
n
g

p
u
m
p
 
s
e
l
e
c
t
i
o
n
 
a
r
e
 
d
i
s
c
u
s
s
e
d
 
a
s
 
w
e
l
l
 
a
s
 
p
u
m
p
 
n
o
m
e
n
c
l
a
t
u
r
e
.

f
u
n
d
a
m
e
n
t
a
l
 
t
e
r
m
s
 
r
e
g
a
r
d
i
n
g
 
p
u
m
p
s
 
a
r
e
 
d
i
s
c
u
s
s
e
d
.

P
o
w
e
r
 
s
o
u
r
c
e
s
 
f
o
r
 
s
u
p
p
l
y
i
n
g
 
p
o
w
e
r
 
t
o
 
p
u
m
p
s
 
a
r
e
 
c
o
v
e
r
e
d
 
i
n
 
t
h
e
s
e
 
l
e
c
t
u
r
e
s
 
a
s
 
w
e
l
l
 
a
s

v
a
r
i
a
b
l
e
 
s
p
e
e
d

d
r
i
v
e
s
,
 
m
o
t
o
r
 
s
t
a
r
t
e
r
s
,
 
a
n
d
 
d
e
e
p
 
w
e
l
l
 
t
u
r
b
i
n
e
 
p
u
m
p
s
.
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O
.
 
O
F
 
L
E
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U
R
E
 
H
O
U
R
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H
a
f
e
r
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n
c
e
s
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M
a
n
u
a
l
 
o
f
 
W
a
t
e
r
 
U
t
i
l
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t
y
 
O
p
e
r
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o
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-
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a
p
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r
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u
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e
a
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u
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u
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p
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.
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a
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e
r
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n
d
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a
s
t
e
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a
t
e
r
 
E
n
g
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n
e
e
r
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n
g
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o
l
u
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e
 
1
 
-
 
C
h
a
p
t
e
r
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-
 
M
a
c
h
i
n
e
r
y
 
a
n
d
 
E
q
u
i
p
m
e
n
t



t4
r,

" C
)

L
E
C
T
U
R
E
 
N
O
.
 
2
9

M
a
t
e
r
i
a
l
 
C
o
v
e
r
e
d
:

N
O
.
 
O
F
 
L
E
C
T
U
R
E
 
H
O
U
R
S
:

1

D
i
f
f
e
r
e
n
t
 
t
y
p
e
s
 
o
f
 
i
n
s
t
r
u
m
e
n
t
a
t
i
o
n
 
u
s
e
d
 
i
n
 
w
a
t
e
r
 
s
u
p
p
l
y
 
c
o
l
l
e
c
t
i
o
n
 
a
n
d

t
r
e
a
t
m
e
n
t
 
a
r
e
 
d
i
s
c
u
s
s
e
d
 
i
n
 
t
h
i
s

l
e
c
t
u
r
e
.

T
h
i
s
 
i
s
 
c
o
n
c
e
r
n
e
d
 
p
r
i
m
a
r
i
l
y
 
w
i
t
h
 
t
e
l
c
l
e
t
e
r
i
n
g
.

T
h
e
 
a
d
v
a
n
t
a
g
e
s
 
a
n
d
 
i
n
i
t
i
a
l
 
c
o
s
t
s
 
o
f
 
t
e
l
e
m
e
t
e
r
i
n
g

a
r
e
 
d
i
s
c
u
s
s
e
d
 
a
s
 
w
e
l
l
 
a
s
 
t
h
e
 
o
p
e
r
a
t
i
o
n
 
a
n
d
 
m
a
i
n
t
e
n
a
n
c
e
 
o
f
 
t
h
e
 
s
y
s
t
e
m
.

R
e
f
e
r
e
n
c
e
s
:

1
.

"
M
a
n
u
a
l
 
o
f
 
W
a
t
e
r
 
U
t
i
l
i
t
y
 
O
p
e
r
a
t
i
o
n
s
"

-
 
C
h
a
p
t
e
r
 
1
4
 
-
 
I
n
s
t
r
u
m
e
n
t
a
t
i
o
n



L
E
C
T
U
R
E
S
 
N
O
.
 
3
0
 
&
 
3
1

N
O
.
 
O
F
 
L
E
C
T
U
R
E
 
H
O
U
R
S
:

2

M
a
t
e
r
i
a
l
 
C
o
v
e
r
e
d
:

D
i
s
c
u
s
s
i
o
n
 
i
s
 
h
e
l
d
 
i
n
 
t
h
e
s
e
 
l
e
c
t
u
r
e
s
 
o
n
 
t
h
e
 
w
a
t
e
r
 
d
i
s
t
r
i
b
u
t
i
o
n

s
y
s
t
e
m
.

T
h
e
 
d
e
s
i
g
n
 
o
f
 
t
h
e
 
d
i
s
t
r
i
b
u
t
i
o
n

s
y
s
t
e
m
 
i
n
c
l
u
d
i
n
g
 
p
l
a
n
n
i
n
g
 
p
o
p
u
l
a
t
i
o
n
,
 
f
i
r
e
 
r
e
q
u
i
r
e
m
e
n
t
s
,
 
m
a
i
n
 
s
i
z
e
s
 
a
n
d
 
o
t
h
e
r

c
o
n
s
i
d
e
r
a
t
i
o
n
s
 
a
r
e
 
c
o
v
e
r
e
d
.

T
h
e
 
s
i
z
i
n
g
 
o
f
 
s
e
r
v
i
c
e
 
l
i
n
e
s
,
 
t
h
e
 
l
o
c
a
t
i
o
n
 
o
f
 
l
i
n
e
 
v
a
l
v
e
s
,
 
l
o
c
a
t
i
o
n

o
f
 
f
i
r
e
 
h
y
d
r
a
n
t
s
 
a
n
d
 
s
p
e
c
i
a
l
 
v
a
l
v
e
s
 
a
n
d

t
h
e
 
u
s
e
 
o
f
 
b
o
o
s
t
e
r
 
s
t
a
t
i
o
n
s
 
a
n
d
 
t
a
n
k
s
 
a
r
e
 
d
i
s
c
u
s
s
e
d
 
i
n
 
t
h
e
s
e
 
l
e
c
t
u
r
e
s
.

.
;
B
r
i
e
f
 
d
i
s
c
u
s
s
i
o
n
 
i
s
 
h
e
l
d
 
o
n
 
t
h
e
 
c
o
n
s
t
r
u
c
t
i
o
n
 
o
f
 
t
h
e
 
d
i
s
t
r
i
b
u
t
i
o
n

s
y
s
t
e
m
 
i
n
c
l
u
d
i
n
g
 
t
h
e
 
t
y
p
e
s
 
o
f
 
m
a
t
e
r
i
a
l
s

a
n
d
 
i
n
s
t
a
l
l
a
t
i
o
n
 
o
f
 
l
i
n
e
s
 
a
n
d
 
s
e
r
v
i
c
e
s
.

A
l
s
o
 
i
n
c
l
u
d
e
d
 
a
r
e
 
t
h
e
 
i
m
p
o
r
t
a
n
t
 
a
s
p
e
c
t
s
 
o
f
 
d
i
s
i
n
f
e
c
t
i
o
n
 
a
n
d

_
b
a
c
t
e
r
i
o
l
o
g
i
c
a
l
 
t
e
s
t
i
n
g
 
o
f
 
n
e
w
 
d
i
s
t
r
i
b
u
t
i
o
n
 
s
y
s
t
e
m
s
.

T
h
e
 
o
p
e
r
a
t
i
o
n
 
o
f
 
t
h
e
 
d
i
s
t
r
i
b
u
t
i
o
n
 
s
y
s
t
e
m
 
i
s
 
a
l
s
o
 
c
o
v
e
r
e
d
,
 
i
n
c
l
u
d
i
n
g
 
k
e
e
p
i
n
g
 
o
f

m
a
p
s
 
a
n
d
 
r
e
c
o
r
d
s
,
 
c
l
e
a
n
i
n
g

a
n
d
 
f
l
u
s
h
i
n
g
 
o
f
 
m
a
i
n
s
,
 
a
c
c
o
u
n
t
i
n
g
 
f
o
r
 
w
a
t
e
r
,
 
a
n
d
 
o
t
h
e
r
 
a
s
p
e
c
t
s
 
o
f
 
t
h
e

o
p
e
r
a
t
i
o
n
 
o
f
 
t
h
e
 
s
y
s
t
e
m
.

T
h
e
 
m
a
i
n
t
e
n
a
n
c
e
 
o
f
 
t
h
e
 
d
i
s
t
r
i
b
u
t
i
o
n
 
s
y
s
t
e
m
 
'
L
s
 
c
o
v
e
r
e
d
 
b
r
i
e
f
l
y
 
i
n
c
l
u
d
i
n
g
 
r
e
p
a
i
r
i
n
g

m
a
i
n
 
b
r
e
a
k
s
,
 
j
o
i
n
t

b
r
e
a
k
s
,
 
b
r
o
k
e
n
 
s
e
r
v
i
c
e
 
l
i
n
e
s
,
 
m
a
i
n
t
e
n
a
n
c
e
 
o
f
 
v
a
l
v
e
s
.

R
e
f
e
r
e
n
c
e
s
:

1
.

"
M
a
n
u
a
l
 
o
f
 
W
a
t
e
r
 
U
t
i
l
i
t
y
 
O
p
e
r
a
t
i
o
n
s
"

-
 
C
h
a
p
t
e
r
 
1
5
 
-
 
D
i
s
t
r
i
b
u
t
i
o
n
 
S
y
s
t
e
m

2
.

"
W
a
t
e
r
 
a
n
d
 
W
a
s
t
e
w
a
t
e
r
 
E
n
g
i
n
e
e
r
i
n
g
"

-
 
V
o
l
u
m
e
 
3
 
-
 
C
h
a
p
t
e
r
 
1
3
 
-
 
W
a
t
e
r
 
D
i
s
t
r
i
b
u
t
i
o
n



L
E
C
T
U
R
E
 
N
O
.
 
3
2

M
a
t
e
r
i
a
l
 
C
o
v
e
r
e
d
:

N
O
.
 
O
F
 
L
E
C
T
U
R
E
 
H
O
U
R
S
:

1

B
e
c
a
u
s
e
 
o
f
,
t
h
e
w
i
d
e
 
u
s
e
,
 
o
f
 
w
a
t
e
r
 
m
e
t
e
r
s
 
f
o
r

c
u
s
t
o
m
e
r
 
s
e
r
v
i
c
e
s
,
 
i
t
 
i
s
 
f
o
u
n
d
 
n
e
c
e
s
s
a
r
y
 
t
o
 
h
a
v
e

o
n
e
 
l
e
c
t
u
r
e

o
n
 
t
h
e
 
s
u
b
j
e
c
t
 
o
f
 
c
u
s
t
o
m
e
r
 
m
e
t
e
r
s
.

T
h
i
s
 
l
e
c
t
u
r
e
 
w
o
u
l
d
 
d
i
s
c
u
s
s
 
t
t
e
 
t
y
p
e
s
 
o
f

m
e
t
e
r
s
 
i
n
 
u
s
e
 
a
n
d
 
a
l
s
o
 
l
o
o
k
 
i
n
t
o
 
t
h
e
 
s
e
l
e
c
t
i
o
n
 
o
f
m
e
t
e
r
s
 
a
n
d
 
t
h
e

r
e
p
a
i
r
 
a
n
d
 
r
e
p
l
a
c
e
m
e
n
t
 
o
f
 
t
h
e
s
e
 
i
n
s
t
a
l
l
a
t
i
o
n
s
.

B
r
i
e
f
 
d
i
s
c
u
s
s
i
o
n
 
i
s
 
h
e
l
d
 
o
n
 
t
h
e
 
f
i
e
l
d

i
n
s
t
a
l
l
a
t
i
o
n
 
a
n
d
 
t
e
s
t
i
n
g
 
o
f
 
m
e
t
e
r
s
 
a
n
d
 
t
h
e
 
e
x
p
e
c
t
e
d
l
e
n
g
t
h
 
o
f

s
e
r
v
i
c
e
.

A
l
s
o
 
i
n
c
l
u
d
e
d
 
i
s
 
t
h
e
 
k
e
e
p
i
n
g
 
o
f
 
r
e
c
o
r
d
s
,

t
h
e
 
c
a
r
e
 
a
n
d
 
p
r
o
t
e
c
t
i
o
n
 
o
f
 
m
e
t
e
r
s
,
 
a
n
d
 
s
u
g
g
e
s
t
e
d

s
h
o
p

e
q
u
i
v
m
e
n
t
 
f
o
r
 
m
a
i
n
t
e
n
a
n
c
e
 
o
f
 
c
u
s
t
o
m
e
r

m
e
t
e
r
s
.

R
e
f
e
r
e
n
c
e
s
:

1
.

"
M
a
n
u
a
l
 
o
f
 
W
a
t
e
r
 
U
t
i
l
i
t
y
 
O
p
e
r
a
t
i
o
n
s
"

C
h
a
p
t
e
r
 
1
7
 
-
 
C
u
s
t
o
m
e
r
 
M
e
t
e
r
s



L
E
C
T
U
R
E
 
N
O
.
 
3
3
 
&
 
3
4

N
O
.
 
O
F
 
L
E
C
T
U
R
E
 
H
O
U
R
S
:

3

N
i
e
e
r
i
a
l
 
C
o
v
e
r
e
d
:

T
h
e
s
e
 
t
w
o
 
l
e
c
t
u
r
e
s
 
w
i
l
l
 
d
e
a
l

w
i
t
h
 
t
h
e
 
s
u
b
j
e
c
t
 
o
f
 
s
a
f
e
t
y
i
n
 
w
a
t
e
r
 
t
r
e
a
t
m
e
n
t
 
w
o
r
k
s
.

T
h
e
 
s
u
b
j
e
c
t
s
 
m
i
l
l

i
n
c
i
n
d
e
 
d
i
s
c
u
s
s
i
o
n
s
 
o
f

f
h
e
 
r
e
s
p
o
n
s
i
b
i
l
i
t
i
e
s
 
f
o
r

s
a
f
e
t
y
,
 
d
e
v
e
l
o
p
m
a
n
t
 
o
f

a
 
s
a
f
e
t
y
 
p
r
o
g
r
a
m
,
 
m
a
i
n
t
e
n
a
n
c
e
 
o
f

s
a
f
e
t
y

e
s
t
o
r
d
s
 
(
s
t
a
t
i
e
t
i
c
e
 
a
n
d
 
r
e
p
o
r
t
s
)
,

s
a
f
e
t
y
 
e
d
u
c
a
t
i
o
n
-
t
r
a
i
n
i
n
g
;

e
m
p
l
o
y
e
e
 
e
q
u
i
p
m
e
n
t
,
 
p
u
b
l
i
c

s
a
f
e
t
y
 
e
q
u
i
p
m
e
n
t
,
 
f
l
e
e
t

g
a
i
e
t
y
. f
n
 
o
a
i
t
i
o
n
;
 
c
e
r
t
a
i
n
t
y
p
e
s
 
o
f
 
a
c
c
i
d
e
n
t
 
a
r
e
a
s
 
w
i
l
l
b
e
 
c
o
v
e
r
e
d
,
 
i
n
c
l
u
d
i
n
g
 
f
a
l
l
s
,

e
l
e
c
t
r
i
c
 
s
h
o
c
k
,
 
i
n
f
e
c
t
i
o
n
s
,

a
s
p
h
y
x
i
a
t
i
o
n
,
 
e
x
p
l
o
s
i
o
n
s
,
 
t
o
x
i
c

d
u
s
t
s
,
 
d
a
n
g
e
r
o
u
s
 
c
h
e
m
i
c
a
l
*
,

a
n
d
 
i
n
a
d
e
q
u
a
t
e
 
h
e
l
.
p
.

i
n
 
a
d
d
i
t
i
o
n
,
 
i
n
s
t
r
u
c
t
i
o
n
w
i
l
l
 
b
e
 
g
i
v
e
n
o
n
 
p
r
o
c
e
d
u
r
e
s
 
t
o
 
f
o
l
l
o
w
 
i
n

c
a
s
e
 
o
f
 
a
n
 
a
c
c
i
d
e
n
t
,
 
i
n
c
l
u
d
i
n
g

r
e
s
u
s
c
i
t
a
t
i
o
n
,
 
c
l
e
a
r
i
n
g
 
v
l
e
t
i
e
'
s

t
h
r
o
a
t
,
 
a
n
d
 
s
a
f
e
t
y
 
w
i
t
h

c
h
l
o
r
i
n
e
.

T
h
e
 
n
e
r
e
s
S
i
t
y
 
f
o
r
 
p
l
a
n
n
i
n
g
a
n
y
 
a
d
d
i
t
i
o
n
 
o
r
 
n
e
w
 
c
o
n
s
t
r
u
c
t
i
o
n

s
o
 
t
h
a
t
 
s
a
f
e
t
y
 
f
e
a
t
u
r
e
s

c
a
n
 
b
e
 
b
u
i
l
t
-
i
n
,
 
w
i
l
l

b
e
 
e
m
p
h
a
s
i
z
e
d
:

l
e
f
e
r
e
n
c
e
s
i

1
.
 
'
'
!
M
e
n
u
a
l
 
o
f
 
W
a
t
e
r
 
U
t
i
l
i
t
y
 
O
p
e
r
a
t
i
o
n
s
"

-
 
C
h
a
p
t
c
7
 
2
1
 
-
 
S
a
f
e
t
y

2
.
 
,
'
M
a
n
u
a
l
 
o
f
 
I
n
s
t
r
u
c
t
i
o
n

f
o
r
 
W
a
t
e
r
 
T
r
e
a
t
m
e
n
t
 
P
l
a
n
t
O
p
e
r
a
t
o
r
s
"
 
-
 
C
h
a
p
t
e
r
 
1
9

-
 
T
r
e
a
t
m
e
n
t
 
P
l
a
n
t
 
M
a
i
n
t
e
n
a
n
c
e

a
n
d
 
A
c
c
i
d
e
n
t
 
P
r
e
v
e
n
t
i
o
n



L
E
C
T
U
R
E
 
N
O
.

3
5

M
a
t
e
r
i
a
l
 
C
o
v
e
r
e
d
:

N
O
.
 
O
F
 
L
E
C
T
U
R
E
 
H
O
U
R
S
:

B
r
i
e
f
 
d
i
s
c
u
s
s
i
o
n
s
 
w
i
l
l
 
b
e
 
h
e
l
d
 
i
n
 
t
h
i
s
 
l
e
c
t
u
r
e
,
o
n
 
t
y
p
e
s
 
o
f
 
e
m
e
r
g
e
n
c
i
e
s
 
w
h
i
c
h
 
m
a
y
 
b
e
 
e
n
c
o
u
n
t
e
r
e
d
 
i
n
 
w
a
t
e
r

t
r
e
a
t
m
e
n
t
 
w
o
r
k
s
 
c
u
d
 
M
e
a
s
u
r
e
s
 
w
h
i
c
h
 
m
a
y
 
b
e
 
t
a
k
e
n
 
t
o
 
*
h
a
n
d
l
e
 
w
a
t
e
r
 
t
r
e
a
t
m
e
n
t
 
d
u
r
i
n
g
 
e
m
e
r
g
e
n
c
y
 
c
o
n
d
i
t
i
o
n
s
.

B
r
i
e
f

d
i
s
c
u
s
s
i
o
n
s
 
w
i
l
l
 
b
e
 
h
e
l
d
 
c
o
n
c
e
r
n
i
n
g
 
e
m
e
r
g
e
n
c
y
 
p
l
a
n
s
,
 
p
e
r
s
o
n
n
e
l
,
 
e
q
u
i
p
m
e
n
t
 
a
n
d
 
s
u
p
p
l
i
e
s
,
 
c
o
m
m
u
n
i
c
a
t
i
o
n
s
.

A
l
s
o

i
n
c
l
u
d
e
d
 
w
i
l
l
 
b
e
 
d
i
s
c
u
s
s
i
o
n
s
 
o
f
 
e
m
e
r
g
e
n
c
y
 
w
a
t
e
r
 
s
u
p
p
l
i
e
s
 
w
h
i
c
h
 
m
a
y
 
b
e
 
u
t
i
l
i
z
e
d
 
d
u
r
i
n
g
 
t
h
e
s
e
 
s
i
t
u
a
t
i
o
n
s
 
a
n
d

m
e
t
h
o
d
s
 
f
o
r
 
d
i
s
i
n
f
e
c
t
i
o
n
 
o
f
 
e
m
e
r
g
e
n
c
y
 
w
a
t
e
r
 
s
y
s
t
e
m
s
.

R
e
f
e
r
e
n
c
e
s
:

1
.
 
'
M
a
n
u
a
l
 
o
f
 
W
a
t
e
r
 
U
t
i
l
i
t
y
 
O
p
e
r
a
t
i
o
n
s
"
 
-
 
C
h
a
p
t
e
r
 
2
3
 
-
 
E
m
e
r
g
e
n
c
y
 
O
p
e
r
a
t
i
o
n



L
E
M
U
R
E
 
N
O
.
 
3
6
,
 
3
7
,
 
&
 
3
8

M
a
t
e
r
i
a
l
 
C
o
v
e
r
e
d
:

N
O
.
 
O
F
 
L
E
C
T
U
R
E
 
H
O
U
R
S
:

3

T
h
e
s
e
 
l
e
c
t
u
r
e
s
 
w
i
l
l
 
d
e
a
l
 
w
i
t
h
 
t
h
e

m
e
t
h
o
d
o
l
o
g
y
 
f
o
r
 
e
v
a
l
u
a
t
i
n
g
 
t
h
e
 
o
p
e
r
a
t
i
o
n
 
a
n
d
 
m
a
i
n
t
e
n
a
n
c
e
 
o
f

w
a
t
e
r

s
u
p
p
l
y
 
t
r
e
a
t
y
.
.
.
a
n
t
 
a
n
d
 
d
i
s
t
r
i
b
u
t
i
o
n

s
y
s
t
e
m
s
.

T
h
e
 
l
e
c
t
u
r
e
s
 
w
i
l
l
 
c
o
v
e
r
 
t
h
r
e
e
 
m
a
i
n

a
r
e
a
s
:

(
1
)

S
a
n
i
t
a
r
y
 
s
u
r
v
e
y
 
a
n
d
 
w
a
t
e
r
 
t
r
e
a
t
m
e
n
t
 
r
e
q
u
i
r
e
m
e
n
t
s

(
2
)

R
e
c
o
m
m
e
n
d
e
d
 
s
a
n
i
t
a
r
y
 
r
e
q
u
i
r
e
m
e
n
t
s
 
f
o
r
 
w
a
t
e
r
s
o
u
r
c
e
 
p
r
o
t
e
c
t
i
o
n
 
a
n
d
 
t
r
e
a
t
m
e
n
t

(
3
)

R
e
c
o
m
m
e
n
d
e
d
 
s
a
n
i
t
a
r
y
 
r
e
q
u
i
r
e
m
e
n
t
s
 
f
o
r
 
w
a
t
e
r
 
d
i
s
t
r
i
b
u
t
i
o
n

s
y
s
t
e
m
s

I
.

"
M
a
n
u
a
l
 
f
o
r
 
E
v
a
l
u
a
t
i
n
g
 
P
u
b
l
i
c

D
r
i
n
k
i
n
g
 
W
a
t
e
r
 
S
u
p
p
l
i
e
s
"
 
-
 
U
.
S
.
 
D
e
p
a
r
t
m
e
n
t
 
o
f
 
H
e
a
l
t
h
 
E
d
u
c
a
t
i
o
n
 
a
n
d

W
e
l
f
a
r
e
 
P
u
b
l
i
c
 
H
e
a
l
t
h
 
S
e
r
v
i
c
e
,
 
C
o
n
s
u
m
e
r
 
P
r
o
t
e
c
t
i
o
n
a
n
d
 
E
v
n
i
r
o
n
m
e
n
t
a
l
 
H
e
a
l
t
h
 
S
e
r
v
i
c
e
,
 
E
n
v
i
r
o
n
m
e
n
t
a
l

C
o
n
t
r
o
l
 
A
d
m
i
n
i
s
t
r
a
t
i
o
n
 
B
u
r
e
a
u
 
o
f
 
W
a
t
e
r
H
y
g
i
s
m
e
,
 
C
i
n
c
i
n
n
a
t
i
,
 
O
h
i
o
 
4
5
2
0
2
 
(
1
9
6
9
)
 
P
u
b
l
i
c
 
H
e
a
l
t
h
 
S
e
r
v
i
c
e

P
u
b
l
i
c
a
t
i
o
n
 
N
o
.
 
1
8
2
0

O
b.



L
E
C
T
U
R
E
 
N
O
.
 
3
9
 
.
&
 
4
0

M
A
,
e
r
i
a
l
 
C
o
v
e
r
e
d
:

om
m

aw
i

ream
/

N
O
.
 
O
F
 
L
E
C
T
U
R
E
 
H
O
U
R
S
:

2

T
h
e
s
e
,
l
e
c
t
u
r
e
s
,
w
i
l
l
 
d
e
a
l
 
w
i
t
h
 
t
h
e
 
s
u
b
j
e
c
t
.
o
r
p
r
i
v
a
t
e
 
w
a
t
e
r
 
s
u
p
p
l
y
 
s
y
s
i
t
e
m
S
 
b
e
c
a
u
s
e
 
o
f

'
I
n
d
i
V
i
d
u
a
l
i
.
.
m
t
e
r
 
s
u
p
p
l
i
e
s
 
s
t
i
l
l
 
b
e
i
n
g
 
d
e
v
e
l
o
p
e
d
.

I
t
 
i
s
 
f
e
l
t
 
e
s
s
e
n
t
i
a
l
-
 
t
h
a
t
'
 
e
n
v
i
r
o
n
m
e
n
t
a
l

b
e
 
f
u
l
l
y
 
a
c
q
u
a
i
n
t
e
d
 
w
i
t
h
 
a
l
l
 
a
s
p
e
c
t
s
 
o
f
 
p
r
i
v
a
t
e
 
w
a
t
e
r
 
s
u
p
p
l
y
 
i
n
s
t
a
l
l
a
t
i
o
n
 
a
n
d
 
e
v
a
l
u
a
t
i
o
n
.

T
h
e
s
e
 
l
e
c
t
u
r
e
s
 
w
i
l
l
 
d
e
a
l
 
w
i
t
h
 
t
h
e
 
f
o
l
l
o
w
i
n
g
 
a
r
e
a
s
:

.
;

t
h
e
.
 
l
a
r
g
e
 
n
u
m
b
e
r
 
o
f
"

p
e
r
s
o
n
n
e
l

(
1
)

S
e
l
e
c
t
i
o
n
 
o
f
 
a
 
w
a
t
e
r
 
s
o
u
r
c
e
 
i
n
c
l
u
d
i
n
g
 
d
i
f
f
e
r
e
n
t
 
s
o
u
r
c
e
s
 
o
f
 
w
a
t
e
r
 
s
u
p
p
l
y
,
.
 
q
u
a
l
i
t
y
 
o
f
 
w
a
t
e
r
,

q
u
a
n
t
i
t
y
,
 
o
f
 
w
a
t
e
r
,
 
a
n
d
 
s
a
n
i
t
a
r
y
 
s
u
r
v
e
y
.
-
,
_
7
.
.

.

(
2
)

T
h
e
 
u
s
e
 
o
f
 
g
r
o
u
n
d
 
w
a
t
e
r
a
s
 
a
p
r
i
v
a
t
e
v
a
t
e
r
'
s
u
p
p
l
y
 
i
n
c
l
u
d
i
n
g
 
d
i
s
c
u
s
s
i
o
n
s
 
o
n
 
7
=
1
^
k
 
f
o
r
m
a
t
i
o
n
s
 
a
n
d

t
h
e
i
r
 
w
a
t
e
r
 
b
e
a
r
i
n
g
 
p
r
o
p
e
r
t
i
e
s
,
 
g
r
o
u
n
d
 
w
a
t
e
r
 
b
a
s
i
n
s
,
 
s
a
n
i
t
a
r
y
 
q
u
a
l
i
t
y
 
o
f
 
g
r
o
u
n
d
 
w
a
t
e
r
,
 
d
i
s
t
a
n
c
e
s

t
o
 
s
o
u
r
c
e
s
 
o
f
 
c
o
n
t
a
m
i
n
a
t
i
o
n
s
,
 
d
e
v
e
l
o
p
m
e
n
t
 
o
f
 
g
r
o
u
n
d
 
w
a
t
e
r
 
b
y
 
t
h
e
 
v
a
r
i
o
u
s
 
m
e
t
h
o
d
s
 
a
n
d
 
t
h
e
 
d
e
t
a
i
l
s
,

o
f
 
w
e
l
l
 
c
o
n
s
t
r
u
c
t
i
o
n
.

oe
(
3
)

T
h
e
 
u
s
e
 
o
f
 
s
u
r
f
a
c
e
 
w
a
t
e
r
 
f
o
r
 
r
u
r
a
l
 
w
a
t
e
r
 
s
u
p
p
l
y
 
w
i
l
l
 
b
e
 
c
o
n
s
i
d
e
r
e
d
 
i
n
c
l
u
d
i
n
g
 
c
o
n
t
r
o
l
 
o
f
 
p
o
l
l
u
t
i
o
n

o
n
 
p
o
n
d
s
 
o
r
 
l
a
k
e
s
,
 
s
t
r
e
a
m
s
 
a
n
d
 
i
r
r
i
g
a
t
i
o
n
 
c
a
n
a
l
s

(
4
)

A
 
d
i
s
c
u
s
s
i
o
n
 
w
i
l
l
 
b
e
 
h
e
l
d
 
c
o
n
c
e
r
n
i
n
g
 
w
a
t
e
r
 
t
r
e
a
t
m
e
n
t
 
f
o
r
 
i
n
d
i
v
i
d
u
a
l
 
w
a
t
e
r

d
e
a
l
 
w
i
t
h
 
a
l
l
 
a
s
p
e
c
t
s
 
o
f
 
p
r
i
v
a
t
e
 
w
a
t
e
r
 
s
u
p
p
l
y
 
t
r
e
a
t
m
e
n
t
.

(
5
)

R
e
f
e
r
e
n
c
e
s
:
'

1
.

"
M
a
n
u
a
l
 
o
f
 
I
n
d
i
v
i
d
u
a
l
 
W
a
t
e
r
 
S
u
p
p
l
y
 
S
y
s
t
e
t
s
"
 
-
 
P
u
b
l
i
c
 
H
e
a
l
t
h
 
S
e
r
v
i
c
e
 
P
u
b
l
i
c
a
t
i
o
n
 
N
o
.
 
2
4
 
(
R
e
v
i
s
e
d
 
1
9
6
2
)
,

U
.
S
.
 
D
e
p
a
r
t
m
e
n
t
 
o
f
 
H
e
a
l
t
h
 
E
d
u
c
a
t
i
o
n
 
a
n
d
 
W
e
l
f
a
r
e
,
 
D
i
v
i
s
i
o
n
 
o
f
 
E
n
v
i
r
o
n
m
e
n
t
a
l
 
E
n
g
i
n
e
e
r
i
n
g
 
a
n
d
 
F
o
o
d

P
r
o
 
'
-
e
c
t
i
o
n
,
 
S
p
e
c
i
a
l
 
E
n
g
i
n
e
e
r
i
n
g
 
S
e
r
v
i
c
e
s
 
B
r
a
n
c
h
,
 
W
a
s
h
i
n
g
t
o
u
 
2
5
,
 
D
.
C
.

P
u
m
p
i
n
g
,
 
d
i
s
t
r
i
b
u
t
i
o
n
,
 
a
n
d
 
s
t
o
r
a
g
e
 
o
f
 
w
a
t
e
r
 
f
o
r
 
i
n
d
i
v
i
d
u
a
l
 
w
a
t
e
r
 
s
u
p
p
l
i
e
s
 
w
i
l
l
 
b
e
 
c
o
v
e
r
e
d
.

.
"

2
.

"
R
u
r
a
l
 
W
a
t
e
r
 
S
u
p
p
l
y
"
 
-
 
(
1
9
6
6
)
 
-
 
N
e
w
 
Y
o
r
k
 
S
t
a
t
e
 
D
e
p
a
r
t
m
e
n
t
 
o
f
 
H
e
a
l
t
h
,
 
O
f
f
i
c
e
 
o
f
 
P
u
b
l
i
c
 
H
e
a
l
t
h
 
E
d
u
c
a
t
i
o
n
.

3
.

S
u
g
g
e
s
t
e
d
 
V
i
s
u
a
l
 
A
i
d
e
 
-
 
F
i
l
m
 
-
 
"
S
a
f
e
 
D
r
i
n
k
i
n
g
 
W
a
t
e
r
 
f
r
o
m
 
S
m
a
l
l
 
W
a
t
e
r
 
S
u
p
p
l
i
e
s
"
 
-
 
1
6
 
m
m
.
 
s
o
u
n
d
 
1
1
 
m
i
n
u
t
e
s

U
n
i
v
e
r
s
i
t
y
 
o
f
 
M
i
n
n
e
s
o
t
a
,
 
V
i
s
u
a
l
'
E
d
u
c
a
t
i
o
n
 
S
e
r
v
i
c
e
s
,
 
M
i
n
n
e
a
p
o
l
i
s
,
 
M
i
n
n
e
s
o
t
a



L
E
C
T
U
R
E
 
N
O
.
 
4
1
 
4
 
4
2

N
O
.
 
O
F
 
L
E
C
T
U
R
E
 
H
O
U
R
S
:

2

M
a
t
e
r
i
a
l
 
C
o
v
a
r
a
d
:

T
h
e
 
t
e
c
r
o
m
m
i
d
m
g
u
s
e
 
o
f
 
r
e
c
r
e
a
t
i
o
n
a
r
e
a
s
t
m
e
k
d
e
v
e
l
o
p
e
d
 
a
n
t
e
d
 
f
o
r
e
n
v
i
r
o
n
m
e
n
t
a
l
 
t
e
c
h
n
i
c
i
a
n
p
e
r
s
o
n
n
e
l
 
t
o

b
e
 
b
i
l
l
y
 
a
c
q
u
a
i
n
t
e
d
w
i
t
h
 
s
e
m
i
-
p
u
b
l
i
c
w
a
t
e
r
 
s
y
s
t
e
m
s
s
e
r
v
i
n
g
 
r
e
c
r
e
a
t
i
o
n
a
l

a
r
e
a
s
.

T
h
e
s
e
 
l
e
c
t
u
r
e
s
 
w
i
l
l
d
e
a
l
 
w
i
t
h
 
t
h
e

u
n
i
q
u
e
 
p
r
o
b
l
e
m
s
 
e
n
c
o
u
n
t
e
r
e
d

i
n
 
d
e
v
e
l
o
p
i
n
g
w
a
t
e
r
 
s
y
s
t
e
m
s
 
t
o

s
e
r
v
e

r
e
c
r
e
a
t
i
o
n
 
a
r
e
a
s
 
w
i
t
h
h
i
g
h
l
y
f
l
u
c
t
o
r
t
i
n
g
,
p
o
p
u
l
a
t
i
o
n
s
a
n
d
 
i
s
o
l
a
t
e
d
a
r
e
a
s
-

I
n
a
 
n
e
e
d
 
f
o
r
 
t
r
e
a
t
m
e
n
t
w
i
l
l
 
b
e
 
d
i
s
c
u
s
s
e
d
a
s
.
 
w
e
l
l
 
a
s
 
t
r
e
a
t
m
e
n
t
m
e
t
h
o
d
s
 
w
h
i
c
h
m
a
y
 
b
e
 
u
t
i
l
i
z
e
d
 
f
o
r

r
e
c
r
e
a
t
i
o
n
 
a
r
e
a
s
.

T
y
p
i
c
a
l
 
t
r
e
a
t
m
e
n
t

s
y
a
t
a
m
s
 
w
h
i
c
h
 
a
r
e
 
a
n
i
t
a
b
I
e
f
a
r
 
r
u
r
a
l
 
l
o
c
a
t
i
o
n
s

a
n
d
 
h
a
n
d
1
1
-
n
g
h
i
g
h
l
y
.

f
l
u
c
t
e
e
t
l
x
q
g
 
d
e
s
p
a
n
i
a
 
w
i
l
l
 
b
e
-
d
i
s
c
u
s
s
e
d
.

D
e
s
i
g
n
 
c
o
n
s
i
d
e
r
a
t
i
o
n
s
 
f
o
r
s
m
a
l
l
 
w
a
t
e
r

s
y
s
t
e
m
s
 
w
i
l
l
 
b
e
 
c
o
v
e
r
e
d
 
a
n
d
a

l
e
a
k
 
w
i
l
l
 
b
e
 
t
a
k
e
s
-
a
t
c
a
r
t
s
:
k
m
 
p
a
c
k
a
g
e

t
r
e
a
t
m
e
n
t
 
p
l
a
n
t
s
 
w
h
i
c
h
h
a
v
e
 
b
e
e
n
 
u
t
i
l
i
z
e
d
f
o
r
 
t
h
i
s
p
u
r
p
o
s
e
.

T
h
e
 
o
p
e
r
a
t
i
o
n

o
f
n
e
m
l
l
e
s
t
e
r
 
t
r
e
a
t
m
e
n
t
p
l
a
n
t
s
 
w
i
l
l
 
a
l
s
o
-
b
e
d
i
s
c
u
s
s
e
d
.

1
 
"
E
n
v
i
r
o
n
m
e
n
t
a
l
.
H
e
a
l
t
h
 
P
r
a
c
t
i
c
e
s
 
i
n
R
e
c
r
e
a
t
i
o
n
a
l
 
A
r
e
a
s
"
 
-

T
r
a
i
n
i
n
g
 
C
o
u
r
s
e
 
M
a
n
u
a
l
,
 
U
.
S
.

D
e
p
a
r
t
m
e
n
t
 
o
f

H
e
a
l
t
h
 
E
d
u
c
a
t
i
o
n
.
 
a
n
d
W
e
l
f
a
r
e
,
 
P
u
b
l
i
c
 
H
e
a
l
t
h
S
e
r
v
i
c
e
,
 
C
o
n
s
u
m
e
r
 
P
r
o
t
e
c
t
i
o
n
a
n
d
 
E
n
v
i
r
o
n
m
e
n
t
a
l
H
e
a
l
t
h

S
e
r
v
i
c
e
,
 
E
n
v
i
r
o
n
m
e
n
t
a
l
C
o
n
t
r
o
l
 
A
d
m
i
n
i
s
t
r
a
t
i
o
n
,
C
i
n
c
i
n
n
a
t
i
,
 
O
h
i
o
 
4
5
2
1
3

(
M
a
y
 
1
9
7
0
)
:

Z
.
 
'
"
E
n
v
i
r
o
n
m
a
n
t
a
/

H
e
a
l
t
h
 
P
r
a
c
t
i
c
e
 
i
n
R
e
c
r
e
a
t
i
o
n
 
A
r
e
a
s
"
 
-

P
u
b
l
i
c
 
H
e
a
l
t
h
 
S
e
r
v
i
c
e

P
u
b
l
i
c
a
t
i
o
n
 
N
u
m
b
e
r
 
9
5
,

U
.
S
.
 
D
e
p
a
r
t
m
e
n
t
 
o
f
H
e
a
l
t
h
 
E
d
u
c
a
t
i
o
n
 
a
n
d
W
e
l
f
a
r
e
,
 
P
u
b
l
i
c
 
S
e
r
v
i
c
e
,

E
n
v
i
r
o
n
m
e
n
t
a
l
 
S
a
n
i
t
a
t
i
o
n

P
r
o
g
r
a
m
,

C
i
n
c
i
n
n
a
t
i
,
 
O
h
i
o
 
4
5
2
0
2



L
E
C
T
U
R
E
S
 
N
O
.
 
4
3
 
6
 
4
4

M
a
t
e
r
i
a
l
 
C
o
v
e
r
e
d
:

T
h
e
s
e
 
t
w
o
 
l
e
c
t
u
r
e
s
 
w
i
l
l
 
d
e
a
l
 
w
i
t
h
 
a
n
 
e
x
p
l
a
n
a
t
i
o
n
 
o
f
;
 
t
h
e
,
.
,
 
o
b
j
e
c
t
i
v
e
s
 
s
t
r
i
v
e
d
,
f
o
r
 
i
n
 
w
a
t
e
r
 
q
u
a
l
i
t
y
 
m
a
n
a
g
e
m
e
n
t
.

I
n
c
l
u
d
e
d
 
i
n
 
t
h
e
m
 
i
s
 
k
d
e
s
c
r
i
p
t
i
o
n
 
o
f
 
n
a
t
u
r
a
l
l
f
a
t
e
r
a
,
-
d
r
i
n
k
i
n
g
 
w
a
t
e
r
,
 
t
y
p
e
s
-
o
f
.
b
a
c
t
e
r
i
a
l
 
a
n
d
 
o
t
h
e
r
 
w
a
t
e
r
 
b
o
r
n

i
n
t
e
c
t
i
o
n
s
 
e
n
c
o
U
n
t
e
r
e
d
,
,
r
a
d
u
c
t
i
o
n
 
o
f
-
i
n
f
e
c
t
i
O
n
i
b
y
 
w
a
t
e
r
 
q
u
a
l
i
t
y
 
m
a
n
a
g
e
m
e
n
t
,
 
w
a
t
e
r
'
b
o
r
n
 
p
o
i
s
o
n
s
,
 
a
n
d
o
t
h
e
r

h
e
a
l
t
h
-
a
s
s
o
c
i
s
t
e
d
 
p
r
o
p
e
r
t
i
e
s
 
o
f
'
w
a
t
e
r
.

;
"
.
.

A
l
s
o
,
 
i
n
c
l
u
d
e
d
 
i
n
 
t
h
e
s
e
 
d
i
s
c
u
s
s
i
o
n
s
 
w
i
l
l
 
b
e
 
t
h
e
 
p
a
l
a
t
a
b
i
l
i
t
y
 
o
f
 
w
a
t
e
r
,
 
d
r
i
n
k
i
n
g
 
w
a
t
e
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i
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i
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e
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i
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c
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p
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r
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e
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p
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b
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R
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c
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c
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c
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p
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b
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c
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c
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c
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c
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c
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c
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c
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c
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c
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c
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.
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c
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b
e

g
r
o
u
n
d
.
 
s
t
o
r
a
g
e
,
 
e
l
e
v
a
t
e
d

t
a
n
k
s
 
a
n
d
 
t
h
e
i
r
d
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b
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c
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c
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w
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b
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b
e
 
d
i
s
c
'
i
s
s
e
d
w
i
t
h
 
s
p
e
c
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c
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c
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c
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c
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c
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p
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p
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c
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p
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p
t
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e
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c
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c
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P
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c
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.
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.
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i
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p
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c
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b
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p
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c
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p
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R
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c
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c
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c
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p
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p
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P
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P
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r
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P
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P
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c
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p
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c
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P
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c
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c
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u
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R
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u
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i
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THE BACCALAUREATE PROGRAM IN
ENVIRONMENTAL SCIENCES TECHNOLOGY

This program was developed at the State University College
at Buffalo by the Director of the Great Lakes Laboratory. Its
main purpose is to enable Community College graduates who have
majored in Environmental Science to continue to specialize in
the Environmental Sciences upon admission to the Baccalaureate
Arts program in Biology or Chemistry. It is consistent with
the mandate that the State University Colleges of Arts and
Sciences increase their enrollment at the upper division level
and train more pollution specialists. Presently there is no
similar program located anywhere in the State University system.
Discussions have been held with the directors of the two-year
schools to modify their existing programs to minimize the loss
of credit and the necessity to make up lower division required
courses for those students who transfer into the baccalaureate
program. The Environmental Science Technology program will be
open to any student at Buffalo State as long as he meets the
requirements. However, in order to graduate with a BA in Biology
or Chemistry, with a specialization in the Environmental Sciences,
he would have to complete the certain prerequisite technical
courses in Environmental Health. It will be possible for students
it Buffalo State to take these prerequisite courses in the
Huvironmental Sciences program at Erie Community College. The
curricula of the Environmental Science program at the State
University consists of the followins;

The transferable credit of an individual who would major
in Biology at Buffalo State would be as follows:

General Biology 6 credits
Microbiology 3 credits
Biology Electives 6 credits
General Chemistry 6 credits
Quantitative Analysis 3 credits
Qualitative Analysis 3 crecits
Instrumental Analysis 3 credits
General Physics 6 credits
English 6 credits
Mathematics 6 credits
Mrtsical Education 2 credits
Unrestricted Electives 10 credits

TOTAL 60 credits
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The Biology major specializing in Environmental Sciences
would take the following program to complete his baccalaureate:

Genetics 4 credits
Physiology 4 credits
Ecology 4 credits
Biology Electives 6 credits
Breadth (Arts, Social Science,

Math and Science, and Humanities) 38 credits
Environmental Measurement 3 credits
Applications of Envircnmental

Technology 3 credits
Seminar in Environmental Sciences 2 credits
Physical Education 2 credits

Subtotal 64 credits
Transferred 60 credits

TOTAL 124 credits

For a potential Chemistry major, his background most likely
would include:

General Chemistry
Instrumental Analysis
Qualitative Analysis
Quantitative Analysis
Organic Analysis
Microbiology
Physics
Mathematics (Calculus)
English
Physical Education
Unrestricted Electives

6 credits
3 credits
3 credits
3 credits
6 credits
3 credits
6 credits
6 credits
6 credits
2 credits

16 credits
TOTAL 60 credits

The Chemistry major specializing in Environmental Sciences
would take the following program to complete his baccalaureate:

Physical Chemistry
Literature of Chemistry
Inorganic Chemistry
Biochemistry
Chemistry Electives
Breadth (Arts, Social Sciences,

Math and Science, and Humanities) 37 credits
Environmental Measurement 3 credits
Application of Environmental

Technology 3 credits
Seminar in Environmental Sciences 2 credits
Physical Education 2 credits

Subtotal 64 credits

8 credits
1 credit
3 credits
4 credits
3 credits

Transferred 60 credits
TOTAL 124 credits
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