Chapter 1
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Introduction

entals of laboratory science. This material
is often overlooked by instructors who, correctly or incorrectly, assume that you
have learned it well in other courses. It could be argued that the material presented
here is the most important, however, due to the shear magnitude of the repetition.
You will constantly be doing calculations involving units, concentrations, and
dilutions. You will be presenting your data using tables and graphs. You will do
hundreds of pipettings during a semester. If this material is not mastered, you
will pay a heavy price all semester. Read this chapter thoroughly, even if you think
you already know it. You may just find an informational jewel you had not

expected.

In this chapter, we discuss some fundam

A lab can be a dangerous place if you are not careful. This potential danger
comes from several sources. First, the very nature of the chemicals and
equipment used may be hazardous. We try to minimize use of hazardous
materials, but some modern techniques in biochemistry require that we
use them. Hazardous chemicals are noted in the “Materials” section of the
experiments. Some equipment may be dangerous due to moving parts,
heat, or potential electric shock. Only by using the equipment correctly, as
instructed, will you be sure that you are safe.

Second, glassware used in a lab is always considered dangerous
because it breaks when dropped or mishandled. Flying glassware may
come from anywhere, so you may not be the one who makes the mis-
take, but you may be the one who pays for it. Proper clothing and eye

1.1 Lab Safety
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3. Never work alone. Someone else should always be in lab with you

when you are working.

Additional Lab Courtesy

Although lab etiquette is not strictly a safety issue, you should f0“0‘;’ lit a;
well. The following items will make your lab run more smoothly and lea
to efficient transitions between lab sections.

1. Never stick your personal pipets into a community reagent bottle. If
your pipet is dirty, you will contaminate the supply for the whole cla§s.
If you need 10mL of a reagent and a 1-L bottle is in a community
reagent area, use a small beaker and pour in about 10mL. That way, if
your beaker is dirty, you will have contaminated only your own supply.

2. Never take a community reagent back to your own benc.h. Qne of the
most frustrating things that can happen in a lab is not finding some-
thing you need.

3. Don’t use more of the chemical than you need. Students often take
chemicals from the community area before they have the slightest clue
about how much they need. They look at the size of the communit.y
reagent bottle and try to guess from there. Just because the reagent is
in a 1-L bottle doesn’t mean that you should take 100mL of it. You
might only need 2mL of it. The 1-L bottle may be the total supply for
all sections of the lab for the week.

4. Always clean up your lab area and any equipment and glassware that
you used. The next class may need to use the same materials. The job
is not over until the lab is clean and the equipment is ready for the
next class.

1.2 Scientific Notation  You will probably see many numbers written in many different ways dur-
ing the course of your lab. The idea is to accurately and clearly communi-
cate numerical information, and nothing is necessarily wrong with any
system of numbers that does that. However, some traditional ways of
handling numbers are used in science. One of these is called scientific
notation.

Any number in strict scientific notation starts with one nonzero digit
followed by a decimal point and some other numbers. That is followed by
an exponent that tells to what power to raise it. Thus, the number 623
would be written 6.23 X 102. The number 0.0456 would be written as
4.56 X 1072, L T

—Whernot using strict scientific notation, avoid starting a number with
just a decimal. Thus, rather than writing .453, write 0.453. When you label a
test tube for storage, sometimes the ink fades. It always seems like the deci-
mal point fades faster than the numbers. The beauty of using strict scientific
notation is that a fading decimal point wouldn’t matter because you would
always know that the decimal point belonged after the first number.
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number is 4.5600 X 10~2. In scientific notation, all zeros are significant. The
real ambiguity comes when you write a number like 3200. How many sig-
nificant figures are in 3200? You can't really tell. You could mean ;5.2 A 1
3.20 X 102, or 3.200 X 102, which would be two, three, or four significant

figures, respectively.

Significant Figures in Calculations

There are a couple of simple rules for using significant figures in calculations.

Multiplication and Division When you multiply numbers, the answer
will have the same number of significant figures as the number with the
fewest. For example, if you want to calculate the volume of a cube by mul-
tiplying the length of the sides, it might look like this:

(3.4cm) X (56.8cm) X (2.435cm) = 470.2472  (on our calculator)

How many significant figures can you claim in your answer? The
answer is two because the first number you multiplied has only two signif-
icant figures. So the answer is 4.7 X 102cm?. Division is done exactly the
same way.

Addition and Subtraction Addition and subtraction are a little different.
When you add strings of numbers, look at the number of decimal places to
determine the accuracy of the measurement. The final answer cannot be
more accurate than the least accurate number added. For example, if you
are adding volumes to get a total, it might look like this:

(224mL) + (3.5 X 102mL) + (0.543mL) = 372.943mL

How many significant figures can you claim? In this case, we can’t really
look at the significant figures in each term; rather, we look at decimal
places. The figure with the fewest decimal places is 350. Therefore, our
answer cannot go into tenths and hundredths. The true answer is 373 mL.
Notice that the answer has three significant figures whereas one of the
numbers added has only two.

As a scientist, you will deal with a great many numbers. We use statistics
to help us get more meaning out of the numbers. An example any student
can relate to would be test scores. If your friend tells you, “Hey, I got a 40
on the last exam,” you would not immediately know whether you should
be happy for him or not. How happy you would be might depend on sev-
eral issues, including the total possible points for the exam, the average
score on the exam, the standard deviation, and your score on the exam.
You might also need to know whether you could really believe that num-
ber. Was the score added correctly? Was it a subjective or an objective
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Therefore, we would add the scores for all the students and divide by
200 to get the average on the first exam. If the average turns out .to be 85,
then the student with a 98 will feel pretty good. The student with an 85
would know that she is at the middle ground. On the other hand, if the
average is only 40, then even the student scoring in the 60s will know that
he has done better than most. However, to calculate their current grades
on a curve, students need more information.

A second type of statistical measure is a measure of dispersion. It usu-
ally measures the variations in the values compared to the mean. Often
such a measure is necessary to truly understand the data presented. If [am
the professor of the class taking the exam and I see that, of my 200 stu-
dents, 180 of them scored an 85 on the exam, with a few being higher and
a few lower so that the average was still an 85, I will know that I have a
very homogeneous class. Everybody did about the same with just a few
exceptions. If, on the other hand, the scores are scattered all over with
many students scoring below 40 and many above 90, I will know that the
class is heterogeneous. I would adapt my teaching strategy differently to
::agwai;l:s;‘::'m‘/z:e“ 8f?d?s are assigned on a curve, it is always the

Tty o S;irfi of dispersion that determines the grade.

y diiterent measurements of dispersion, and the exact

:ﬁason for using one or another is beyond the scope of this text. Some of
€ Iore common ones are presented next.

3|
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where 1 is the number of samples measured and the | | means the absolute
value of the difference between the individual value and the mean.

mean deviation
iation = — X 100
percent deviation A

I(x: — Xavp)?
variance = o2 = _(frn____;lﬁ_.

standard deviation = o = Vo?

The mean plus the standard deviation are the two most common sta-
tistical parameters. Students taking the exam will want to know their score
in relation to the mean and the o (sigma) because if the class is graded on a
strict bell curve, it usually takes a score of the mean +10 to give a grade of
B and mean +2¢ to give a grade of A. Most students’ calculators will
determine mean and standard deviation for sets of data.

Errors in Experiments

You will often read about errors and error analysis in the data reported for
an experiment. There are many sources of error in an experiment, and the
term is often used as a catchall to explain numbers that are not perfect. It is
important to realize that statistical error may not mean the same thing
as the errors that you are more familiar with. When you think of an error,
you think of something like multiplying 6 times 9 and getting 42. When
scientists think of error, they more often think of differences in members of
a population. For example, if you measure the activity of the enzyme
lactate dehydrogenase from the serum of ten different people and express
it as enzyme units per milliliter of blood serum, you will not get the same
number twice. You might have a range of values from 0.1unit/mL to

26 units/mL. You could calculate the average and standard deviation and
report your findings as

183 5.3

That is error analysis, but the error does not imply that you made a
mistake in your work. This is biological error and simply reflects the indi-
vidual variation in a population. You could have reported the values as
mean * variance or mean * mean deviation. Each way would have given
you different numbers.

If you attempt to pipet 1 mL with a Pipetman and you actually pipet
0.7mL, there is error in the process. Is it caused by your inability to pipet
correctly? Is the Pipetman miscalibrated? In this case, there is a true value
that is known, so it is easier to determine the source of error. When sam-
pling enzymes in the sera of biological organisms, it is more difficult to
know the true value.

||’!’i‘.|""..l'.""



8 Chapter1/ Biochemistry Boot

1.5 Units

Camyp

i
us Precist
Accuracy ver S te if it gives the true value. If you attemprio
nt is accura ey sy lg plpﬂ

i weigh 18, . ;
1mL of wates i i 'pegtting is accurate. The amhmeﬁc e; Yoy
n:

i our pi o
dispense the solution, ¥ ls

accuracy.
the usual groundf fofre precise if the same measurement cap
s a
Measuremen

le, if you try to dispense the 1m. © Mag
in and again. For exampe, kit ettt it :
ot es and you dispense 0.7m %, your iy
pipet ten tim ise but inaccurate. This usually dr.aws attention fop the p, ng
Iw - V:/?;l;:f)cr:i you and onto the equipment being used. Meas“remen t:gf
em a
dispersion are the usua

| criteria for precision. :

easured in the case of pipet: . .

Another parameter thate can be m Pipetting; 3
percent (%) error. If you ar

trying to measure a known quangj ;i
1mL of water, and you expect it to weigh 1g, the % error will give =
relative estimate of the error of your pipet or your pipetting technjque. a

L = el g

0y r=
% erro et

So, in our pipetting example, if your average had been 0.7 g When it ,
supposed to be 1g, the % error would be calculated as follows: as

[07¢ - 1.0
e _iTg' X 100 = 30%

The international system of measurements is known as the S (fy,

Internatioyal d'Unités) and is based on the MKS (meter—kiloéra‘:;n Systeme

system. The base units for S are given in Table 1.1. o)
Many other units are derived from S[ units, such as the

TABLE 1.1 Bgsic SI Units

Length meter m
Mass kilogram kg
Time second s
Temperature Kelvin K
Electric current ampere - A
Amount mole
Radioactivity o

Becquerel B q

Y
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//’FBLE 1.2 Prefixes for Multiple Units Y

Quantity Prefix Abbreviation \0 ‘\’ N A
1012 tera T |(;C{ 67;“1” .
10° giga G '

108 mega M b a
10° kilo K [0 mUS
10! Heet d

1072 centi c

1073 milli m

10°% micro n

10=2 nano n

1012 pico p

101 femto f

1018 atto a

Multiples of these units are most frequently used in biochemistry, and
it is important that you know these. Table 1.2 gives the most common

multiples. With these multiples, we arrive at units such as millimeters
(mm), micromoles (rmol), etc.

Very, very few numbers in biochemistry exist without units. If you cal-

culate the volume of something to be 12.34 cm3, your answer will be wrong
if you just report the number. It will be just as wrong as if you got the
number wrong. It may seem like a small point to forget a unit, but think
about the situation in which a physician tells a nurse to prepare a hypoder-

concentration? Is the drug absolutel

nurse wouldn’t know what to prepare.

%6 Concentration
of Solutions

thanol with nothing mixed in. A solution

<(V+ contains a chemical dissolved in another liquid. When this is the case, you

\S( must not only know what the chemical of interest js but also what it is
Q}@ dissolved in and how much of it is dj

> L‘O is making a glass of Gatorade from powder. If you follo.w the dir::tri?:ll;
\o @ 7 \}\ ()/\ §
5.05"% e A"
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we add them together, W€ will know that we have 2g of salt. Amounts are
always additive. If we have a solution thatis 1 8 /L and we add it to a solu.
tion that is 2g/L, We do not geta solution that is 3 g/L. In fact, the solution
would have a concentration between 1 and 2g/L based on the volumes that
we added. Concentrations are not additive.

Prcent Solutions
, g\}vdo 3@ /i jutions based on percent are the easiest to calculate because they do not

=~
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i in 1mL. What it actually
TIP WM Dorivatives of molar solutions, such as 1-mM solution means 1mmol in

? i |
mM, pM, and nM, still refer to an amount divided by ~ means is 1mmol in 1L
liters of solution. Many students mistakenly think that a

olar Solutions A 1-M solution
: -M solu
es of solutions are molar solutions. S
/The most common typ mM solu

means 1 mol of solute in a total volume of 1L. Al-ml ti;)n hasl : zrll(r;lcz;
(10-3mol) in a total of 1L of solution. A 1-pM solution has 1 p.mo
of solute in a total of 1L of solution.

Remember that moles are calculated by dividing grams by the form:lll;
weight in grams per mole. For example, if we have 13g of compourt
and its formula weight is 39 /mol, it means that 1 mol of compoun

weighs 39g. If we have 13 grams of it, we calculate moles thusly: |

13 g + 39 g/mol = 0.33 mol

If we then take the 13g and bring it to 0.5 L with water, our molar con-
centration will be

033 mol + 0.50 L = 0.666 mol/L = 0.67M J

—

1.7 Dilutions Dilutions seem to be one of the hardest concepts for most beginning bio-
chemistry students. Even after chanting the mantra “Dilutions are easy,
dilutions are fun, dilutions make sense,” students still struggle. Doing
~V) problems is the only way to really understand dilutions. A book such as
- w\(‘ Irwin Segel’s Biochemical Calculations can also be a big help.
&)’ When doing a dilution, you always start with a concentration of some-
& Y thing and add more solvent to it, thereby lowering the concentration. Think
a\)\ about that! If you do your calculations and determine that the concentration
(© &\ increased, you have made a mistake. Check your work each time by making
sure that your concentration did in fact decrease with your dilution.
@l There are two simple ways of doing all dilution problems: the C,V;
\\ﬁ) method and the dilution factor method. Both methods are essentially the
same if you understand math but also have subtle differences, which you
may or may not appreciate.

C1 V1 Me thod

his method uses the formula

CVi =GV,

and is good for those of you who are less comfortable with math. It is very
reproducible and always works, once you know how to define the variables.
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formula, Y
First/ to use the ; ; . g
c. = initialc oncentration, which in this case is 0.2M
v] _ initial volume, which is 10 fnL X
. : ; ion, which is what we want to know
c, = final concentration, . o
2 ; jume. This is 2 potential danger point! The fing]
i final “,0100 n;L- Remember that the volgme of solvent adq &
| umet lf's 90mL) is relevant only in that it l.Jsually 8ives us the
(thI \1r<;lume. Sometimes 10mL + 90 m}. will not equal 109 mL,
gixt for this example we assume that it does. For the calcyl,.
tion, you always use the total volume, so
GV =GV,
(02M)(10mL) = C,(100mL)
(0.2M)(10mL)
CETIIoomL o e 18
Dilution Factor Method

The dilution factor method is faster and better for multiple dilutions. We
define a dilution factor to be the final volume divided by the initial volume.
This is just a convention, but we use it consistently throughout this book.
Therefore, in our previous example, the dilution factor is 100mL/10mL =
10, or equally said, a 10-to-1 dilution.

Now that we have the dilution factor, what do we do with it? Well,
there are really only a couple of things we can do. We can either multiply it
by C, or divide it into C;. One possibility gives an answer greater than
what we started with, which we know can’t be right. Therefore,

C
53,
f
0.2
C ==
2 10 0.02 M

Can you see that the two
The reason that so

centration increased wit

refer to a dilution as a

methods really are the same thing?

ma{\y students get answers that indicate the con-
h dilution is because of nomenclature. Many books
11010, or 0.1. They get that by defining a dilution
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factor as initial volume over final volume. There is nothing wrong with
doing that, but you will have to then multiply your i.nitial concentration by
your dilution factor. Any way you do it that is consistent shc?uld work for
you, but we will always be consistent and do it the way described.

Multiple Dilutions

When you have multiple dilutions, using the dilution factor method is
more efficient. If, for example, we make a dilution three times, calculate
the final concentration thusly:

100 mL
Dfl = 10 mL s
50 mL
2h sicd 2 ml: i
_90mL _
D, =ZomL =3

D, =10%x25x%x3=750to1
total

If we start with the same 0.2-M solution, calculate the new concentration
as follows:

\ =—Cl—=ﬂ=0.00027M
ol v Dy 750
total
=0.27 mM
=270 uM

The final conversion from molar to millimolar to micromolar will eventu-
ally be simple for you. Refamiliarize yourself with the metric system so
that you can do such conversions effortlessly.

Many experiments in this book will require you to make graphs as you
analyze your data, so we will spend some time reviewing graphing basics.
The first part assumes that you will be drawing the graph by hand instead
of using a computer program. Understanding these concepts before trying
to make a computer do this for you is important.

Drawing Graphs by Hand

A graph is a plot of two quantities. One is something that you control and is
called the independent variable; usually it goes on the x axis. The other is the
quantity that changes as you change the independent variable. It is called the
dependent variable and goes on the y axis. For instance, if you put varying
quantities of protein in a series of test tubes and then measure the absorbance,




14 Cha

Quantity

0.001 mg 0.05
0.003mg 0.16
0.005mg 0.225
0.007 mg 0.33
0.008 mg 0.375

FIGURE 1.1 A pipper linear
graph
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Drawing the Line To make a graph, you must know something aboy
system and what you expect to see. When we dq a l?rqtem assay, for exany,
we expect to get 2 straight line, at Jeast to a certain limit of protein in the tui:

g o =
35-
R
g 25-
g
2
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<
15
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05
0 1 s gy i |

gYF i e g e 2 @3- B
ug Protein (or mg protein - 103)
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o Constant Scale It is also important to remember that the scale must be
..p h constant. If you define 1cm on the graph t© be 1pg as in Figure 1.1, then
he that scale must be maintamed. A common mistake is to change the _scale tfa
100 fit your data instead of plotting your data ont a given scale. This mistake 15
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e Use the Whole Graph Figures 1.1 and 1.2 are actually @ bit small. 1t is gen-
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unknown from it.

FIGURE 1.2 An improper
graph
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Log Mobility
MW MW (cm)
15000 4.18 6
40,000  4.60 2.9
66,000 4.82 1

FIGURE 1.3 An unaccep,
able log-scale graph
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TABLE 1.3 Absorbance versus 0 2 4 % 8 0 12 14
Micrograms of Protein
ug Protein Absorbance |
0 0 Bad Data Points The one thing that you can do manually better than a com- ¢
puter is decide when you have a bad data point. Let's say we want to plot ’
10 019 the data for absorbance versus micrograms of protein shown in Table 1.3. If |
20 0.20 you plot the points on a standard graph, you will most likely notice that '--*‘
30 0.05 five of the six points fall perfectly on a straight line. However, one point
40 0.40 (30, 0.05) is way off. Most computer programs default values would draw
50 050 the graph shown in Figure 1.6 for these data. As you can see, the line is

well below all data points except the bad one. Most of us would choose to
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F-IGURE 1.6 Linear regres-
sion for a graph with a bad

TABLE 1.4 Absorbance
versus Micrograms of
Protein for Bradford Assay

ug Protein  Absorbance
0 0
10 0.10
20 0.21
30 0.29
40 0.40
50 0.52

Absorbance

0.1 T T T \
0 10 20 30 40 50 8
ug Protein

redo the 30-pg tube rather than report data of this caliber. If t
possible, we would probably draw the line through the fjy.
and ignore the bad point altogether.

at Were

€ perfe o

Ct Poinyg

Graphing with Computers

Many of you probably have your own computer with a
or spreadsheet program with graphing capability. We live in the 4

age, and more classes are becoming computer driven. Many graphirputer
grams are available; Sigmaplot, Kaleidagraph, Quattropro, ang EXCglpru
just a few. We use Excel as an example of how you can analyze data isf"fe
spreadsheets and graphing programs. ing

8raphing Program

Loading the spreadsheet The first step is to set up the spreadsheet. With
Excel, you have a basic grid of columns, which are labeled A-Z, and rows
which are numbered 1 to several hundred. Each combination of a numbe;
and letter is called a cell. You start by putting data into the cells. Cells can
hold data in the form of numbers or letters. For most applications that we
are interested in, we put in numbers. If you want to plot absorbance versus
micrograms of protein for the Bradford protein assay, you might have data
that look like that shown in Table 1.4.

When you load this into Excel, you can put the column labels (j.g Protein
and Absorbance) into the spreadsheet, but that is not necessary when plan-
ning to use the data to make a graph. The program will “talk” you through
creation of the graph, including labeling the axes. It is best to put the values
that will be on the x axis into the left-hand column because it simplifies the
graphing process. Figure 1.7 shows what the spreadsheet looks like.

Creating the Graph Once you have loaded the data into the spreadsheet,
you are ready to create the graph. Excel provides a user-friendly process
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FIGURE 1.7 Graphing data loaded into Excel spreadsheet

involving dialog boxes. First, select the data that will be put into the graph by

clicking on the A1 cell and dragging down and over until all data are high-

lighted. Then click on the Chart Wizard button. The first dialog box that pops

up gives you a choice of chart types, such as bar graph, pie graph, and scatter
plot. Once you choose a basic type, it gives you subchoices and pictures to
help you choose. We will choose to do the XY scatter plot, which is normally
what you will want to do. Here is a potential danger point of using a computer to
make a graph: The default value for many computer programs has straight
lines connecting the points (the dreaded connect-the-dot graph). This is usu-
ally wrong in biochemistry. What you want is a best-fit line of some type; in
our case, it is a linear regression line. At this point in the process, choose the
XY scatter plot that does not attempt to put any line over the points; the line oo
will be put in later. With whatever program you are using, you must learn

how to make the program give you the type of graph you want. Don't rely on

the default values. With Excel, click on Next to continue the dialog. The next

box that pops up (box two of four) asks about chart source data. If you have
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FIGURE 1.9 Customized _
graph of data presented in Absorbance vs. ug protein
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FIGURE 1.10 Enzyme kinetic data loaded into Excel spreadsheet



1.9 Pipets and
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kinetic data as they appear in an Exce} sprfaafishieet. The left Co_lumn fopid
sents the concentrations of substrate in mll'hmo ars, and the right columy
is the enzyme velocity in microrpoles per 'Illlnf,lte.

Once the original graph, w1thouf a line, is created, add.a trendline
before. For hyperbolic graphs, there.ls no correct menu choice with Exce,
unfortunately. The best you can do is selefct L.ogarnthmxc when yoy get to
the trendline. This gives the graph shown in lfxg.ure 1.11. .

This graph looks reasonable, except that it is a log_anthmic function, A
logarithmic graph is curved and similar to a hyperbolic one, but the equa-
tions do not match. This graph gives incorrect values if you attempt to
interpolate kinetic constants from them. The good news is that you can use
your spreadsheet to manipulate the data. If you take the reciprocals of the
data and plot those, you plot a Lineweaver-Burk graph. Figure 1.12 shows
the Excel spreadsheet with the reciprocal transformation.

Figure 1.13 shows the completed Lineweaver-Burk graph. By using
the trendline options, it is possible to extend the line until it intercepts the
x axis. This is necessary to measure the kinetic constants from this graph.

Much of your success in the biochemistry lab revolves around your ability
to choose and use various devices for measuring and dispensing solutions.
These range from simple glass tubes, called pipets, to highly advanced and
expensive units collectively referred to as Pipetmen, although this is really
a name given to a particular company’s product, similar to saying
“Kleenex” to mean any kind of cleansing tissue.

As you learn to use these liquid-transfer devices, always keep in minld
that you are striving for two things—accuracy and precision. Accuracy *
the relation between the volume you dispense and the volume you wanted

=1 llr—‘ﬂm
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FIGURE 1.12 Excel spreadsheet for linear transformation
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FIGURE 1.14 Volumetric
pipet

and are trying to dispense 100, e .
was very inaccurate. Precisjop P, ‘
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dispense 100 pL into each of ¢ o
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’ g;fecrllstlhey are calibrated:
Volumetric Pipets

: ——
- ivet is calibrated 0 deliver one set volume e ~
e 14. The tolerance for error is sometimes rltteamon
1.14. I

e Figuiple a 10-mL pipet may say £0.2%, and that gjy th:
ipet. For exampl& ;
Z)I(l;ztcte: accuracy of the pipet:

. . ts <
easuring Pipe ted to indicate varying volumes of liquiq s Yo
ese pipets are gra_dua ny different volumes up to the maximyp, vol
can use them to deliver many two basic types. Serological ok fo.
ume of the pipet. There are include the volume al] the Olten

ut pipets, are graduated to inclu . _ € all the wy fo
:l;:(lek:id lzll:i’gl‘:e 1.15). If you have a 10-mL serological pipet and you wangy,
de]ivepr 10mL, bring the volume all the way up to the zero line and thep
expel all the liquid. Mohr pipets are not graduated to the tip; to dispeng,
the same 10mL, let the meniscus run down from the 0 line and thep, stop it
at the 10 line (Figure 1.16).

Because your accuracy depends on how well you can get the meniscus t
start and stop on the lines you want, a pipet is most accurate when used clos-
est to its full capacity. A simple calculation will verify this. Suppose you are
going to dispense 10mL using a Mohr pipet that has graduations of 01 m[. It
your hand-eye coordination is such that you routinely have an error
of 0.1mL, you might accidentally stop the meniscus on the 9.9 line. That is
an error of 0.1mL/99mL = 0.01, or 1%. Now, if you try to use the same 1(-
mL pipet to dispense 1 mL, draw the solution up to the 0 line and attempt to
stop it at the 1-mL mark. If you have the same inaccuracy in your technique,
you actually stop it at the 0.9-mL mark. The error is 0.1 mL/0.9mL = 0.1, or

FIGURE 1.15 Serological, or T ;
blowout, plpet = e RN 2 oine | B=—=

FIGURE 1.16 Mohr pipet

E - — 10mL in V10 T ]ﬁiﬁ




