PHARMACEUTICAL
ANALYSIS

[MORPHINE ACADEITY

Ruba Mohammad  *
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Definitions
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Analytical Chemistry: The Science of(ChemicaI Measu rements.>
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Analyte: The(compound or chemical species|to be/%ieasured,
P—— -_— .

@separated or studied®
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Qualitative ir}‘stru mental analysis is that(measured propert> that
indicates presence of analyte in matrix
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Quantitative instrumental analysis is that magnitude of

measured property that is proportional to concentration of
analyte in matrix e Qualibaie -
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3 CLASSICAL AND INSTRUMENTAL METHODS
a L g0 <3l
CLASSICAL: ... ..o @ o o @
s» Qualitative - identification by color, indicators, boiling points,
® odors

(“)'—/‘))\(}:_L:ZJ\ 'UQ;\ d*’“J\
J " J

«f Quantitative - mass or volume (e.g. gravimetric, volumetric)
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INSTRUMENTAL: ERET e s e
ualltatlmgraphy, eIectrophore5|s and |dent|2159t|on
by measuring physical property (eg spectroscopy, electrode
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mg property and deter@nmmg relationship
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B&)concentratlon (e.g.” ~~ spectrophotometry, mass
| &

spectrometry). Often, sabe instrumental method used for

gualitative and quantitative analysis. >
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Types of Instrumental Methods
Example methods +—
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Radiation Emission spectroscopy, — =% sl
emission .0 210 | fluorescence, . g
o hosphorescence, luminescence
Spectroscopy P p o i Cas
Technique | B diation sicn s | Absorption spectroscopy ™ s et
wLes sk | absorption 'spectrophotometry, photometry,—— ::J \
/ -
nuclear magnetic resonance NMR
Electrlcal otentlal Potentiomet - &W‘
Electrical charge Coulometry . + 1 =
Electrical L 0) 4 SR B 4 ot
- . o -
Technique | Electrical current | Voltammetry - amperometry, Cg*:;,’
S Ut polarography— &/, o g '
Byl oL
Electrical _ Conductometry
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resistance e =
Thermal Thermal W Thermal gravimetry, calorimetry
Technique 7 S gt o B St oL
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Types of Instrumental Methods

Spectroscopy technique:

(Sample) e le ki (Energy/Light source) (Glb) iy jims Suie §5SG
4l i (Excitation of electrons) o bug ASIM g Jass (ol el Jolall 15]) Goall
aiall £ g3 saal ,ad] o Lie (aalS / Detector) J—MZ Cro i i

Radiation absorption: —
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Radiation emissio Ko
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Electrical technique:

cLua¥ ) sl o<1 (Electricity) <L < aga 3leadl slgs Séally pH Jb ;b5 suie 6K a3y
Lty )

Thermal technique
(Thermal energy) <,/ ,all Glall 4a 381l
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Block diagram for the overall process of instrumental measurement.

Example:
Instrument: 5
Stimulus: .-

Analytical respons

L5\

e o q)\a:-d%\

spectrophotometry ., .-
spectrophotometer ., .
monochromatic light energy b\:j oo
light absorption ., _,...u

Transducer: . .

Data:
Data processor:
Readout: ., ._

Z_\u..n

RN
photocell |, e
. So))
electrical current
— SW
current meter EDA
meter scale > o
N N Y
é ) ol .
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DATA DOMAINS: way of encoding analytical response in electrical or non-
electrical signals.

Interdomain conversions: transform information from one domain to another.
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Block diagram of a fluorometer

g 30l) Lgad aumi 3,alls

Elas) o g Lpooliaial aay Phototransducer 4693‘-‘—
Aol Gans 585 pulul] punind y
Fluorescence |_| |
s / R Vv
emission .|
Energy source < l 3
\
: Resistor &y 2
Optical \/ Digital voltmeter
. soas €~ filter
Laser Co, ,waker TONiC water
s
) (analyte) (a)
\
\V// = NI N
AV |
. . Fluorescence ; :
Information Source ‘ lectric:
o) — .S( ur‘_‘ = intensity ~ Electrical * Voltage V > Number
flow intensity , ¥ current /
of analyte
(b)
Laws of Transducer Ohm'’s Meter
Governed by » chemistry and transfer law transfer
physics function V=IR function

FIGURE 1-3 A block diagram of a fluorometer showing (a) a general diagram of the
instrument, (b) a diagrammatic representation of the flow of information through various

data domains in the instrument, and (c) the rules governing the data domain transformations

during the measurement process. 8



Figures of Merit



Performance Characteristics: Figures of Merit

How to choose an analytical method? How good is measurement?

Slaions (ha 5 lal) sinte gt oo 5T ] AN
How well a calibration curve follows a straight line?- Linearity.
¢Sl il WL gus s 5l S5 < ]
“"“;ji* How reproducible? — Precision e et e e Y
isiadl Ladll e daiill )8 sue Lo 3Ly / daall

How close to true value? - Accuracy/Bias

Sulis (Say 3,8 yaa] Lo Lovuliwall
How small a difference can be measured? — Sensitivity

What range of amounts? Dynamlc Range

Sugagl Ul luis Lo R

How much interference? - Selectivity 10
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* How well a calibration curve follows a@craight Iine>
* R?(Square of the correlation coefficient)
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M FIGURES OF MERIT: PRECISION

Lilguall gf Baantl jue cUaaYI LIS m L@Mw C:.L:m“wg;@;,;”
INDETERMINATE OR RANDOM ERRORS e
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. o X iy ol @Sl G Sy
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Standard deviation: s =\ 1—0 (Slaliil o oS L85 ang)
b
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Variance: s~ | R
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Relative standard deviation: RSD =—  s=iRSDaicis L
\_/7)—( JedT Bl eulS
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DETERMINATE ERRORS (operator, method, instrumental) »_. =-

_._,..,::;
Bias: bias = @
J
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lllustrating the difference between /‘Terccuracy” and “precisionﬂ
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.~ Low accuracy, low precision Y

High accuracy, low precision High accuracy, high precision
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Accuracy vs Precision

(@) (b) (©) :“”

Reference value

4
Probability Accuracy
: - >
denSIty @mlc,&uLJJ i slaldll gl
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>
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FIGURES OF MERIT: SENSITIVITY

OC R A
Indicates the response of th instrument@o changes in analyte
concentration or a measure of a method’s ability ta_distinguis
between small differences in concentration in different samples.
Effected by slope of calibration curve.

AL
Snlall sinie oo 303 $F —
E) 3 N
o S
m = slo e, ﬂ t e Shpe 27

Ss is the standard deviation of measurement

(larger slope of calibration curve m, more sensitive measurement)

’l S‘afC T SeaSikve 8 ylad) giaie Jus K LK) YZ
sl Lulianll 2l ST Slgadl 8508 ol duulouall
I <D U Sengibine ) 5% - s e sy .
& iall &l el (Aa daadls
S g o
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FIGURES OF MERIT: LIMIT of DETECTION (LOD)
Signal must be bigger than random noise o

lank

Minimum signal: Signal, ;.. = Av. Signal yj.c + KSpiank Gow oot

Gl\q\\Q*c.
From statistics k=3 or more (at 95% confidence level)
Typically 3 times the signal-to-noise LOD =3 x Standard deviation of blank/
(based on stan viation of the [ ©OF Slope
noise) ='. 3> J3 5 afbu oo ~ 3xs
) 2boe Fopcuat, LOD=3 xSp/m  |[LOD = 2x%
sbogal S weihiss) ™
s this peak real? LOD = GLEST jleall oSas 5555 3T Sl e 555 ¥ (Blank) 22, st K
B1Se] 5yl iy ¥ 60 oy %SWSJWI&HAB}L@%'QQ‘LGJ&M
ok @\06\5&»5\;\\5\5 + uqﬂé. .Qxfi\:f";\ﬁs.\g’(—mo'se) sLds.all
LD = als ol S gt ¢¥ Slenll e — LOD s 5 — (m) bl 13 13 K
3 el : g2b (i) yieeal 5815 S e Fals
Lo® =¥

(¢}
™ a3 — (Sb) Ll Taall (s Lkl slasy aly 13
3X std dev of the noise o J.J):“I ~( _)jcjl i 6|) o L(;)D o
(baseline in a blank) LT oo sl e Sleall 8,8 & — b
Rypbus]
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FIGURES OF MERIT: DYNAMIC RANGE

At limit of detection we can say confidently analyte is present but
cannot perform reliable quantitation asise < suls clal <o ¥

@ (limit of quantification): [lowest] at which quantitative
measurements can reliably be made. Equal to 10 x Average Signal for
blank i.e. 10Sbl. or | L0Q =10 x Standard deviation of blank/ Slope

Bsige §ygemy LOQ=10 xSb/m LoD —  cuiet &
LoD § i b LOQ — «<s\sp\ \o

Limit of linearity : when signal isino longer proportional to

concentration T RO e e 2 LY Lasie s ol Al

Dynamic range: the ‘maximum range over which an accurate

measurement can be made ©e 38 ol <La] (Smrges xS T
LOQ L_K% (LOL) dkaadl sa o) (LOQ) ooeSI 5ol s yo iy {

From limit of quantitation to limit of linearity, )
LOQ: 10 s of blank
LOL: 5% deviation from linear —, ¢2 ~ .

L an B
D e : LOL 02 - )6 - LOD: sslL! Ol i [ |
ynamic rangq: m 107 to > 1(C X L Sugnse. ; p Dynamic range
' * LOQ: Lubids ell o ‘ l

i B EES |

Concentration
« 19

* LOD — Detect (<L),
* LOQ — Quantify (oS ubi).
* LOL — Linearity (duball Llg).
* Dynamic Range — @il Jlall

trument response

Ligigay s liall 4d (S5

Ligigas By 3Ll LS,
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Example S = SO\ %+
An analysis of the calibration data for the determinatian of Iead based upon its
flame emission spectrum yielded an equation: S = 1.712C + 0.312 where C is the
Pb concn in ppm and S is a measure of the relative emission |ntenS|ty The

= |\

following re_pw were obtained: .
Canl Sl MERARRNN
" No. of (V' Ry
S (Gonen | apicae Mo vave | o oo
@ - *Colibmlion Sensitivily = Slope J3d) o

10.0 10 11.62 0.15 * oralphal Sosiny= v= -
1.00 10 1.12 0.025 | WP wediee
0.000 24 0.0296 | 0.0082 —»“;’”fi;fji\

(350 avs) glank 2
ECEILAARYEVON CNE R AT SR ) )

Calculate (a) the calibration sensitivity, (b) the analytical sensitivity at 1 and
10 ppm of Pb,(c) the limit of detection limit (LOD), and ,(d) the limit of
quantification limit (LOQ) s e :
Example Solution: .
a) calibration sensitivity is theCope of the calibration curv@ 1.12
b) Usind y= m/Ss|: at 1Q.ppm y=1.12/0.15=7.5at 1 ppm
y=1.12/0.025 = 45 @ Y
c) LOD= 3 x Sb/ slope= 3 x 0.0082/1.12 = 0.0219

d) LOQ= 10 x Sb/ slope= 10 x 0.0082/1.12 = 0.0732

t
y=rarb = S=\Wcroa2. .. @

D & el et

L op = A’SSbi ((5\ \<)3

LoQ = \oxS
mwm

20



CALIBRATION METHODS

Basis of quantitative analysis is magnitude of measured
property is proportional to concentration of analyte
Lelala o0 Bulll 5555 & Guye owulis Lol Luanlad) a8 —

X X
Balll 355 aantl 8,LaY 1 aluiionl Koy ellil o(Slas¥ ) 3asd 57 o loaied | Jie) 3lead! Lauis (o311 B,L591 casly Ball) 355 ol LalS 6 gimay

Signal <[x] or Signal =m[x]+ Signal;,
b . . N
. x| = Signal —Signal |, e
.~ m l
3! ch,_,L,; o e b e e
: oma\jlc ) Jf/\; 2 v IS“\%NM\MK. )

B

4 w\qldlc B\ u:'/\,; J2 Slope-“ EY M)/x

- owadge 3) P53 Aoz Shpe N $Ws

@



CALIBRATION CURVES (WORKING or ANALYTICAL)

a8 wwly}o)\ ;fj v e\ the maximum range over which an accurate
\ \ measurement can be made + Trom Lo@ raer
. b
Dynamic Range e
<
Instrument
= LOQ
Response
(Signal)
= LOD
2= &‘_:}3 &\ é—i—J/Q;Z/
Slgnalblank =
-

22



SAMPLE PROBLEM:

o
yA—
. / j(ﬂ\
(%) | —Analyte Concentration (ppm™) Absorbance
0.0 (blank) 6 wiye) 0.05 4
0.9 0.15 v
2.0 0.24 4
3.1 0.33 o,
4.1 0.42 9

Y = Slope - X £ it gpk
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(2
ot “\“k

4 A LI "

Define Variarye/ and Covariance:

_IEi-®) ¢ _EE =% =)
N -1 - N -1
Xx=2.02 7=0.238

O (2.02% +1.12% +0.02> +1.08% +2.08%) 10 823
SXX _ - -

S

XX

= 2.707

4 4 et

S - (—2.02 x—0.188)+ (—1.12x —0.088) + (—-0.02 x 0.002)+...
Xy —

4
= bt =0.23905

4 —

24




Sxy | 0.23905

Slope: m = — =(.0883
Sx | 2.707
A=y -mx|
Intercépt: = 0.238 - (0.0883 x 2.02) : -~
= 0.0596 G o o= B

- \"\*.Q(QV\— A\ Qo

Lo 5! D ogsdlo
S ST ¢
s Y

Calibration expression 1s

/Absorbance=0.0883[Analyte (ppm)]

L’7 N = MU+ \r\‘ch{p\’

\3 = 0-0%33U + o0-0%4a}
\!

ConC . for
owatyte (pp)

25



Calibration Techniques

26



Calibration Techniques

e 1. External Calibration Curve Method
e 2. Standard Additions Method

3. Internal Standard Method

R

27



External Calibration Curve Method

W
-xQ) .

H\’/
v N/ LoLaill ol o o sue

; Most convenient when a large number of
similar samples are to be analyzed.

2. Most common technique.

=

;lf‘z(l‘a:elélﬁb.c
3. Facilitates calculation of Figures of Merit.

/

u;...xs.:;ﬂ.s _u_. b‘).\l.t.o@.;u.a‘s..u‘).w Lé_ul_ulwu.m‘s.s MJJM

-~ < % I
Bl (R & 5L w2l

_ . i
R 7 ol= € unkmund 3 C) ol €

28



External Calibration Curve
Procedure

Ll sl
1. Prepare a series of standard solutions (analyte

'solutions with known concentrations).
e —

Ll 8,LaY 1 Jilie Lebidas sl 8ol 5855 aea)

2. Plot [analyte] vs. Analytical Signal.

3. Use sighal for unknown to find [analyte].

S5 = X g3 jeall ¥

5 = mC =5 SO : él-;_‘lxl‘o MISJugI=y§JMIWI*
D\ank.
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Example: Pbin Blood by GFAAS

X

roos
[Pb} | Signal
(Ppb) | (MAbS)
0.50 3.76
1.50 9.16
2.50 15.03
3.50 20.42
4.50 25.33
5.50 31.87

Results of linear regression:

S=mC=zb

6\m = 5.56 mADbs/ppb

W

“b = 0.93 mAbs

30



mAbs

35

30

25

20

15 -

10 |

3
Pb Concentration (ppb)

4
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(ot Qy\w\u

K)
Calculate the LOD for Pb

20 blank measurements gives an average signal
0.92 mAbs
with a standard deviation (Sb) of
o, = 0.36 mAbs
LOD =3 Sh/m =3 x 0.36 mAbs / 5.56 mAbs/ppb

LOD =0.2 ppb

32



Find the LOL for Pb

Lower end = LOD = 0.2 ppb

(include this point on the calibration curve)

C <

S_op = 5.56 x 0.2 + 0.93 = 2.0 MAbs -

S-

MmC+ b

e ol LD =

(0.2 ppb (X), 2.0 mAbs (Y))

33



Find the LOL for Pb
gﬁ@glstglwsumgﬂlwlb;w?: PR - o
O ons OIS 31 3,L3Y1 e %5 Loy cidyail 18 w8y Jaa dille ad () Galioyll 5855 w35 s

: ] ] o e adiical | Al e Calaty L (aaill Tay ohe
Upper end = collect points beyond the linear region
and estimate the 95% point.
C O\sCayay
Suppose a standard containing 18.5 ppb gives rise
to s signal of (Y practical= 98.52 mAbs)
Lilac
This is approximately 5% below the expected value
of (Y theoretical=103.71 MADS) ., s s pgi

s
%

dadgill 5Ly s il

(18.50 ppb , 98.52 mADbs) e Bl 5o SlaY] ladex

‘J‘/j U RN P (Practical & theoretica])

SN = Hreobical - practicd o ) wle 3,8l s daillgx
Freoreriad. 100 < w4 theoretical

-§>\‘sé\(:5



Standard Addition Method
Reduce(matrix)effect
ealis %ﬁglsdulysdﬁglwml@sﬁwﬁu
1. Most convenient when a small number of
samples are to be analyzed.

2. Useful when the analyte is present in a

complicated matrix and no ideal blank is
: S £ Jslae isis ¥
available. * E



Standard Addition Procedure

Add one or more increments of a standard
solution to sample aliquots of the same size. Each

mixture is then diluted to the same volume.
a3l amall () bda JS 882

Prepare a plot of Analytical Signal versus: o
bl wlidll Jglatl 2 J s (3) S Lyt

. S
a) volume of standard solution added, or
Ailall Lhlas sl 3ulll 5853

b) concentration of anaK/Ste added.
Sanall Ludi o] i 15U
oo LSl 3,Lay ) o8 a6 oia
eals SLALY Haculidl) Bull) daas
Jalladl amn CEYGA i




Standard Addition Procedure

3. The x-intercept@e standard addition plot
corresponds to the:amount of analyte that must

have been present in the sample (after accounting
for dilution). R

4. The standard addition method assumes:
pieal | SELAT gas o b il S o
a) the curve is linear over the concentration range
heall Gglows 5 bl canil golaall adaill 566 )
b) the y-intercept of a calibration curve would be 0

37



Calculation of standard addition

(‘\C _ b Cs\/s
n

mv_x
* Ox = Usgall sulll 555
*Vx = Usgad Caall ana,

\e N * - L.
Goc & sang P S Cs = guulidll Jglall 355
° * Vs = GLall bl Joladl ana.

K (}“v Q\S
" 2}4\0 *m = Lall fea.

\
<C’X>= bCs/mVx) [ oo "0 =Hupzponas
U A

o K-?S\ngt'

Volyums of standard added

AL grealll Jolall pmm 55 s

5LEY) el sia sl gl

ssndl ole Ll L o6 lldl Biaa
C)’- gl_._laa,/vk

P LaS dadipe (46 X dad!
e T (%) Baall 58 Slo 3asmsl SJLU;
Where: S '
Cx and Vx = the concentration and the volume of
unknown
F_y——f—

Cs and Vs = the concentration and the volume of
added standard

38



Example: Fe in Drinking Water

AA)M—A‘

Sample | Standard |

Volume | Volume
(mL) (mL) |Signal (V)
£

/10 | 0 0.215
10 | 5 0.424
10/ 10 0.685
10| 15 0.826

\ 10 20 0.967

: ):’f"/

’ A ) s

Aol

CS

The concentration of
the Fe standard
solution is 11.1 ppm

All solutions are

diluted to a final

volume of 50 mL
o2
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V)

1.2 -

1 A
0.8 -
)2 Wiyt s W 0.6 -
-6.08 mL 0.4 -
-10 -5 10 15 20 25
L]
L -0.2
. @ @f standard added (mL)
== e e
@)\ b= 20



, [Fe] = ?
o Seeal sl il 2K

Uggall Luall ;o mL 10

Basashl waall LueS Julas

x-intercept =€6.08 ml)—% b @t I

Therefore, 10 mL of sample diluted to 50 mL would

give a signal equivalent to 6.08 mL of standard
: RTINS
dilutedto 50 mL. . L B0 et el
a3 Sample 3\ ¢ ‘\ 27 6\‘/ v 44,20 _\:a‘)j&s\;ﬂliflm;'z’li_}:u.ll;ﬂ
\/ x ( - Vs X Cs .ML 10 Lana 8353
bakapan b Koat anall s oga mL 50 JI L
Vsam X [Fe]sam = Vstd X [Fe]std e ety il Zl‘jswl

10.0 mL x [Fe] =6.08 mL x 11.1 ppm

spoall LS 1 Laials 6.08 11 3.
S Joles Usgall Bl (54 35l [Fe] =6.75 ppm
Jslall s 6.08 (o usasl ] wasll —
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Internal Standard Method

Reduce matrix and instrument effects
Slead! iy ddsiaall L5 e JIi

: SloLaYl : :
Most convenient when variations in analytical

sample size, position, or matrix limit the

precision of a technique.
il s e

May correct for certain types of noise.
Ll £ 1551 s el O oS



Internal Standard Procedure

Byalakl inie Lk o Jadi LS o(A) Lebalad sl Sulall Lonlidll Jullall oye degana podad
1. Prepare a set of standard solutions for analyte (A) as
with the calibration curve method, b dd a constant

amount of a second species (B) to each solution.
(ol Sl anio(B) Lilh ule (pn al5 LuaS shaa IS (o] e o

G 8 ad
2. Prepare a plot of(SA/Séversus [A]. wh
<EA‘J:%,\*)J&_§%%:>@;~: E’J>> 2 Aas) €
: : . =K}
3. External calibration equation x s B e

A ,La) ole waias O Ju idalowss 3 S8HBF
wle Lol Lovatll sda 18 L0 a5 ygago

<SA/SQ= @C + b> A oW 5L P SA &
S \» R BUI Ll 20 oD Sg 4
VBRI SARCPNY CL/:‘-A’

S& = 9 hs
e 43



Notes

1. The resulting measurement will be
independent of sample size and position.

e 909 asall s (o Haliuus
il Lpadas g Jalam o Ls) By A obslll g ¥ cas
2. Species A & B must not produce signals that
interfere with each other. Usually they are
separated by wavelength or time:>

il gage Jok sic L)
Al 5.45
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Example: Pb by ICP Emission

B oo wle s e . - ETRIETI
- ¢ .gaws Each Pb solution contains o
R= " 100 ppm Cu. PR
' lalll Ll
!
Signal / —
0 — / {-mntb
[Pb] 100 ppm
L <}—(ppm) Pb Cu Pb/Cu
20 112) | 1347 0.083[ '+
40 243 | 1527 0.150| 12 -oon
60 326 1383 0.236
30 355 1135 0.313
100 558 1440 0.388
Logs Seb = 22 LS. = \2%0 45



ICP Emission Signal (mV)

1600 -
Cu
1200 - AL o SLg)
" D, Coxf e Av S X,
\)‘\J/_‘"
800 -
Pb
400 -
5 L N
216.0 216.5 217.0

Wavelength (nm)

21 7.3
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Pb Emission Signal

0.450

0.400 -

0.350 -

o
W
=]
=)

0.250

0.200

0.150 -

0.100 -

0.050 -

0.000

Internal Standard Correction

20

40

60
[Pb] (ppm)

80

100

120
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Results for an unknown sample after adding

100 ppm Cu
Signal
Run Pb Cu Pb/Cu

1 346 1426 0.243

2 297 1229 0.242

3 328 1366 0.240

4 331 1371 0.241

5 324 1356 0.239
o [mean Al 550l o241 @
(7 N— \—

(%)“?“@= 000380+ 0.0066

———

S X=61.684 ppm of Pb

o  ——
S / 48



Another way for Internal Standard method

G plalall Lall Byl Glaad HAT sl

s s e aiewd  Calculation

ERNWEL I

In a single-point internal standardization, we prepare a single
standard containing the analyte and the internal standard and
use it to determine the value of@ S\

d’\)' \A.)\ \Jjuj K-\C' \ Sﬁ K_?W 0)\»,\
& LS
' X o/ std '
Qo= <2 andde 3 5 L/, /\,,,,\ 5,0
Sr—/\J:’n—)-\ ’q',lﬂ)\

* Where, CA is the standard concentration of the analyte, SA
instrument response of analyte, CIS, and SIS the are the

concentration and the response of internal added compound,
respectively. 5 (K bl ialy Gauls oo panins (] on Lin 5,540
Coall o8 Lebadas oL 3ull) 585 alany oda K das andiis

Usgall



v (8)
) (A)
A sixth spcctrJEhotometric method for the quantitative analysis of Pb** in
blood uses Cu™" as an internal standard. A standard containing 1.75 ppb
s &Y Pb2* and 2.25 ppb Cu** yields a ratio of (Sp/Si5)of 2.37. A sample of
blood is s;iked with the same concentration of Cu~*, givin¥ a signal ratio,

5 PANAD) of 1.80. Determine the concentration of Pb*7 in the sample

'~ of blood. e > ATV E (&)s 2.21 ¢\t
3:} .\b>\ Cp = 2.29S ppP Sgga
N SOLUTION allows us to calculate the value of K using the data for the
standard
N
0 \)  2.25ppbC K. oob Cu®
1(:(_ a) )= 222 PP o5 37 =3 05 P22
Cy : 1.75 ppb Pb™" ppb Pb™"

C wnitless.-

The concentration of Pb2+, therefore, is

/ "'l_’.
c =5 [28 =2'25*’Pbc“v X 1.80 = 1433 ppb Cu®*
* K S ppb Cu™ £x
- vl 3.05

P . b Pb2*
307, > A\fv)\ s PP
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