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ABSTRACT

The purpose of the Analytical Quality Control Programme of

the International Atomic Energy Agency is to help laboratories

in the Agency's Member States to assess and, if necessary, to

improve the reliability of their analytical work in areas rela-

ted to nuclear technology and radioisotope utilisation. This is

done by the organisation of analytical intercomparisons in which,

typically, twenty to fifty laboratories may take part, and by the

provision of certified or uncertified reference materials.

Recently intercomparisons have been organised of trace

element analysis in a soil and a lake sediment sample which have

led to the certification of two new reference materials, SOIL-5

and SL-1 (lake sediment).

A technique has been developed to recognise and to remove

outlying results. Criteria have been established to classify

element-concentration values into the categories "established

with a high degree of confidence", "established with a reasonable

degree of confidence" and "information value only".

Four radionuclide intercomparisons have recently been carried

out: W-l/1 and W-2/1 of the determination of selected radionuclides

in water and Air-1/1 and Air-2/I of that of selected radionuclides

on simulated air filters. Details of the preparation of materials

for these intercomparisons, and of data treatment and some results

are discussed in the paper.
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INTRODUCTION

Reports summarizing the Analytical Quality Control Pro-

gramme of the Internation Atomic Energy Agency have been pub-

lished at irregular intervals during the last 16 years (1-7).

Initially, the purpose of the programme was to help laboratories

to assess and, if necessary, to Improve their reliability in

low-level radioanalytical work. In later years the scope of

this activity was enlarged to include other analytical work

related to nuclear technology and radionuclide utilisation,

this made it possible to include the control of trace element

determinations which are frequently carried out by neutron

activation.

In the execution of the programme, interested laboratories

are invited to participate in intercomparisons or to order refe-

rence materials. Participation in intercomparisons is free of

charge but made available on the understanding that the analytical

results obtained by individual laboratories will be reported to

the IAEA. The Agency assumes the responsibility for the prepa-

ration, testing, homogeneity and distribution of the intercom-

parison materials. It also evaluates the results, eliminates

outliers and prepares a report which is sent to the participants

and frequently also published as an IAEA document or as a scien-

tific paper. A list of contributors is published with each such

report, the origin of individual results is not, however, identi-

fied.
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Reference materials (RM) are prepared either from natural

matrices or by spiking with radionuclide or trace element solu-

tions. When their contents are sufficiently well known, they

are classified as "certified reference materials" (CRM). Certi-

fication may be based on results obtained at our own or at an

outside laboratory known to us to be reliable. Contrary to ear-

lier policy, CRM's may now also be produced from consensus values

obtained in intercomparisons, provided that certain criteria (use

of different analytical methods showing no bias, sufficient number

of results and adequate confidence limits) are met.

The following classes of materials are available: (i) Nuclear

materials and stable isotope standards, this includes our uranium

ore CRM's and our water -RM's for the oxygen and hydrogen isotopes.

(ii) Environmental materials including water, air filters, soil

and lake sediment (iii) animal and plant materials (iv) biological

materials of human origin and (v) marine materials.
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Individual Intercomparlsons

Some results of recent intercomparisons of radionuclide

determinations have been reported at the last meeting of the

ICRM at PTB Braunschweig (7). They will not, of course, be

discussed here again. In view of the scope of ICRM's interest,

results of intercomparisons of trace element determinations

were not reported at the Braunschweig meeting, some of them,

as well as some additional results of radionuclide intercom-

parisons are shown in Tables 1 - 8 and Figures 1 and 2 of this

present paper.

Two major intercomparisons of trace element determinations

were completed in 1978 and 1979, respectively: Intercomparison

run Soil-5 for the determination of trace elements in soil (8, 9)

and Intercomparison SL-1 for the determination of trace elements

in a lake sediment sample (10).

The knowledge of the elemental composition of soil, and

especially its trace element content is of interest to many in-

vestigators active in various fields of research. Among these

concerned are not only agricultural chemists and soil scientists,

but also biochemists, environmentalists, nutritionists and others.

The increased recognition of the essentiality on one hand and

toxicity on the other, of certain trace elements towards animals

and Han, has led to intensified studies of the pathways of trace

elements in nature, particularly in the environmental research.

Hot only atmosphere, hydrosphere and biological tissues, but also

soils are examined.

Essential and toxic trace elements may pass from soil to

plants (by which they are sometimes effectively concentrated)and

further through food chains to Man. The interest in the analysis

of soil for the content of many trace and also some major elements

is therefore rapidly increasing. Hence, there seemed to be an
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obvious need for a reference material with established "re-

commended values" of as many elements as possible which could

be used for checking the quality of analytical work of the la-

boratories engaged in soil analyses. At the same time well-

characterized soil, containing high levels of minerals could

be also of interest for geochemists as a complement to already

existing geochemical reference samples.

Intercomparison Soil-5 was started by the IAEA with a double

aim in mind:

First it was intended to provide the participating labora-

tories in Member States with the opportunity of checking their

general performance.

Secondly, it was hoped that the soil would become suffi-

ciently well characterized in this intercomparison to be sub-

sequently useful as a reference material with "recommended

values" for many elements.

Due to the encouragingly impressive response of the in-

terested laboratories, 60 of which participated in this exercise,

setting up a record in the history of our intercomparison, both

aims could be successfully realized.

The soil collected at the Agricultural Experimental Station

La Molina, Lima, Peru (20 cm topsoil depth) was made available

by the Agricultural Section of the Agency's Laboratory in already

ground and presiaved form. In order to ensure good homogeneity

and to prevent any sampling errors and errors due to segregation

of particles during storage, the material was sieved again and

the fraction that passed a 0.16 mm sieve was collected. This

fraction (ca. 50 kg) was then mixed in a rotating plastic drum

for 48 hours, and approximately 25 or 50 g portions were distri-

buted into plastic bottles.

i

r
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The homogeneity was tested by determining the content of

some elements (Cs, Co and Fe) by neutron activation analysis

in several samples taken from one bottle and comparing the re-

sults with analogous data obtained by analysing several samples

taken from various bottles chosen at random.

By applying F and t tests it was found that the results did

not differ significantly and the material could be considered

homogeneous, at least for sample weights 4 100 mg.

Laboratories were provided with a list of 20 elements

which they were requested to determine in their samples, plus

any others in which they were interested. In fact, results on

57 elements were received and the concentrations of 15 elements

could be certified with a "high" degree of confidence and a

further 19 with a "reasonable" degree of confidence. For the

other 23 elements the data received were considered insufficient

for certification, they were listed "for information" only.

(Tables 1, 2, 3.)

The five criteria used in this classification of results are

shown below.

To qualify for Table 1 the results received had to satisfy

all five criteria, to qualify for Table 2, at least criteria 1

or 2.

1.

2.

3.

4.

5.

Relative uncertainty of the overall mean (at a significance

level of alpha = 0.05), lower than 20% (trace elements) or

10% (major and minor elements).

Relative standard deviation of the overall mean lower than

25% (trace elements) or 15% (major and minor elements).

Data from at least two different analytical methods were

available for the calculation of the overall mean.

At least 5 laboratory averages have been used for the cal-

culation of the overall mean.

No significant difference between the groups of results ob-̂

tained by various analytical methods could be detected.
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Intercomparison SL-1 was carried out in a similar way. The

lake sediment sample was collected and prepared by Drs. J.C.Richtie

and C. Cooper (US Department of Agriculture, Agricultural Research

Service: USDA Sedimentation Laboratory, Oxford, Mississippi, USA)

and kindly donated to the Agency by Dr. J. C. Ritchie. The sedi-

ment was collected at the Sardis Reservoir, Fanola County, Missis-

sippi, USA (water depth: 15 m).

Preparation of the sample included: drying in an oven at

50 C for 7 days, grinding and sieving to get the fraction passing

through a 0.10 mm sieve. This fraction (ca. 60 kg) was further

homogenised at the Agency's Laboratory by mixing in a rotating

plastic drum for 60 hours, and 25 g portions were distributed

into plastic bottles.

The homogeneity of the sample was tested by determining

the content of several elements by instrumental neutron acti-

vation analysis in sub-samples taken from one bottle and comparing

the results with these given by sub-samples taken from various

bottles chosen at random.

By applying F and t tests it was found that the results did

not differ significantly and the material could be considered

homogeneous (at least for sample weights 3? 100 ing).

48 laboratories returned results on a total of 64 elements

(not including those for which only upper limits were reported.

The classification of recommended concentrations is shown in

Tables 4 and 5. In addition, 36 element concentrations were

classified as information values.

Table 6 shows a comparison of the performance of different

methods used in this intercomparison. In most cases, systematic

differences between average results obtained by different methods

were small.
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Turning nov to our intercomparisons of radionuclide ana-

lysis, four such intercomparisons were reported in 1979 and

1980, respectively: Intercomparisons W-l/1 and W-2/1 of the

determination of selected radionuclides in water (11) and In-

tercomparisons Air-1/1 and Air-2/1 of that of selected radio-

nuclides in simulated air filters (12).

Monitoring of water from water basins, rivers, lakes etc.

for several radionuclides is an integral part of control pro-

grammes for environmental pollution in many countries.

While methods for the determination of low levels of such

commonly measured radionuclides as Sr-90 or Cs-137 seem to be

rather well established, the accuracy of determinations, in

general, is still far from satisfactory, and gross errors may

frequently occur. This was clearly demonstrated, among others,

in the former intercomparison runs on the determination of

radionuclides in fresh water, organised by the IAEA's Analytical

Quality Control Services.

The present intercomparisons were started in 1977 by the

IAEA in cooperation with the Regional Office fox Europe of the

World Health Organisation (responsible officer: Dr. M. J. Suess),

who. following recommendations of the Working Group on the Radio-

logical Examination of Water (Vienna 24-26 March 1975), encouraged

several laboratories cooperating with the WHO to participate in

these exercises. The present intercomparisons were Intended to

offer the opportunity to laboratories dealing with low- and medium-

level activity measurements in water of checking their analytical

performance.

Acidified spike solutions of four radionuclides (H-3, Sr-89,

Sr - 90 and Cs-137) were prepared and distributed In sealed glass

ampoules, together with another ampoule containing the main ionic

constituents of fresh water, to simulate, after dilution to a

predetermined volume, a "fresh water sample". Both types of

i
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samples (W-l/1 and W-2/1) contained known amounts of the

four radionuclides together with Cs , Sr and Y carries

(12O.ug each) in 4 ml of acidified solution. The activi-

ties of the radionuclides in W-2/1 were 30 to 70 times higher

than those in W-l/1. Each aliquot of W-l/1 or W-2/1 was

accompanied by a second ampoule containing the main consti-
+ + 2+ 2+ 3+ —

tuents of fresh water (Na , K , Mg , Ca , Al , Cl and

NO3 ) the quantities of which were so adjusted as to provide

ion concentrations, after dilution, of 0.2 - 50 mg/1.

The participants were requested to dilute the contents

of both ampoules with distilled water acidified with HNO up

to a final volume of 5 1 and to make several determinations

on aliquo.ts of this solution. They were also requested to

make a blank determination on the water used for dilution

and to report activities as net values.

47 laboratories from 16 countries took part in these in-

tercomparison runs, providing 214 laboratory means (represen-

ting 844 individual determinations). Of these, 22 or 10% were

rejected as outliers by.a method involving the concurrent appli-

cation of four tests, viz. Dixon's test, Grubb's test, the co-

efficient of skewness test and the coefficient of curtosis test,

all at a significance level of alpha = 0.05. (If a laboratory

average was recognized as an outlier by any of these four cri-

teria, it was rejected and the whole procedure repeated until

no more outliers could be identified.) In spite of a considerable

spread of the remaining results, the resulting means of labora-

tory averages were found to be close to the input values for

nearly all nuclides at both concentration levels. Significant

deviations were found in the case of cesium-137 in W-l/1 where

the high value was probably due to a systematic error associated

with the instrumental measurement of the nucli de (the mean' of

laboratory averages obtained by determination of. radiochemical

separation .was in good agreement with the input value) and.of

tritium in W-l/2 where a low value resulted from the failure of

the outlier criteria to reject a cluster of four low results.
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As an ecrmple of the results obtained, the t™o sets of

values received for Cs-137 at low and at higher concentration

are shown in Fig. 1-. Obviously laboratories had difficulty

in determining the nuclide at low concentrations, deviations

are excessive and many outliers can be seen. No such diffi-

culty is apparent at the higher concentration.

The public interest in atmospheric pollution by heavy

metals and radioactive contaminants and the need for their

reliable determination has convinced the International Atomic

Energy Agency of the necessity to continue its programme of

intercomparisons of air filter analyses. Several such intercom-

parison exercises have been organised by the Agency in the past

years. Comprehensive reports on intercomparisons carried out

earlier have been made to TECOMAP and ICRM and the results of

the last intercomparison on the determination of trace elements

in simulated deposits on air filters were published recently.

Two sets of air filters were distributed to the participants.

Air-1/1 samples were spiked with long-lived radionuclides, Cs-137,

Fe-55, Mn-54, Pu-239, Ru-106 and Sr-90, while Air-2/1 filters

were spiked with the shorter-lived radionuclides Ce-144, 1-131

and Sr-89. The activities used (nanocurie levels for all nuclides

except plutonium, picocurie levels for the latter) were known

within 3 to 7 %.

Commercially available filter papers (Kacherey-Nagel MN 640m)

with a diameter of 5.5 cm and a maximum ash weight of 0.02 mg were

used as carriers. Aliquots of 10 or 20.ul of an appropriate so-

lution were put on the filters by means of an Eppendorf micropi-

pette. Then, the filters were dried under an infra-red lamp.

A set that was sent to participants consisted of a group of

6 spiked filters sealed inside a plastic envelope accompanied by

a separate envelope containing 3 unspiked filters (blank).
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29 Institutes took part in the two intercomparison runs

(27 in Air-1/1, returning 95 results based on 499 individual

determinations and 19 in Air-2/1, returning 43 results based

on 234 individual determinations).

Typical results are shown in Fig. 2 which shows the distri-

bution of values reported for Ru-106 and Sr-90 in Air-1/1.

As usual, the systematic errors at some laboratories exceed

by far the random errors obtained in replicate analyses. In the

case of Sr-90, the mean analytical value obtained is very close

to the input value. In the case of Ru-106, however, there is a.

significant difference b. ' een the two which may be due to losses

by adsorption from stan. 5̂-d solution prior to calibration.

On the basis of _his intercomparison, the air-filters were

promoted to OEM's only for the radionuclides listed in Table 7.

Finally, Table 8 gives a list of reference materials available

from the IAEA in 1980.
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TABUS 1

Concentrations of elements in IAEA's Soi l -5 which can be recommended with

a relatively high, degree of confidence '

Major and Minor Constituents

Element

Aluminium

Potassium

Sodium

Trace Constituents

Element

Arsenic

Barium

Cerium

Cobalt

Cesium

Copper

Gallium

Rubidium

Scandium

Thorium

Zinc

Content
Ht.%

8.19 *

1.86 i

1.92 i

Content
Ug/g

93.9 i

561 i

59.7 i
14.8 ±

56.7 ±

77.1 i

18.4 -

28.1 i

138 -

14.8 i

11.3 i

368 i

0.28

0.15

0.11

7.5
53
3.0

0.76

3.3
4-7
1.6

1-5

7.4
0.66

0.73

8.2

The reported uncertainties are confidence limits of the mean for a significance
level of « = 0.05.



TABLE 2

Concentrations of elements in IAEA'B Soil-5 which can be recommended with
a reasonable degree of confidence '

Major and Minor Constituents

Element

Iron

Trace Constituents

Element

Berylli:un

Bromine

Chromium
DyBprosiun

Europium

Hafnium
Holmium

Lithium
Lutetian

Manganese

Heodymiun

Lead

Antimony
Sanariixn

Tantalum

Terbium

Uraniim

Ytterbium

Content
Wt.g
4.45 t

Content

1.77 -
5-4 i

28.9 -
4.0 -
1.13 -
6.30 ±
0.82 i

52.1 -
0.336 i

852 i
29-9 i

129 -

14.3 i
5.42 i
0.764 i
0.665 -
3.04 -
2.24 -

0.19

0.27
1.0

2.8

1.0

0.08
0.30
0.83

33
0.044

37
1.6

26

2 .2

0.39
0.056
0.075
0.51
0.20

*) The nported uncertainties are confidence limits of the mean for a significance
level of a » 0.05.



r TABIE I

Hon-certified values for concentrations of certain elements in IAEA's Soil-5

(Information values only)

Marior and Minor Constituent 8

Element

Calcium

Magnesium

Phosphorus

Silicon

Titanium

Trace Constituents

Element

Silver

Boron

Bismuth

Cadmium

Gadolinium

Fluorine

Mercury

Molybdenum

Hiobium

Hickel

Praseodymium

Selenins

Strontium

Thulium

Vanadium

Tungsten

Yttrium

ZirconiTzn

Content
Ht.g

(2.2)

(1.5)

( 0.11)

(33 )

( 0.47)

Content
ue/g

( 1-9)

(63 )

( 12 )

( 1-5)

(35 )

(628 )

( 0.79)

( 1.7)

( 9 )

(13 )

( 5-0)

( 1.4)

(330 )

( 0.42)

(151 )

( 5.1)

(21 )

(221 )



TABIE 4

Concentrations of elements in IAEA's lake sediment (SL - l), which can

fee recommended with a relatively high degree of confidence */

Major and Minor Constituents

Element

Iron (Pe)

Manganese (Hn)

Titanium (Ti)

Content. Wt %

6.74 + 0.17

0.346 + 0.016

0.517+ 0.037

Trace Constituents

Element

Arsenic

Barium

Cerium

Cobalt

Lanthacum

Rubidium -

Thorium

Vanadium

Zinc

(As)

(Ba)

(Ce)

(Co)

(La)

(Hb)
(Th)

(V)

(Zn)

Content, ug/g

27.5 + 2.9

639

117

19.8

52.6

113

14
170

223

+ 53

+ 17

+ i-5

+ 3.1

+ 11

± 1
+ 15
+ 10

* The reported uncertainties show confidence limits of the mean for

a significance level of o = 0.05*



TABI£ 5

Concentrations of elements in IAEA's lake sediment (SL - l), which

can he recommended with a reasonable degree of confidence *'

Major and minor constituents

Element

Sodium; (Ha)

Content Wt j>

0.172 + 0.012

Trace conBtituentB

Element

Bromine

Cadmium

Chromium

Cesium

Copper

Dysprosium

Hafnium

Heodymium

Nickel

Lead

Antimony

Scandium

Samarium

Uranium

ytterbium

(Br)
(Cd)

(Cr)

(Cs)

(Cu)

(Pr)
(Hf)

{M)
(Hi)

(Fb)

(Sb)

(Se)

(Sm)

(u)
(Tb)

Content

6.82 +

0.260 +

104 +

7.01 +

30.0 +

7.46 +

4*16 +

43.8 +

44.9 +

37-7 +

1.31 +

17.3 +

9.25 +

4.02 +

3.42 +

Uff/R

1.73

0.050

9
0.88

5.6
2.12

O.58

2.8

8.0

7.4
0.12

1.1

0.51

0.32

O.64

* The reported uncertainties show confidence limits of the mean for a

significance level of a = 0.05.



TABIE 6
Comparison of the methods, SL-1

Element Method Average element coacn.
found on the basis of

"accepted" results by a
given method

Outliers Overall mean

AB

Ba

Co

Cr

Cu

Ga

K

La

BAA

CAS

XHP

HAA

ES

XHP

HAA

AAS

ES

HAA

AAS

ES

XRP

HAA

AAS

ES

XRP

HAA

AAS

Vol

XBF

HAA

XRP

HAA

XHF

HAA

XHP

27.6
21.9
30.3

639.9
711.8
614.6

19.0
22.0

22.3

111.9
86.2

114.6
111.1

25.8
28.1
48.8

34.2
6.85

6.56
6.77
6.62

22.1

27.3

1.55
1.22

52.8
56.8

+ 1.8
± 4.0
+ 1.8

+3?-8
+76.8
±57.0

+ 0.7
+ 1.6

+ 6.7

+ 4.5
+ 8.6
+19.6

+16.7

+ 7.7
+ 2.7
+ 8.8

+10.5
± 0.11

• o;i5
+ 0.31
+ 0.30

+ 3.6

+ 4.3

+ 0.09
+ 0.02

+ 1-5
+ 6.8

(16)
( 3 )

( 4 )

( 8 )

( 2)
( 4 )

(21)
( 9 )
( 2)

(15)
(11)
( 2)
( 4 )

( « )
(17)

( 2 )

( 5 )
(19)
do)
( 2 )

( 4 )

( 5)
( 4 )

(5 )
( 2 )

(23)

( 2)

4.16;
55.O ; 77.0

460
38.3; 1680

27.6 + 1.4 (24)

639.2 +24.5 (15)

19.8 +0.7 (35)

219; 228.3; 233 103.7 +4 .5 (34)
8.7; 8800

30.0 + 2.8 (31)

O.O88;8.38 6.74 + 0.08 (35)
O.252 ;4..68;61.2

8.40

23.7 +2 .3 (11)

1.45 + 0.09 ( 7)

52.6 +1 .5 (26)

* Results are reported as: mean + S.E. (number of accepted laboratory averages)
Concentrations are in Ht % for Fe, K. Mn, Ti and in ve/g for other elements.
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TABLE 7

Reconnended values of radionuclide activities
for Mr-l/l simulated air filters

Radionuclide Activity

239Pu

68.8 + 3.4 nCi

99.6+ 4.7 nCi

170.2 + 18.4 pCi

10.2 + 0 - 8 nCi

* The reported uncertainties show confidence limits of the

mean for a significance level of o = 0.0%



L.

8

Reference HaterialB Available in 1980
AQpS Programme

Element or Nuclide Concentration or
Activity

Code Category

Nuclear Materials and Stable Isotope Standards

0.52736 u 3 o 8

6.-14OJ& " "

O.O145& " "

0.03$

Uranium ore
n

i t

11

Water

D
i t

11

11

l 8o/ l 6o;
180= -55.55^0

-4285J0

S-7 CRM

5-8 "

S-12 "

S-13 "

V-SMOW "

SLAP »

under calibration GISP RK

Environmental Materials

Simulated
deposit on
air filter

Soil

9°Sr,
55Pe,

Al, As, Ba, Br, Ce,
Co, Cr, Cs, Cu, Dy,
Eu, Fe, Ga, Hf, K, La,
Lu, Mn,.Na, Nd, Pb,
Rb, Sb, 5c , Sm, Ta,
Tb, Th, U, Y, Zn

Lake sediment As, Ba, Co, Cr, Cs,
Ify, Eu, Fe, Ga, La,
Hg, Mn, Na, Nd, Rb,
Sb, Sc, Sm, Th, Ti ,
U, Yb, Zn

Feldspar U. K

239Pa 10-500 pCi
others 0.01-5(iCi

Air-l / l RH

natural content Soil-5

natural content SL-1 CRH

F-l RM



TABLE 8 (cont'd)

Material Element or nuclide Concentration or Code
Activity

Category

Animal and Plant Materials

Fish solubles As, Co, Cr, Cu, Fe, natural content
Hg, Mn, Se, Zn

Milk powder 9Osr, l37Cs, Na, K, env. and natl.
Ca, Sr content

Milk powder Ca, Cl, Cu, Fe, Hg, natl. content
K, Mg, Mn, Na, P,
Rb, Zn
90Sr, 226Ra env. and natl.Animal bone

Wheat flour 2.88 ppb

A-6

A-7

A-11

A-10

V-5

RM

RM

RM

RM

RM

Biological Materials for Biomedical and Environmental Studies

Muscle

Human blood
serum

Br, Cl, Csf Cu, Pe,
Hg, K, Mg, Mn, Ha,
Rb, Se, Zn

I , PBI

natural content H-4

6.8 and 5.06ug/
100 ml

H-6

RM

RM

Materials of Marine Origin

Andara (clam)

Dried
copepoda

Pish flesh
Marine
sediment

Other

Gamma ray
spectra

9°Srt
 137Cs, 2 3 V

24Opu, etc .

Cd, Cu, Pe, Hg, Fb,
Zn, etc.
trace elements
60Co, 137CSf M d
other activation
and fission products

C 1-100 pCi/g

natural content

i i

/"100 pCi/g

MA-B-1

MA-A-1

MA-A-2

SD-B-2

G-l

HM

EM

RM

RM



TABLE 8 (cont'd)

Material Element or nuclide Concentration or Code Category
Activity

Animal and Plant Materials

Fish solubles As, Co, Cr, Cu, Fe, natural content
Hg, Mn, Se, Zn

Milk powder 90Sr, l37Cs, Na, K, env. and natl.
Ca, Sr content

Milk powder Ca, Cl, Cu, Fe, Hg, natl. content
K, Mg, Mn, Na, P,
Kb, Zn

Animal bone 90Sr, 226Ka

Wheat flour

env. and natl.

2.88 ppb

A-6

A-7

A-ll

A-10

V-5

RM

RM

KM

RM

RM
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