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SYNOPSIS 

...... ... 

This study completes the analysis of 
fourteen samples of Cinchona hark. 
covering R and 11 year old trees of each 
of the seven species of Cinchona growing 
in the Phillipines, and compares two 
different methods of analysis. 

Results lead to the following conclusionss

(1) a method developed for the analysis of 
Cinchona bark by High Performance Liquid 
Chromatography (ill'LC) is most useful and 
suitable for use in analysing large 
numbers of samples. 

(2) setting up of a small laboratory to be 
equipped for llPLL analysis. preferably 
under direction of DENR 10 in Mindanao, 
i ~ recommended. 

{l) that Cinc~ona trees in the Philippines 
are still significantly increasing in 
~uinine content between the eighth and 
eleventh years and some very rood contents 
have been observed. 

(4) it must be recommended that only planting 
of the Cinchona species LedReriana should 
be persevered with in the futu~e. but the 
varieties Tjiniroena and Kartamanah 
should be incl ucted. 

(5) Study proprammes should be set up to extend 
the analysis of existing trees and for 
monitoring, as an essential feature, any 
future forestry programmes. 
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Introduction. 

As a recommendation resulting from the Philippines 
Phamaceutical Industry Development Study (DP/PHI /R7 /019) 
of 19RR a pre-feasibility Study on Processing of Cinchona 
for quinine in the Philippines, under the same funding, was 
completed in August, 19R9. 
Information on the composition and level of alkaloids in the 
bark of the Cinchona trees was sparse and some fourteen samples 
were collected from growing trees coverLag the seven species 
growing at Kaatoan, Bukidnon, Nindanao (the Centre for Cinchona 
Reforestration Project in the Philippines) for analysis. 
Samples were taken from trees of eight and eleven years old of 
each of the seven s~ecies. 
It was proposed to analyse these samples by two different 
methods, namely (1) the classical Bruxelles method which is 
universally accepted by Quinine producers and users, but which 
is rather tedious and (2) a method to be developed on the use 
of High Performance Liquid Chromatography (HPLC) which .... ould 
give more general information on alkaloid distribution and be 
a more rapid method. 
For the purpose of the Pre-feasibility study it was only 
possible to analyse three samples by the classical Bruxelles 
method and to develop the HPLC method by which seven samples 
were analysed. Choice of samples was such that only in the 
case of one sample was a direct comparison between the methods 
possible. 
It was considered most important for the possible development 
of the Cinchona plantations in the Philippines, with a view 
to commercial exploitation, that the analyses of all fourteen 
samples of Cinchona bark collected(by both the Bruxelles and 
HPLC methods) be completed. The recommendation of such has led 
to this extension study under Df'/PHI/87/019. 
Important aspects of completion of the analyses includes-

( 1) confirming the reliability and use of the developed IJPLC 
analysis method, 

(2) provision of some initial information on alkaloid 
development with age, 

(1) confirm, and possibly extend, recommendations given in the 
Pre-feasibilitiy study as to the future development of the 
Cinchona p·antations. 
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Report. 

fourteen samples of Cinchona bark were collected in July 1989 
and transported to the U.K. All samples were dried on receipt 
in the U.K. and grolllld to preserve the quality. Storage for 
extended periods of wet bark, with moisture content above 12%, 
can possibly leaad to deterioration. All analyses were 
performed on the dried samples and. although samples.analysed 
to 9at:i sfy this report were dP.layed in. execution,· can b~ 
considered reliable. 

Seven species of Cinchona tree are growing at Kaatoan. Bukidnon 
and one sample from a~tree of each species at eight years old 
together with one sample from a tree of each species at eleven 
years old was harvested making fourteen samples in total. 

The species of Cinchona trees which are growing are listed 
below together with the abbreviations which will be used later 
in reporting results. 

Cinchona Ledgeriana 
Cinchor.a Ledgeriana, variety Tjiniroena 
Cinchona Ledgeriana, variety Kartamanah 
Cinchona Officinalis 
Cinchona Calisaya 
Cinchona Succirubra 
Cinchona Hybrid 

~·et hods of anal vsi s . 

= c. Ledg. 
= C. LvT. 
= C. LvK. 
= C.Off. 
= C.Cal. 
= C.Suc. 
= C.Hy. 

. \n object of this study was to analyse the fourteen samples 
of Cinchona bark by two different methods of analysis, the 
classical Bruxelles method and a method developed while 
preparing the Pre-feasibility study referred to in the 
introduction utilising ilPl..C. and determine the general 
suitability and usefulness of the latter. 

Bruxelles method. 

This is the classical method used consistently by the Quinine 
manufacturers and Cinchona growers throughout the world for 
commercial application. 

The method is based on the extraction of total alkaloids of 
Cinchona and the precipitation of quinine and cinchonidine 
tartrates. By measurement of the optical rotation of the dried 
tartrates and the application of published calibration tahles 
(CO~~lELIN tables) the relative contents of quinine and 
cinchonidine may be determined. The method does not give precise 
levels of quinine or cinchonine as the respective dihydro-
deri vati •1es are al so precipitated. However, from experience the 
method gi VP.S a good p,uide as to the amount of quinine which 
can he commercially isolated. 

Resul t5 reported on analysis by this method are r.eneral ly P,iven 
on an •as received f>asi s' as this is most important to a huyE>r 
or sPl 1 f>r who wi 11 contract for t:1e sale/p11rchasP. of somf> 
fini tP wr.ir,ht of hark. For the p11rposP. of this assPSSllf>nt of 
tiark ;,n<l tn~e 011ality, ;is wr.11 as comparison of mPthods, it is 
mon• conv<'Td Pnr· and 11~·,·f11l to pres<~nr n•snl ts on r hP h;1si s of 
~.L.r_it~~Lh!D< .m<I ~;11ch ar" rPport~rl. 



The precise method and details of execution, tORether with 
the cal ihration tables of CO?-!MELIN are given in Appendix l. 

llPLC method. 

llPLC analysis of Cinchona alkaloids had only previously been 
applied to the analysis of samples derived from tissue culture 
samples and authentic mixtures (ref.I) 

Work ...-as initiat:ed wit:hin the Pre-feasibility st:udy on the 
utilisation of Cinchona on t:he developn.~nt: of a method 
utilising 1u~LC for the analysis of bark samples. Some init:ial 
problems "·ere experienced and overcome. The main problem was 
relat:ed t:o the method of extraction. A paper was followed 
which advocated the destruction of cells by pre-treatment with 
trichloroacetic acid (ref.2.). It was shown t:hat this produced 
artifacts which unforl.D1ately especially enhanced the response 
peaks of quinine leading to spurious results. To overcome this 
the stand~rd method of extraction used in the Bruxelles method 
was applied on reduced scale and led to reliable resulta. This 
method was used for the 7 samples previously analysed and for 
t:hP subsequent 7 samples analysed under the current study. 

It is thought that direct extraction with methanol, rather 
than alkalising and extra<.:tion with toluene, might be equally 
acceptable but this must remain as a subject for future 
confirmation. Cse of methanol extraction "-'Ould slightly reducP 
the ~ork involved in preparing samples. 
The !!PLC methods which are applicable are also given, for ease 
of abstracting, in Appendix 2. 

Results. 

The followinp, abbreviations, in addition to those previously 
indicated for Cinchona tree species, are used in reportinp. 
rF'SUl ts• 

TAA 

SQ2 
Qn 
IK~n 
Q<l 
I IQcl 
Cct 
llCd 
Cn 
ilCn 

= Total alkaloios anhydrous 
= quinine sulphate dihydratP 

= Quinine 
= Dihydroquinine 
= Quinidine 
= Dihydroquinidine 
= Ci r.c hon id i ne 
= Dihyrocinchonidin~ 
= Cinchonine 
= llyc1 roe inc hon i ne 

= 1.2067 x Q'l 

A 11 r<'sul ts arP r~portP.d as ~~ based on d riP<I hark. 



Bark alkaloid analysis - Bruxelles method. 

Sam12le Svecie ~ TA.\:~ ~ 0/ ~:~ 2'~ 

No. years 

2604 c. Ledg. R R.Q 6.R 2.1 
2605 c. Ledr,. 11 12.2 9.9 2.2 

2606 C.LvK. 8 9.0 6.9 1.4 
21)07 C. LvK. 11 7.15 2.R I. I) 

2608 C. LvT. R 6.9 5.7 0.6 
2609 C. LvT. 11 12.6 11.6 1. 5 

2610 C.Off. R 7.R 1.1 1.9 
2611 C.Off. 11 10.l 7. 7 5 3.R 

2612 C.Cal. R 4.5 1.1 1. 3 
2613 C.Cal. 11 9.8 1.9 2. r, 

2614 c. Hy. R R. 95 1.5 1. 5 
2615 C. By. 11 9.1 2.2 2.9 

2616 C.Suc. R q_5 1.1 4.1 
2617 C.Suc. 11 R. <) l. 75 1.4 

Bark alkaloid analvsis - HPLC mPthod. 

Sam~le Snecie Cni. Cd~~ n: •. . HCd~:, Qtl:·: Qn% . !:~~fl.. !.9n~~ ___ ..!]/.,. 
No. (Age yrs) 

2604 C.Ledg;_ (8) 0.22 1.11 0. 1 f) 6-40 - 0.11 
2605 C • Ledg • (11 ) 0. 31, 0.25 (). 51 9.17 
2606 C. LvK. (R) 0.15 0.79 6.t .. 1 0.38 
2607 C.LvK. (11) 1. 85 1.16 0.16 ). 01. 

2608 C. LvT. (8) 0.08 0.19 5.27 o. 21 
2609 C.LvT. (11) 0.09 O.Of> 0.16 11.55 
2610 C.Off. (R) 0.96 1.27 0.16 0.16 1. 58 0.35 
2611 C.Off. (11) 1. 51 1.00 () .1,9 7.27 
2612 C.Cal. (8) 0.25 1.09 1.12 
2613 C.Cal. (11) 1.62 1.20 O. lR 1,. 93 
2614 c. lfy. (8) 1.61 0.75 0.25 o. 56 1.55 0.06 0.06 
2615 r:.lfy. (11) ]. 55 0.1.1 o. 12 2.85 
2616 C.Suc. (8) o. 52 2.10 O.OR 0.07 1,. 00 0.21 
2617 C. Sue. (11) 1 .11. 2.20 (). l 0 2. 'J() 

Not:es All even number<>d samples were analysPd at an earlier 
datP. usinp, a Lichrosorh co 1 tJmn, whPrPas all o<M 
numbPn~d samples havr~ hePn r<>cPn t l y an;i 1 y sPd usi nr, a 
Boncfapak column. SPe AppPn<lix ?. for rlPtilils. 
Calibration t rac<'s for both col11nms, r-Of'.<'f' hr-r with som<' 
tvpica1 t r a c (' ~; can hP f ()llfld 1 fl 1\pp,.ri<! i x ') 

' . 
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Comparison of results. 

For easy comparison purposes the results from the Bruxelles 
method of analysis and t.he HPLC method are re-tahulated 
below listing only the relevant elements which can be 
compared. Quinine is being reported both in terms of anhydrous 
alkaloid and also SQt (representing quinine sulphate dihydrate) 
since this is the te m most usually used to indicate quality 
of Cinchona bark and can be more easily related to the 
projections given in the earlier pre-feasibility study. 

SamQle Snecie SQ2-- Gn. Cd. 
f\o. (Age yrs) HPLC Brux. ·~ HPLC Brux. HPLC Brux. 

2604 C.Ledg. (R) 7.72 6.RO 6.40 5.64 1.13 2.10 
2605 c .Ledg. (11) 11. 31 9.90 9.37 R.20 0.25 2.20 

2606 C.LvK. (R) 7.73 6.90 6.141 5. 72 0.79 1.40 
2607 C.LvK. (11) 3.66 2.80 1. 0/4 2.12 1.16 1.60 

2608 C.LvT. (R) 6. 36 5.70 5.27 4.72 0.60 
2609 C.LvT. (11) 13.93 11.60 11.55 9.61 0.06 l. 50 

2610 C.Off. (R) 4.32 3.10 3.58 2. 57 1.27 1.90 
2611 C.Off. (11) 8.77 7.75 ~.27. 6 ·'•2 1.00 3.RO 

2612 C.Cal. (R) 1.35 i..10 1.12 0.91 1.09 l. 30 
2613 C.Cal. (11) 5.95 3.90 1 •• 93 3.23 1.20 2.60 

2614 c.Hy. (R) 4. 28 3.50 3.55 2.90 o. 75 l. so 
2615 C.Hy. (11) ).44 2.20 2 .8 5 1.82 0.41 2.90 

2616 c.suc. (R) 4.83 1.10 /4. 00 2. 73 2.10 4.10 
2617 C.Suc. (11) 2.84 1. 75 2.36 l .!4 5 2.20 3.1.0 



Interpretation and discussion of results. 

I IP LC comnen ts. 

In the earlier runs made using the Lichrosorh c~lumn all the 
components were evaluated on a single run (always performP.d 
in duplicate). This is possible when the appropriate 
calibration of the unit is made and it can be ensun~d that :ill 
levels of peaks will be fully i.1tegrated. Can~ must be t:aken 
to see this is t:he case part:icularly in thP case of hir,h quinine 
cont:ent barks. Typical traces are reproduced in Appendix 1. 

In the recent runs on the t-:icro-Bondipak column it was, in fact, 
established that the quinine peaks during Run l were not: beinP, 
fully intep,rated especially in the cases of 2~05 and 2h09 where 
very high quinine contents w~re expected. Run l gave a ~ood 
analysis for the other alkaloids present: at lower levels. 
A second calibration of the equipment was made especially to 
determine the levels of quinine and the~e are reproduced also, 
together with most traces of Run l also in Appendix 1. 
Lnder regular running conditions it would ~e proposed to set 
parameters such that a single run is all that is necessary. 

Results. 

The results of the Bruxelles analysis method an<! the iil'LC 
analysis method are considered to be i:i 2gr~ement E:>Spf>cially 
with respect to the most important information relatinp, to the 
quinine content of barks. 

Only the contents of quinine and cinchonidine can he compa~ed 
by the two methods and the precise levels reporce<l <lo differ 
in magnitude. On average the HPLC m~thod i:idiciltes a quininP. 
alkaloid content approximately 1.2 times r,ceater than the 
Bruxelles method. Consequently the Qn. level r<>ported by HPLC 
approximates to the SQ2 level reported hy the Jruxelles method. 

In the case of cinc~onidine lower fi~1rres are inrlicated hy the 
BPLC method than the Bruxelles meth::>d. In this case th<>re is 
less consistency of variation. 

It could be possible to calculate a total alkaloids fir,ure 
(TAA) from t.he lil'LC integrations, but this information is less 
useful than the general picture of the lll'LC trace inclicatinR 
distribution of constituents. 

Some explanations of the differences can be proposed:-

(1) llPLC indicates the actual levels of all cin<'hona alkaloids 
present in the bark (subject to very smrtll 0xtraction losses) 
~here are no chemical processing losses. 

(2) Bruxelles method essentially indicates the iso1atah1~ level 
of quinine in the bark. Sir,nificant chemical processinr
losses must be anticipated due to sol ubi 1i ty of (fn/Cd 
tartrates in the process liquors (sue h is al so known to hf" 
somewhat enhanced by co-solubility P.ffects 011<> to othf>r 
alkaloids) 

(1) It is possihlr. that ttlf' COMMllLI!\ tal>l<'s, orif>,in;illv 
r>1Jhlish<>ct in 1912, ;1n• sli1'.htly hi;1s~;,•d row;1nh <'irwl1oriidin<· 
rathP.r than fl•Jinim'. 
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These sugp,estio1'1S an~ merely speculative. 

It may be concluded that the ill> LC method is considerecl to be 
suitable for use in analysis of Cinchona bark for any 
assessment programme or monitorinr. of forestry pror,rammes. 
It may also be used to indicate the lik·-~ly commercial value 
of bark if the Qn. analysis figure by HPLC is interpreted 
as the estimated SQ7 content for evaluation purposes. 
:\t this star,e of dc·t'elopl'!lent, howev~r, it would t>e unl ikPlv 
to be accept."lble as ;m official international assay m<>tho1i'. 

Sele~tiori.of analysis method. 

The l_!f_:: ': method is relatively simple and easy to reproduce. 
Some time has to be expended on the preparation of samples but 
these can be done on a batt~ry basis and provided che simple 
extraction equipment needed is available a larr,e number of 
samples can be readily procr~sed. With a little further 
development ~ork into the USP of methanol as extraction solvent 
tbere is indication that the method could he further simplifiPd. 

The Bruxelles method is still accepted as the international 
method for commercial evaluacion of Cinchona bark, but the 
lengthy operations are not suitable for assessment of lan~e 
numbers of samples at one time. 

Fl uorimetry & It was mentioned in the Pn~-f easi bi 1i ty study on 
utilisation of Cinchona that a fluorimetric method 

mir,ht be most useful for the analysis of a larp,~ numbrr or 
samples, havinp, been used for this purpo~ ~ in l\.enya. Thf' mcth;:.,d 
was applied to only one spcci.es of C. Led.r,eriana and consici6_'rab1e 
c.'11 i brntion work was necessary before it could be usefully 
applied. One reason for this is that the method relies on th<' 
measurement of fluorimetric absorption. Both quinine and 
quinidine acti vc.. ly absorp whilst cinchonine arid cinchonicl inf' cio 
not. It is necesssary to establish a factor for the enhancement 
effect of the appropriate level of quinidine in the spPcies to 
calculate the quinine content. 

No other information is providec by the method other th;in the 
quality in terms of quinine and it is consi~€red that this 
method would be much less useful than the llPLC method. 

Cinchona bark 9ualities. 

Analysis resul:s indicate that only the Cinchona 1.edr.P.ri;ma 
species can be considered of r.ood oual i ty for commercial 
exploitation. It is now clear tho11r,h that almost certainly all 
tfiref' spPcies of hark, C.1.€-dr.r>riana. C.Ledr,eriana v. Tjiniro<>na 
and C.Ledgeriana v. Kartaman11h may now be considf>red as s11i.tal>l<' 
pl&ntinr, stock and not solely the C.Ledr,eriana provisionally 
proposed in the Pre-fP.<1si.hility stu<ly. This improv<'s rh<> 
sit1Jati.on ~ith respect to commercial ~xploitation in th(• f11t11re. 

There is one anomalous result seen in the sample of the eleven 
year old C.Ledp,eriana v. Kartamanah '"hich analyses ha<lly, hut 
the <'ir,ht: y<'ar old sampl<> is satisfactory. Both Bn1x<>llf's ;mcl 
111'1.C analysr.s ar,rN• indicatinr. a corr<>ct analy:r.is. It i~; 



su~p,ested th;it this s.1mple could not be representative and 
t!1e r£>sul t should he ip,nored at this star,e and until further 
samples can hP analysed. 

:\lthoC!gh only a very small sample has been t:aken it: is felt 
that the suspe>ct:ed prohlem of reducing the quality of trees 
hy cross pollina"Lion has not occ1Jrred, particularly in the 
case of the i~d~eriana species. This may be a result of 
rel;itivPly p;ood se~reRation. This is encouraging. 

It also ~ppPars that especially in the 4:-dgeriana species 
cievelO!lment of the level of alkaloids, and part~cularly 
quinine, is considerahle between eight and eleven years growth. 
In recent years there has been a tendency to harvest trees at 
a younger age, down to seven years. Such trees have mostly 
been grown essP.ntially in t:he open and not: under a canopy. 
In the Philippines Cinchona t:rees are grown under a natural 
canopy and thi~ may explain later development. It: would appear 
that harv~stinp, of trees from Kaatoan would be benefictal -at 
an ap,e not less t:han eleven years. Apart from the increase in 
alkaloid quinine content a considerable weight: growth will also 
have developed. Commercial projections shoula ~e rather better 
than those indicated lat:terly in the Pre-feasibilty study 
alt:hough some delay in commencement: could be necessary to 
accomodate older trees. 

The final encoura?,in~ aspect is the level of qu1n1ne indicated 
in the eleven year old C.~dgeriana and C.Ledgeriana var. 
Tjiniroena at ;espectively 9.9~~ and 11.6~~ S()2" These are vP.ry 
~ood quality trees. 

In addition co ~hP proRran~e for plantinp, a wider analysis of 
existin~ trPe samples should be considered. Also any proRrammes 
of n'.'-fon,.scr;H1 on or of PXperimPntal nature should be moni toreci 
hy chrmical an~lysis at appropriate times using •WI£. 
With rer,arcls existinr, trees empha,sis should be ~iven to checkinr, 
di ff Prent ar0as and ap,es of trees of the LedgPriana species. 
Lsefu1 information coulc1 al so he p,ainf?d by extent ion of analysis 
of more matun" C.Officinalis :.peciP.s as these coulci possibly 
provid<> s11ppl em<'n ta ry ma teri.al suitable for commercial ext: rac t ion 
althou?,h r<'covPry yields would be dPpressed if t:he cinchonidine 
lev<>ls ar<> as hir,h as initial samples indicate. 

l'h<> v;ilue of C.ilyhrid, C.Calisaya and C.Succiruhra for any 
commerci~l rxploitation is low and any further analysis of 
thPs<' trr<>s sho11lcl he VPry limitect. 

To p11?·s11<' rtiis w:lrk a small laboratory should hP set 11p, 
prPfPrahly 1m<l<'r thP clirPction of IJf.J'iR 10 and probably at th<~ 
pn•mi sf>s of this orr.anisar:ion i~1 Cop,ayan de Oro City. 

Ba~;ir rrrl1Jin·mrilrs ~011lcl hP:-

,\ room, no larP,Pr th;m 11 x 1 m. flttPd with two hPnch<>s, <!Psk, 
Pl<•r.rricill pn\of'r, w;ll<'r ~11pply and VPntilation. 

Fen- h;1~;ic r·r1111pm,•11r 1-

i x Cntf,.,. ·nil! (;·r·i111!i·r-) 
x r11od,·1·11 ;,;1J.1::c-i> 

x • \ 1 r· <fr·\. i r ! • , i \.'' •• 1 

fix ~;rn;iJJ r:r>r·r.i: .'. p1·•,•1·]~. 



12 x soxhlet extraction uni ts with flasks [, condensers and 
stlfficient electrical battery heaters or sand trays. 
Ade~uate supply thimbles. 
Various graduated flasks. 5ml, 50ml & l.OOOml. 
?-!iscel laneous measuring cylinders, conical flasks, 
pipettes, spatulas and other glassware. Glassware drier. 

1 x llPLC unit: complete with pumps, in tPr,ral l Opl loop injection, 
lN (220 nm) detector and computinr, inter.rator. 
Syringes and columns (2 x Lichrosorb RP~ Select B and/or 
2 x t-'.icro-Bondipak c11~.) 

It would be valuable occassionally to make checks against: the 
Bruxelles method and equipment: necessary to do so as far as 
obtaining dry tart:rates can be included in the above glassware 
but including two larger soxhlet extractors. Th~ number of 
samples being limited, the inclusion of an automatic polarimeter 
would not be justified, but: arrangements could be made for the 
optical rotations to be performed at an analytical laboratory 
(probably in t-:anila) where such equipment is available. 

The principle E~lement of cost 1 ies in the HPLC unit and the 
most expensive or sophisticated is not essentia1

• An overall 
setting- up cost is estimated at he tween LSD 2 5, 000 £,,_ t.:SD 40, 000. 
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Conclusions and recommendations. 

1. Conclusions. 

This report concludes that the ohject of the study has 
bP.en acheived most satisfactorally for the following 
reasons:-

a) use of a llPLC method for relatively rapid analysis of '1 

large numher of samples and for screening purposes is 
considered to have been proved satisfactory. 

b) preliminary indication, as a result of the small screeninp, 
exercise, indicates that all C.Ledgeriana species appear 
to be of good quality. 

c) fears of possible problems of adverse cross pollination 
are probably seen to be groundless, particularly in the 
Ledger species. 

d) considerable increase in alkaloid content, especially 
quinine, is observed between eight year old and eleven 
year old trees and suggests that any harvesting should 
be delayed until this older age. 

e) some particularly high content trees have been observed 
and if confirmed in a wider survey suggests a very 
interesting commercial venture could ensue. 

2. Recommendations. 

a) For future planting pror.rammes only C.LedP,eriana should 
be propagated, but the species varieties Tjiniroena and 
Kartamanah may now also be incl •.!ded. 

b) A wider screening programme should be undertaken, and for 
this purpose a small testing laboratory should be set up. 
This should be preferably l.Dlder the direction of DENR 10 
and probably situated in the premises at Cagayan de Oro 
City. An estimated cost of between LSD 25,000 and 
LSD 40,000 is envisuaged. 

c) The above analytical facility should also be used for the 
monitoring of any re-forestration pror,rammes. 

d) ~~hen qualities of a broader spectrum of representative 
samples has been recorded further projections, as in the 
l're- f easi bi l i ty study, should be made for assessing an 
up-dated commere:jal feasibility. 



APPEND! X l • ll 

CH!\llONA BAili\ A~ALYSJS 

l\n!">crl on llruxrlle~ 191,q St1111do1•I Method for Analysis 

Of fj uchnna llilrk 

1. Grind the representative sample until all passes through No.JO 
DS Sieve. 

2. Moisture Content 

J. 

Dry 5 g. at 110°c for 2 hours 

( i) Liberation of Alkaloids 

Mix thoroughly in a mor1ar:-

20 g. of' ground sieved bark 
~ g. Ca (OH)2 

20 ml. 5% Na OH 

LEAVE FOR HALF noun 

(ii) Extraction 

Transfer to extraction 1himl·le (JJ x 118 mm), cover with 
cotton wool and extract in ~oxhlet with 200 ml. Toluene 
in a 250 ml. flask on a heating unit for six hours at 
8 to 10 syphonings per hour. Solvent to he kept as warm 
as possible. 

(iii) Formation of' Hvdrochloride_~f_ Al~aloids 

(iv) 

Distil of'!' the Toluene on a hot plate until about 20 ml. 
is left "in the 1lask. fntroduce 20 ml. of N/':t HC1 and 
~O ml. water. Boil off the remainder of the Toluene 
removing Toluene vapour~ in a current 'll .air. Allow to 
cool and f'ilter through a plug of cotton wool, wash with 
boiling water until the Hydrochloride has been removed. 
Volume of f'iltrate made up to 100 ml. 

Total Alkaloid 

Titrate the solution as hot as possible with N/1 NaOH 
to pH ~-5 (~.2 - 6.8 permissable). Methyl red spot test 
yellow; or bromcresol purple - blue. Fili.er titrated 
solution through a. No. 1 fluted paper. Rinse beaker 
and wash through filter puper. Evaporate to 50 ml. again. 



4. 

(v} For-mation OJ Tartr-ates or Quinine aud Cinchonidine 

(vi) 

( i) 

(ii) 

Add 0.25 ml. 1.0 HCl, Pt drops) then with stirring 10 ml. 
oJ 40~ So di urn D-Tartrate. t:ont inue to stir only until 
crystals stort to separatr., leave over r.i~ht. Note 
temperature of the solution before filtering. 

Filter the tartrates into a tared siniered crucible, 
{pre,·io11sly dried <lt 110°<:) measure volume .:>f f"iltrat"! 
and use a portion of recovered mother liquor to ef":fect 
transfer. Wash the crysialH five times ~ith 2 ml. 
portions or a solution satu1·ated at room temp. with 
quinine and cinchonidin<: ta1·trates {ratio C}.1 formed 
f'rom pure Hydrochlorides). Dry at 110°c for three 
hours; cool in dessicatcu· au<l re-weigh. 

Under these conditions Quin:ine tartrate contains 1 mol 
or water and cinchonidi1u• tnrtrate is anhydrous. 

Determination o:f Quini1H~ C:o11tent o:f Combined Tartrates 

\{eigh out. accurately, o.4g. add :from burette J.OOml. 
N.HC1 make up to 20 ml. (]f too coloured add 15-25 mg. 
o:f decolourising charcoal). Filter, through a No. 50 
paper and reject the fi1·~·d ff"w mls. Fill 2 dJn. 
polarimeter tube and de1ebmine optical rotation (note 
temp. of solution) (14-~1 C). Temperature as near as 
possible to 17°c. 

Calculation of Results 

Total Alkaloid: 1 ml. HC:I - n.31 g. alkaloid. 

Wt. of Tartra tes 

Add on corrections :for solubility and temperature (J.W. 
Commel in). 

Solubility correction {for prescribed volume) (50 + 10)ml. 
is 25 mg. Temperature correction= 25 x.02 (t-17}mg. 

(iii) Quinine Content 

Correction for temperature of optical rotation 
.0137° (t-17) to be added to observed rotation at t

0 c only 
applicable to 2% solution 
i.e. negative coefficient. 

Quinine content of comLined tartrates obtained directly 
from table of Dr. J.W. Commelin. Or use formula, 
or prepare calibration f'rom pure samples. 

Quinine content of bark calculated f'rom total weight 
of tartr~tes (corrected value) and weight of original 
sample. 
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Tahles for the <lf>termination of quinine & cinchonidinP 

contents in tartrat~s hv polarimetry - CO~~!ELI~ tahles. 

Optical Wt.anhydrous hasP. Optical Wt.anhydrous hasP 
rotation per r.m. tartr-ate rotation per gm, tartbate 

. 0 
dried at 110 C. dried at 110 C. 

' 0 ' 
cler, <? r•ffri: Quinine Cinchonidine deg.min. Quinine Cinchnnidinf> 

8°51. o. 7941 0.0000 R0 04
1 

0.6092 0. 18 51. 
0 ' o. 7902 0.001944 0 ' 0.6051 O.li\92 R 50, 8003, 

R0 1.9, 0.7Rf>l 0.007R7R R 02, 0.1)015 0.1812 
R0 1.R, o. 7823 0.01181 8°01. o. 5974 0. 1972 

0 0.77P.4 o. 01578 8°00, 0. 5936 0.2011 R 47, 
0 o. 7745 0.01972 7°59. o. 5891) 0.2050 R 1•6, 

8°45, o. 7705 0.02367 7°58, o. 58 57 o. 2090 
8°1.4, o. 7()65 0.02761 7°57' o. 5819 0.2129 

0 o. 7626 o. 03155 7°56, o. 5779 0.2169 8043, 
R lt2, O. 7 5RR 0.03549 7°55, o. 5740 0.2209 

0 o. 7548 0.03944 7°54, o. 5701 0.2248 R 41. 
8°40, 0. 7 SOR 0. 01.118 7°53' o. 51)61 0.22RR 

0 0.7469 0.04733 7°52. o. 5620 0.2127 R 19, 
8°18 o. 11.30 0.0512f> 7°51. o. 5'.:>82 0.2167 

0 • 
0.7391 0.05521 1°so. 0. 5543 0. 2405 R 17, 

0 0. 7150 0.05916 7°49, 0.5503 o. 21.4 5 R Jr>' 
0 0.7311 0.011310 7°48, 0. 5464 0. 2MV• R 15, 
0 0.7271 0.06704 7°47. o. 5425 0. 2 52!~ R 3!•' 

8°11 0.7231 0.07099 7°4(), 0.5186 o. 2 51)14 
0 • 

0.7194 0.071+94 7°45, o. 5341) 0.2602 ~ 12. 
R011, 0.7155 0.07886 7°44 0.5307 0. 261·2 
~0 10 0. 7115 0.08281 

0 • o. 5267 0.2(,Rl 7 43, 
~0 29° o. 7076 O.OR67f> 7°42 0.5229 0.2720 

0 ' 0.7037 0.090()9 
0 • o. sum 0.2761 8 2R, 7 1.1. 

'1{027. 0.6997 0. 091+61+ 7°40, o. 5150 0. 2ROO 
0 0. l)95R 0.09858 7°39, 0.5110 0. 2819 8 21l. 

~025 O.n91R 0.1025 7°38 o. 5071 0.2878 
0 • 

0.6879 0.1065 0 ' 0.5031 0.2918 R 21+, 7 17. 
8°23, O.n839 0.1104 7°36 0.4992 0. 2958 
R

0
22' 0.6800 0.1 lf•I+ 

0 • 
0.1+951 0.2997 7035, 

8°21, 0.6761 0.1181 7 34' 0.4911• 0.1037 
8°20. 0.6722 0.1223 7°33, 0.1+874 0.107() 
8°19, 0.61)82 0.1262 7°32 0.1+815 0. 1116 
8°18, 0.()61+1 0.1101 

0 • 
0.1+796 o. 11 55 7 11, 

R0 11. 0.6604 0.131+1 7°30, 0 .t+ 7 Sn 0.119S 
8°16, 0. t) 5()4 0.1180 7°29, 0.4718 0.121·~ 

R0 1s 0. 6525 0.1420 7°28, 0.1.611 0.1271 
Q I 0, l)l+R6 0. 11+ S9 1°21. 0.1+618 0.1111 R 11+ I 

8°11 0. 641+6 0.11+98 7°21), 0.1+ 599 0.1152 
0 I 

0, 1)1+07 0. 1 518 7°2S O.t+ 560 0.1191 R 12, 
8°11, 0.6168 0. l 578 0 ' o,1.s21 o. v.11 7 021+. 
8°10, 0.6128 O.lf>l7 7 21. 0.1•1•81 o. v.10 
8°09, 0.6290 0. l tl Sn 1°22. O.M+1•2 0.1510 
R0 0R 0.()250 0. lf,C)r, 1°21 O.M.07. 0. 1511<) 
8°01' 0. 6212 0.171f> 7°20' o .1.1r, 1 0.15RR 
R0 or,: o.r,112 0.17711 1°19: () .1.121. o. 1r,2 ~ 
R0 os 0.(,117. 0. 1 R \ 11 7°18 0 .11 7. H ') 0. V1f17 
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co~~:ELIN tahlPs continued. 
0 • 

~uinine Cinchonidine 
0 • 

quinine Cinchonidine deg.min. deg.min. 
• 

6°22: 1°11 0.4245 0.3707 0.2084 0.5876 0 • 
0.4207 0.3746 6°21. 0.2044 0.5916 7 16. 

7°15, 0.4167 0.3786 6°20. 0.2004 0.5955 
7°14. 0.4128 0.3825 6°19, 0.1965 0.5994 
7°13. 0.4088 o. 3865 6°18, 0.1926 0. 60)1. 
7°12. 0.401,9 0.3904 6°17. 0.1887 o. 6073 
7°11. 0.4010 0.3944 6°16. 0.1848 0.6112 
1°10. 0.3970 o. 3983 6°15, 0.1808 0.1)151 
7°09, o. 3931 0.4023 6°14, 0.1769 0.6191 
7°08 I 0.3891 0.4061 6°13, 0.1730 0.6232 
1°01. 0. 3852 0.4102 6°12. 0.1690 0.6270 
7°06, 0.3814 0.4141 6°11, 0.1651 0.6310 
7°05, o. 3774 0.4180 6°10. 0.1612 0.6349 
7°04, 0.3735 0.4220 6°09, 0.1572 0.6389 
7°03. 0.3695 0.4259 6°08. 0.1533 0. 61•28 
1°02. o. 3656 0.4298 6°07, 0.1494 0.1>46R 
1°011 o. 3616 0.4338 6°06, 0.1454 O. n507 
1°00. 0.3577 0.4377 6°05, 0.1416 0. 6514(, 
6°59. 0.3538 0.4417 6°04. 0.1376 o. 6586 
6°581 0.3498 0.1.457 6°03, 0.1337 0.6625 
6°57. o. 34 59 0.4495 6°02. 0.1297 0.6665 
6°56. o. 3420 0.4535 6°01, 0.1258 0. 6701. 
6°55, 0.3381 0.4575 6°00, 0.1219 0.6744 
6°54, 0.3341 0.4614 5°59. 0.1180 0.6782 
6°53, 0.3302 0.4654 5°58. 0.1140 0.6822 
6°52. 0.3263 0.4692 5°57. 0.1101 0.6861 
6°51. 0.3223 0.4733 5°56. 0.1061 0.6901 
6°50 0.3184 0.4772 5°55, 0.1022 0.6940 0 • 

o. 3145 0.4811 5°54 O.OQ8J6 0.1)981 6
0

t,9, 
o. 3106 0.4851 

0 • 
0.09434 0.7020 6 48, 5 53. 

6°47. 0.3066 0.4890 5°52. 0.09040 0. 7060 
6°46, 0.3027 0.4929 5°51, 0.08648 0.7099 
6°45 0.2987 0.4969 5°50, o. 08254 0. 7139 0 • 

0.2948 0.5008 5°49. 0.07Rf>l 0.7178 6 44. 
6°43, 0.2909 o. 5048 5°48. 0.07469 0.7218 
6°42. 0.2869 o. 508& 5°47. 0.07071) 0.7256 
6°41, 0.2830 o. 5126 5°46. 0.06682 0.7297 
F,

0 40, 0.2791 o. 5166 5°45, 0.06290 0.7335 
6°39, o. 27 52 0.5206 5°44, 0.05896 0. 1111. 
6°38, 0.2712 0.524-5 5°43, 0.05503 0.11.15 
6°37. 0.2673 0.5284 5°42. 0.05109 0. 7454 
6°31) o. 2r,34 o. 5323 5°41, 0.04718 0. 711911 0 • 

o. 2594 0. 5363 5°40 o. 04121• 0.7512 6 35, 
6°34, 0.2555 0.5403 

0 • 
0.03931 0. 7 571 5 39, 

6°33, o. 2 516 0.5443 5°38. 0.03518 0.7612 
6°32, o. 21.11 o. 5481 5°37 0.03145 o. 7650 
6°11. 0.2!137 o. 5521 

0 • 
0. 02; 52 0.7690 5 36, 

6°30. 0.2397 0.5560 5~35. 0.02359 0. 77 31 
6°29, o. 23 59 0.5601 5 v ... o. 01965 0.7769 
6°28, 0.2319 0.5639 5°33. 0.01572 0.7809 
6°27, 0.2280 0.5679 5°32. 0.01180 0. 71V1R 
6°26, 0.2241 o. 5719 5°31. 0.007861 0.7886 
6°25 0.2202 o. 5758 5°10 0.001911 0.7927 
r,021 •• 5°29 • 0.21f>1 0.5797 0.7968 
6°21' 0.2122 0.5817 



APPENDIX 2. 

CINClDNA BARK ANALYSIS 

Sased on High Perforntance Liquid Chromatography (HPLC) 

method of analysis. 

This method was developed on the basis of extraction by the 
Bruxelles method and use of published procedures of D.~1cCalley, 
(ref. l). 

l. Grind a represent:at:i v2 sam-ple until all ·passes t:t>rough a 
No. 10 BS sieve. 

2. ~nisture content: & drying. 
Dry 5.0 g. of grolDld bark at ll0°c for 2 hours or to constant 
weight. Record moisture content: 

1. Preparation of samoles for HPLC. 
( i) t-;ix thoroughly in a mortar, 

1.0 g. dried bark 
0.1 g. calciu.~ hydroxide 
1. 0 ml. S';~ sodium hydroxide solution. 

After mixing leave to stand for 10 minute$. 

(ii) Transfer all tht> alkalised sample t:o a soxhlet extraction 
thimble and :xtract with hot toluene for 6 hours. (use 
about 50 ml. toluene). 
Drain thorouRhly and wash cake with a little toluene. 
t:ake up volume to SO ml. and mix wel 1. 

Remove 1.0 ml. extract and evaporate dry at room 
temperature with a stream of nitrogen·. Dissolve the 
residue in mobile phase (acet:ontrile-0.lM potassium 
dihydrogen phosphate (Js17) adjusted to pll 1 with 
ortho-phosphoric acid) and make up with same so~ution 
to 5.0 ml. 

Lse thi~ solution for injection. 

4. HPLC analysis. 
The following eouipments have been used to perform the 
analyses reported upon here. 

(i) Lsed for samples 2604, 2606, 260R, 2610, 2612, 2614, 
and 2616. 
Equipment• t\ltex 110A double reciprocatinp; pump, l'hilipps 

LC1 ultra-violet ctetector (set at 220 nm), 

Column: 

a Rheodyne valve fi~ted with a 10µ1 loop. 

IAchrosorh RP-R S~lect B, 25cm. lenRt~. 
O.t,cm. i .d. O'P.rck, Darmstadt, FHG). 5nm. 
particl f' si zr>. 



r-'Pasur<'~.,:~t= Kf>t<'ntion ~.irrtPs ;1nd pPak ar<'as mf""asorPd 
,,..ith Trivf'ctor 2000 computPrisPd data 
station. 

Standards: 

l'eak .assir,nmP.nts basf'd on comparison of 
retentlon timPs with those of <!uthentic 
standards (Fluka, Sir.ma). 

These havP to he assayed by llPLC prior 
to use since some contain lar~e ou;ncicies 
of corn~sponclinr, di- hydro compounds ( se~ 
ref erencP traces (Appendix 3) 

(ii) Lsed for ~amples 2605, 2607, 2609, 2611, 2611, 2615, 
and 2617. 

Equipment: 

Column: 

t-:easurement: 

Varion 5000 llPLC. Ll tra-vilot detector 
(set at 220 nm), 10 pl injection loop. 

pBondapak ClR column. (Waters) 

Philipps Pl 4Rll Computing intPgrator. 

Reference traces for both columns, together with some typical 
sample traces arP to he found in Appendix 1. 

1 
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CALIBRATION. 

SLandard trace - Lichrosorb RPR SelecL B column 

.i1~ ~000 A~i!!SlS 4.86 
~~LE A005 !~!? ~~~989 

c 



lR 

ir:lab ~o~~ ~~l~~E!E 4.3S 
S~"PL~ A~0S 1;5! ~5~~89 
Plc~t1~9 f~:t0~E l~~~~.84$ -23.062 

7·~. '~ 
~.;.!.{;3.~ 
! t·':·. '.:.• 
z·~'-=·. ~~ 

Sample 2614 

~============================~-~= -~·•?. •! QrJ 

f 
f 

HQN 



.----------------------- ------ -

19 

Tr1la~ 20~~ Anii~sis 4.86 
SA~PLE A~09 !728 050989 • : • t)(•~- :· 

~lottin3 factors 13041.848 -23.662 

Sample 2616 

-~=========-- 534. :} c. j) 

( 

--===============================-:: ..:C~·9. e. Gr.J 

rlQ"' 



20 

CALIBRATION. 

Standard trace - Micro-Bondipak c18 column 

FILE 

fHtKM 

1 -. 
.:. 

3 
4 
5 
.; 
7 
3 
9 

TOTAL 

2• l5e9 

1. l'tETHOD 0. 

~·- 5~:~ 
2- _?I}._:. 

1:.29.; 
16. ,_;;a5 
26. :357 
37. 929 

1. 1~11 
13. 69;3 
13. 1~}22 

l(h). 

RT 

1. 89 
2. 1 '5 
4.6 / 
4.SS) 
6.2~) 
6.SJ 
e.13 
9.1e 
9.64 

CALIBRATION. 

RUH 11 

FtREA BC 

2316 ~2 
:;:.;is ~::; 

5225'6 li2 
65e28 .,.2 

105635 02 
149226 92 

6716 (t2 
2747 ~2 

~7 93 

ltfDEX 11 

Standard trace - f-ticro-Bondipak- c
18 

column 

fi'. S2 ~. 65 
s. 74 

~7.1'.'6. ~'3 15:53:57 t;H• "q" 
FILE 1. ME THOJJ 11. ~l_I ... 19 ltll\E~: 1'3 
F'EAKlt A~:E-:H~ RT nP.r:n ei: 

1 9~. tl:i!i H. 14 4r,r,41 ~7. 
~ r::t. ( •• ~o : ... ').? 1~1 '!\2 J 'i. ;,n; ~1. 6!3 ~39 ".'] 

Used on Run 1 

Samples• 
Cn 14. 75 
Cd 12.70 
Od 13.90 
On 19.40 

l mg. 
mg/. 
mgi. 
mgi. 

t:sed on Run 2 
Quinine only 

PS• 1. 
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F!!..E !. 

PERK .. 

1 
2 
1 
4 
s 
t. 
7 
8 
~ 

10 

fJLE ::.. 

PERKI 

1 

' 3 
4 

5 
6 
7 
8 
9 

1'3 

oQTA\.. 

tlRERZ 

et.4~1 
e.esg 
0.427 
~.151 

18.2 
i5.1S4 

J.302 
~3.246 
~.94€ 

8.36 

METHOD 

P.P.~A:-; 

0.2::?4 
1.?~6 
0.929 
'?. 15~4 
0.606 
2.4ee 
48.2~6 
27.874 

1. 5'.?S 
J :>. 587 

11i.'0. 

e. 

3. 36 
2. 37 
1. ~1 
3.~9 

"· :!9 
~. 63 
5 .. 5~ 
5. 78 

a.44 

21 

• 53 

s:-·-· ...~, Z4 

ii REA 

-a·, 
".:1-.::. 

!SJ:; 
7]0: 
26~ 

sn.su5 
27~6! 

~'562 
5696 

SA.S:)2 
6811 

-.:.:z~~ 

BC 

e1 
0, 
€12 
03 
~2 
~2 
02 
02 
~3' 
01 

~5. '36. 9~ 

e. ~!JH 2~ 

!?T n~t:A SC 

2. 37 495 02 
J. ;_\~ 3?16 0~ 
4. 36 1964 02 
4.~J 1:;~3 QI'"' • c:. 
4.£6 1281 0] 
5.Sl 5253 02 
5. 1~ 1i:'.\2~3Z R""' ·"" 6.55 5B900 02 
7, as J244 02 
8. ::!6 ;--.a-,.. 

..;.L..,.~0 0?: 

z.a:cn 
----· 

I:E'I~;..: 24 

17::;o:~t; 

i"'i•EX ~0 

~ • ..lf 

Sample 2607 

Run 1 

;;H"' "fF PS= 1. 

Sample 2609 

Run l 

CH= •R" PS= 1. 
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r N.~ECT ~'.'..'. '.'~. ?\:.l i::~: ~;::: r:."~ 

~!LE 1.. l1ETHCD 

Pffr!<I fiREA;; 

1 0.148 
l!'.427 

., 
c. 

:; 0.401 
4 12.802 
s U.322 
.; S.72Z 
7 55.~45 
8 2.2~8 
:9 7.~25 

TOTAL :100. 

CHF!Ht-!EL A 

l=!LE 1. 

!=>J::Ri(• 

1 
2 .,. _, 
4 
5 
6 
7 
3 
9 

il)Tfil 

2. 4:9 
3.26 

9.38 

METHOD 

~REA/! 

'.!'. 473 
~.0l1 
0.112 

11. 555 
12.35~ 
5.762 
2. 992 

61.234 
5. 227 

10~. 

e. 

l\T 

.... ?~ 
c:.. -=-
3.05 
3.59 
~ • ..r.1 
4.6~ 
5.81 
.;. 24 
7.4S 
e.4J 

~-

RT 

2. 49 
2. 152 
2.26 
4.56 
4.98 
:;. 85 
~- },: 
7. 
9. ~* 

-. _,_ 6.; 

~~!"-! 2~ 

~!?:~q si: 

:Sf!l '31 
i!:r]? ~1 
~;".; 02 

S!126 02 
29~87 02 
21207 02 

!36024 02 
~~6!:1 '32 

4~0~6 '33 

24:?14~ 

------

s1e a2 
SJ ~3 

:-39 01 
19~91 ~2 
2!l~2 92 
99;::~ 02 
5477 02 

106029 0'.! 
51~44 01 

Sample 2611 

Run l 

-.. :-:f=1 

T "-ll"·C"'J r-.-, 
.a•••·-•"' L-• 

sample 261'3 

Run l 

(:f-:= .. ~.. PS= .. 
~-
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THJECT ~S.06.9~ 16:14:56 

Sample 2615 

Run 1 

s.ss 

(•5. '36. 90 16=14:56 

FILE 1. l'!ETHOD 0. RUN 14 INDEX 1.4 

PEA'<• AREA~; F:T AREA BC 

1 1.sn 2.49 ~3:33 01 
443 02 ... .... ~.'3~4 3.13 

~3~'3 e2 .. 
.::- ~.353 "'/ '°'c _,._. L~• 

4 e;:i. ~1:> :s. 77 480 03 
5 .!.3. 27 .... ':-'= ~~215 02 
s 22. 03:i. 4. 97 33560 "" .c:. 
, 7 .. ~~9 5.25 1 ·1 C:.:l-4 

____ ... 
02 

i;i 2.0~~ 6.3~ ZAS.! "~ .G 
0 J...., .--....,. . (. -==-~ ;-.a7 ?i94S ~2 

1.0 ;!'. ~3~ 7.i6 51 0:::! .... , ... _ 5.~28 ?.]7 7659 ~1 

TOTAL 100. 

Sample 2617 

Run 1 

115. '36. 9'3 17:~13:07 

Fil_E A METHQD i:.:i. R:J:-i 22 :i~D;;.;.< 22 Jo.• 

~~AKI ARER% ;;'.T AREA B:: 
1 13. 925 2.38 1913 0! 
2 0.691 l.. 01 1429 02 
-, 0.4'.:13 7 ..... 

1~2~ ~1 ... .,,,. ,.,.;; 
4 12. 41)4 4.77 2:;776 ::ii--.:. 
~ ,?. ?'~?. 4.62 57455 92 
.:; 9. '346 5.39 !el06 02 
( 2.~n ~·. 73 ~'541 1r - <=. 
8 41.525 6. ~ 85~7? 'l'B 
;i i:4. ".":!.? 7. 5~ 24 05 

Hl 4.?81 ~.37 ?"'"9 n~' 

TQHIL lf:."-1. ?~(,7% 



t;HAHNEL A !HJECT 9?. fJt;. ~~· 16: Ht: 43 

11. 6B 

07. 'i.'6. 90 16:10~48 

FILE 1. METHOD 8. RU ti 20 INDEX 28 
PEAl<t AREA:~ RT ARE~ ~c 

1 1.447 4.07 1925 2 01 
1..195 s . ..:.;5 1590 02 3 tJ. S36 6.95 111l p.-. 

4 5.~~2 
. ..: 

7.83 6722 8~ 5 S3.42S 8.6c 111~08 0B 6 ~-Sil 10.E 
7 7. 5:?-1 

600 0~ 
11. 0::8 1'=!020 ~1 

TOTAL 1~~- :!.2:?0~13 

CHRHHEL A ZHJ£CT 07.06.90 17:99:25 

S.85 

11. 79 

FILE 1. 

PE~KI 

1 
2 
~ 
4 
5 
6 
7 
e 
9 

TOTAL 

METHOD 0. 

(1. 533 
21. 433 
1.3. ~A? 
l. c.:~!39 
3. (193. 
3. :!.~6 

55. t.14 
13. :;-:..;; 
0. 742 

RT 

~- 01 
~- 69 
_._A~ 

7. 1 
7. 23 
7. 5 
e. es 
9. 53 

11. n 

07.~6.90 17:09:25 

RUH 24 

AREA ec 
334 01 

154~9 02 
1C:IAR"? 02 
7~5 ~2 

2229 02 
2303 02 
4~074 02 

264 0~ 
535 A1 

72'357 

IHDEX 24 

Sample 2605 
Run 2 

CH= "A" PS:: 1. 

Sample 2607 

Run 2 



-·· 0::6 

... 
-=::::-~~~=======================:s. ~.71 

'!J. 77 

FILE 1. r-t£THOD 3. R'vN ?"' -~ i~DEi< 

PERK• AP.EA BC 

1. "). 969 J. 9:3 1532 ttl 
2 1- :;;73 5. 6€. 2173 01 
'.? e.? 7. 8!. 1424 &2 
4 :37. 573 3. 71 i:;ssa:. 02 
5 0. 3~1 ;. 77 1.44 0J 
6 ~ - ~95 11. iS4 14]:~2 li.'1 

TOTAi •QO ·--- --

CtfRN,.."EL A 

AT 4 

11. :"? 

'37. 06. ?~ 1~?46~4? 

FILE 1. ME.THOD Q. pl_IH 18 IN!lE:-: 

FEAK• AP.ERZ RT FfREA BC 

1 7.188 5.59 7732 12'2 
2 7.3]7 ~-~2 7891 02 
3 0.059 6. <&!( GJ ~J 
4 1.en 7.14 2014 02 , 4.337 7.77 461S5 li.'2 
'5 71.~25 e.6S 76342 02 
7 1. 72'J lli.l. '='4 1854 02 
~ 5. '.:'6 11. 5'.? 6411 03 

TOTAL 1130. 1'37574 

23 

1::: 

Sample 2609 

Run 2 

CH= "A• PS= 1.. 

CH= •R" 

Sample 2611 
Run 2 

pg .. 1. 



26 

CHANNEL A 

1?7. 06. 9~ 16:22:49 
FILE 1. l'IETHOD 0. "'.!.!~ 21 lH!.'E!~ C'.1 
PEAK' AREA/. RT Pr=:EA BC 

1 0.669 2.?? 4ec; 131 ... 
12.425 S.62 ?'327 R""' 

L 
.c:. l 11.561 6.04 ~~99 R~ • ..3-4 ~- 715 7.16 2€?9 02 s 2. 1139 7.7~ 15:?2 02 6 64.07S 8.76 4~554 l!'l 7 S.444 11.. 72 3955 ~1 

TOTAi 1AA. ~·"'l~c:~ 

CHANNEL A 

") ~Q 
'-• _, -

4.02 

(j7. 06. 90 16:42=::?a 

FILE 1. METHOD 0. RUf4 22 IHDE;< 
PEAKI A!=:EA;~ RT AREA EC 

1 1.553 2. 99 ~~4 01 
2 '="· '538 4. 82 392 01 3 15.0'J7 5. '56 9220 92 4 21. :!~9 6. 09 13141 02 , c:. 552 7. 17 ~254 fl2 
~ 0. 43::? €.1?4 266 02 7 4~.166 8. 8 ::0179 0J e 2.5ee 11. 73 1~'41 liJ2 9 1:1. :!:15 11. ~·9 501 R-· . -' 

TOTAL 1 f1C:1. 61429 

CH= "A• 

r~H= "'A" 

22 

Sample 2613 

RlD1 2 

F'S= 1. 

Sample 2615 

RlD1 2 

PS= 1. 
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CHANHEL_A INJECT 07.06.90 17:21:50 

Sample 2617 

'· :1S Rllll 2 
.eJ 

11- 2?, 

07.86.~0 17:21:50 CH= •A• PS"' 1. 

FILE 1. 11ETHOD ~. RUH 25 HIDE!< 25 

PERK• ARE~;:.: rn AREA BC 

1 1.173 2. 99 .S79 91 
2 ~.255 4.03 189 01 
J 1.5.~27 5.71 11143 ~2 
4 33.368 6.09 24744 02 
5 8.075 7.21 59SS 03 
6 41.252 &.eJ 30599 01 
7 o.~5 11. 83 '538 01 

TOTAL 19€4. 74:154 

iOTwL f".~~ 
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