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A 13ASIC pri,gr,lm l h  t l r . scr ibed Lo e x p r e s a  LT50 (time to SOX m o r t a l i t y )  a s  a t h r e e - p a r a m e t e r  ( K 2 ,  A ,  R )  
fitric t I C P I I  of Loxfcnr l i  cont.e!It r a t  1 0 x 1  ( ( :W):  LT50 = - I n  (A-A/GW)/KZ. A t a l r i x l a t o r  program,  piibl i ~ h e d  p r e v l o u b l y ,  
I Y  a i o t ~ u n t . i ~ t t v l  t o  l i l t  t i l i i c t i ~  I t a  p o r l r i h l l t t y .  

K,.y w i , r i i r i :  itrikrrrtic l i ) x l i r ) i . r ) p , j ,  rrr:iLv i o x i i  Lty ,  coml,utcsr progrnrn 

% i t  k o ,  V .  1982. LPTCUK, t h e  l e t h a l i t y  c u r v e  p rogram.  Can. Tech.  Rep .  F i s h .  A q u a t .  S c i .  1134, iii + LO p. 

i,e iw'i.senl r a p p o r t  i n n t i e n t  l a  d e s c r i p t i o n  d ' u n  programme BASIC p e r m e t t a n t  d ' e x p r i r n e r  le  TLSO ( t e m p s  
rcqrr i 5  p o u r  502 d e  r n o r t a l i t 6 )  c o m e  E o n r t i o n  8 t r o i s  p a r a m e t r e s  ( 8 2 ,  A ,  8) d e  l a  c o n c e n t r a t i o n  du  t o x i q u e  
JCW) - Fi,",ii - -in { . 4 - ~ / C k " ) i K 2 .  Une rCE6rence  3 un programme mach ine  d6j3 p u b l i s  e n  f a c i l i t e r a  la 
p ~ r t ~ ~ h ~  i it&. 



1,t.t l ~ ~ i i  i t y  < ~ a r v e s ,  grapiis of time to LT50 
p i o t t e d  va LW, a r e  used widely i n  aqua t i c  
L O X  lcology , They p re sen t  g r a p h i c a l l y  the  "dose- 
rnori,ii l t  y" r d a t i o n s l ~ l p  nrtd a r e  ex t r apo la t ed  
i ri*rjtlr,itc l y LO ent lmni  r the i n c i p i e n t  l e t h a l  l e v e l  
( i t s t  iriri l i  y t i i reshoib) .  

h,r% irecn bugp,ebted fo r  lhc l e t h a l i t y  rurve  (Z l tko  
1979) .  This .ugi-;estion w'is based on the one- 
rompartmeiii model of uptake of chemicals .  

Express ing the l e t h a l i t y  curve In t h i s  
mi,!iil<sr i:;~s s eve ra l  advantages over the usual 
pi:,tiiiig a id  s t o r a g e  of tlie grapiis. The da t a  a r e  
cor~dr.itrir.d iiltn il~rc?c! pirnmetc+rr; and mny be s tored  
I-t-,id i ! y 111 ii datn hasis, Comparison of rile vaiiies 
rjl ! l i t .  ~ ~ i r ~ " n r l ~ t i + r t *  fo r  tr ~~tiiniier of chcmlrills may 
1 r - i l i i  i i i  i l i a  iir:vui~r)izur~iit i;f s i ruc lu rc - /  lt*l.\iatii i t y  
r-r.1 :r! Iiiiiiiirl {in . C;ti<.!i i,c?mlhifillno~~ri tjrn* pri!ei tc ' i i i  1 y 
j ~ i i ~ ~ ~ ~ t i l i i i c .  air itrv iii hvtir rxrly q ; i r i i  l t r i i l v c e ,  dreii 

I I v 4 I I 1 I I In 
111111 1 2  i o r i  , I : , ( .  i p?  r*rli  I # * ?  l i i i  l Levc-lia :irre g i  ven 
r .o t1~1 s t v t ~ t  1 y by t l i t ,  r a t t o  A / B s  t ' ind  the 
vi, I iata!i :,I liic L:irer* [li?r4amcters 18 s t r i i l gh t  forward 
h t i ~  t i  inv-consurniiig , f i i~~ccl  i: iovoi ues  searching 
f o r '  < r  v i ~ Z r l c  of K2 whic1.i y i e l d s  eo r r e l a t i o r i  
rcrc4l i r j e i l t  K -r; -0,9 between EXPJ-K2*LTSOJ and 
1 / !:or ~ 1 1 ~ 1 1  xi*ic<:ted vvirliie of K2, l i n e a r  
riagrr:s.i1on muht be cnl r i i la ted  to ob ta in  the 
(.i)i-r(.~liiiit(iiiij: iiiilueii i i f  LI?C parameters A and B *  

?'lit. i-irigilrili piper (Zitiio 1979 ) con ta ins  a 
:)rc,p9r:iin ti, perforin the r i l l cu l~ i t i o r r s  on the iiP29C 
yrr-:,p,riami;~iilii(. rniculi i i .or,  Ric program has not 
ihrcr? d~ct:niiv:Led snci,  s ince  tile W 2 9 C  i s  no longer  
,I coniini)ai c a l c u i a r n r ,  t h e  t r a n s f e r  of the program 
to o i i ~ . i -  ca lcula tor . ;  prt>sciits problems, 4. 
d c a ( ; i i l r ~ d  dircumc.ntalla:n is gli)en i i i  tills r epo r t  to 
a;ikrb r l , ~  jirogrnrn riifiy tii ianplratir~t on any 
pro):r;~rnini~h!c cralciilatrir. 

?'lit. r n t i l i i  jurk ii: t i i f  ti repor? ror?L<iinu 
diii.\iiiii.n! * i t  i o i t  i;i  lie Irrrixre'm i,ilTCLiH, wr i t t en  l i t  

I i n  I A 1 'i'lra. prr,grtim rail cztl i i trs  val.iie!ti 
o i  t i i t *  t !~rk. i~ j)ifrillili-Lt1rii i11i1I jiloZ8 l ! i ~  1t!~l1allt.y 
curvia  <it:  w i 4 l l  'lli~' jxIra1invier cn i r r iLn t i~ r l  j%rt L R  
reirillly tririiwfcriahlc t i )  any cnrnjjuier w l  t i )  a  
riiiiioii;~hiy "n~:ritdiartl" MASIC I n t e r p r c i e r ,  On the 
i ~ t i i c r  iiiiilti, rite p?ot t i i ig  part  my rrcjiaire 
c.cirl.iidrbriihie r c w r i i l n g ,  al thougln the  a lgo r i t hms ,  
~iii.ir ;i:i tlloae fo r  p l a t t i n g  logar i thmic  s c a l e s  and 
citiril lnrriliirg, a r e  gene ra l ly  a p p l i c a b l e .  

i,;<TI:iiZi als i l  conla inn a "ccinven iencc"  rout  f i l e  
f o r  L l i r  r . :?i?ulntlon of ineikn coi icent ra t ion  05 the 
irix!rilr?t i f ,  ::s is :i!r ?awe I11 mest s t a t i c  
cx~1erliilct3t i;, the eoficentre%.lon dec reases  
r xjrrhiii,iii i ; r l i  y Mlltil L I n i r ,  Ti?&> r o u t i n e  ,?I F;C 

11rri91iiies For t i le  iis~uil prcicticc* (if changing the 
(iixfi.a!rc soLiiLlnn at  4 %  h <>i' exposure,  

I i i  t i le  attiichtad I 'itii:ngs tile ciil i"t i lotion of 
tile ptir;~iiii*tcaro: K2, A, ; ~ r ~ d  B i 8  p r f o r n ~ e d  by 
i ; ~ i ~ ~ t * r i r r , i i t , l i  i 00 -765  aird 30011-3150, t l i ~  Lat ter  

corttainlng the l i n e a r  r eg re s s ion  sub rou t ine .  A 
major p r t  of the  l i s t i n g  ( s t a t emen t s  770-1380) 
d e a l s  with p l o t t i n g  the l e t h a l i t y  curve.  
S ta tements  4500-5010 a r e  used op t iona l ly  t o  
c a l c u l a t e  the mean concen t r a t ion  of the t o x i c a n t  
and to d i s p l a j  the  concen t r a t ion  vs  time curve .  

The a r r ay& d i n e n s i o n d  in  s ta tement  103 a r e  
used a s  i o l l o d s :  C ( 2 0 )  t ox i can t  coneenc ra t ions ,  
T(20)  LT50%;, 6(2i?j ca l cu l a t ed  LT509s, Z ( 2 0 )  
s ca l ed  logar i thms of t ox i can t  cnncen t r a t fons ,  
D(20 )  logaritlzins of ZT50". The a r r ays  may he 
expended, but t h e r e  a r e  s e i d m  more than 20  
p o i n t s  i n  l e t h a l i t y  t e s t s ,  

Concsnzra t ien  m ~ t s  should be chosen so t h a t  
t h e  values  a r e  p.i. Tiris i s  because of the  
p l o t t i n g  fomac used. For  the same r e a m n ,  
exper imenta l  d a t a  must be e n t e r &  i n  decreas ing 
o rde r  of ~oncc l i i t r a r ion .  In au tosca l ing  
( s t a t eemnt s  845-960) the program assumes t h a t  t he  
f i r s t  and l a s t  t ox i can t  concen t r a t ion  entered  a r e  
tile h igh r s t  and tile loweht, r e s p c t  i ve ly .  

Thts hiu.rri l i  f o r  thr*  opi lmum value of K L  i s  
p t ~ r f i ~ r r r i t ~ d  l i t  t i irr t-  s tagcb:  ' r l r a t  ( s ta tcmc. i~t*  
2 0 5 - 3 0 0 3  i i  jirc%llmlniiry galtic 1s found, vtilr h 
g iven n i i ) r r t a l n t i o n  c i i c C f i r l e n t  !Is -9.9. Then 
( s t a t e i r c n t s  320-4351 tile i n t e r v a l  c o n t a i n i ~ j g  the  
opt  Frrum v z l i i c  i s  ob t a ined ,  F ina l ly  ( s t a t i m e n t s  
460-640) t i l e  i n t e r v a l  i s  narrowed to wi th in  1% of 
t h e  optini~m K2 value .  The whole a lgo r i t hm i s  a 
g e n e r a l l y  a p p l i c a b l e  "one-dimensional ' 

o p t l r n i z a t i o ~ .  A convenient  s t a r t i n g  value of X2 
i s  ~ i 6 m l l y  K? = 1, but t h e r e  is  he op t ion  f o r  
the user  to s t a r t  wi th  any value ( s t a t emen t  210). 
311 cm,p le t ion  of the  op t imiza t ion ,  v a l d e s  of t he  
parameters K L ,  A and B, t a b l e  of t ox i can t  
concen t r a t ions ,  experimental  and ca l cu l a t ed  
ZTSO's, and the i n c i p i e n t  l e t h a l  l e v e l  a r e  
o r i n t e d  ( s t a t emen t s  645-7651. The l i n e a r  
r e g r e s s i o n  bsed during the op t imiza t ion  
( s t a t emen t s  3000-3150) uses EXP(-KZ*LTSO) a s  the  
dependent and 1 / W  as rhe independent v a r i a b l e .  
Tile ca l r t l l a i rons  a r e  r o ~ t  i n e  o the  w i s e .  

LC prepa ra t ion  f o r  p l o t t i n g ,  the  program 
f i r a t  iietennii'iea whether t h e  i n c i p i e n t  l e t h a l  
l eve l  i s  too c lose  to t b e  Y-axis and,  If it is, 
t h e  X-axis w i l l  be hcaied t o  s h i f t  the  i n c i p i e n t  
Letlial lcwel to the rPgbt. T I I ~  v a r i a b l e  I, 
(statemeiitn 7 7 4  and 776)  i s  the f l a g -  r"tlii?lT 
CWKS(i41) w n n s  " c l e a r  screen"  ( s t a t emen t  R O O ) .  
L o g e r i t h m ~  nf expe r imen td  iT50 l s  and t o x i c a n t  
c o n c e n t r s t i o n s  a r e  c a l c u l a t e d .  A t  the  sane  t ime,  
t h e  former a r e  b h i f t d  to s t a r t  f r m  0 ( log  1 ;  
s t a t e m e n t s  810-840, s ee  a l s o  950). Next, the  
numbers of l oga r i i hmic  cyc l e s  needed on the  axes 
(:I on rhe X-axis, W no the Y-axis) a r e  determined 
( s t a t e m e ~ i t z  845-950). The loops i n  s t a t emen t3  
970-1210 draw rhe " t i c k s "  OR t t h  axes. Thi s  i s  a  
g e n e r a l l y  d s e f u l  algorit i im f o r  p l o t s  i n  
l a g a r i t h ~ i ~  coo rd ina t e s ,  

Pri i iLtrg l a b e l s  ar~d i c a l e s  ( s t a t e m e n t s  
1212-1241 ) completes the p repa ra t ion  of t he  graph 
format ,  The f l a g  09 i n d i c a t e s  when the  s l m r t e s t  
LTSO i s  l e s s  than 10 ti, and the Y-axis i s  s h i f t e d  
accordingiy .  h p e r i m e n t a l  p i n t s  a r e  p lo t t ed  by 
5 ta tements  1232-1260. following t h i s ,  t he  
incipient ,e thal  l e v e l  l i n e  I s  drawn and labeled  
(s ta tement . ,  1266-1296 j. F i n a l l y ,  the  c d c u l a t e r l  
l e t h d i i y  curve i s  p lo t t ed  ( s t a t e m e n t s  1298-1320) 
and the graph  i s  Labeled by the  name of t he  



( (>i~iiio~ui(! l nc  i p i  (*:it l e i l i t11 l e v e l  , and the 
cc;~:,iLli~ii oi t'iic Letiidl l t y  c u r v e  ( s t a t e m e n t s  
1321- i  3 i W i .  

Tiia i l c s ~ r l h e d  a u t n n a t i c  graph f o r m a t t i n g  and 
p l o t t i n g  r o c i t l n ~  worked well i n  a l l  of our  
i l p l )  l i c r r t  foris iinwewor , silch ~ ~ i t o r n a L e d  r o u t i n e s  
ir-rii LO run I n t o  problems i n  some tlnticrual o r  
irri,iiit i ( 4 pa "Lr aajrplicrrl Ions .  Staternenti, 4000-4030 
: q t * * t i ~  "*issi  prri wouri e to  gr,ipirics", " a h s i g n  
disi-it in i i l  lo81 to pZoLLt*r (331)-113#6)", and " t r a n s f e r  
T l i c B  ', ri %j>c*t t l  veiy .  ? ' i~i .slr  exec ullo:i r e s u l t 8  i n  
c ~ ) , # y l n ~  i i ~ c *  ~ r ~ i p i i i e s  t i l e l ~ l ~ s y  an LI!c plotter. The 
I l k r  l i ~ g  l h  i o n r  iitdca by Elit. ope lo t . n l  r o u t i n e  
c-itir t i 1  , i t  l i l i :  medo r o n c  i . n i r t r t i r rn  of tlie t o x i c a n t ,  
'l'hv i a l  i ( I  lntliir: r i sSUmC?h  errzit the  c o l r c e n t r a t i o n  
r l i s i  r i B a i c e  c x p o r r c n i l a l l y  vf tlr t i m e .  To check t h e  
v ,* l  i a i t  y i ~ f  r i i i i  a i s . ;uap t io i~ ,  t h e  cor lcen t ra t lo r l s  
<:re p1oiti.c: agni;:bt t i m c  For a v i s u a l  ciieck. It 
ii a l s o  p o e s i h l e  to iibe o:~Ly s e l e c t e d  p o i n t s  f o r  
ilii* i a l c i i l n t f o n ,  The p l r n m e t e r s  " s l o p e "  (M) and 
' I l i t e r i rp : ' " ( t  a r e  d e t r r r n l n c d  by l i n e a r  
r (  p:rcbilon orr tile l l n e n r - i ~ e d  f u n c t i o n  ln(CW) - 
El? i( . Thr i o n r e r i i r a t ? a i ~ s  sliould be enrered  
rc i, ir  I v i  t:i c o i ~ r e 1 , L r i ~ L i m  n t  Limo t 0 
( k t  iittsniriith 4 r i O l ) - 4 W L I I ) .  The xitbrout. Lneh ~ t a r t i n g  
I C I  w t , t i i . m t * r ~ t  w 11920 land 498P draw tiit* poiritn .tad 
C I  ~ q ~ i l (  t i l r ~ t t v l  : $11 V I ' ~  rl,iijias t i v c . 1  y. 

S t  i l  r r*nir~iri a 484il-4890 ca l r r r  Ltite t?ic inenrl 
coiri.c*iii riii lori. 771 i w dcpendii nri tile I~t igCii  of 
c ~ x ~ x i s i ~ r < ~ ,  t i i ; l t  Iw t i ; ,  rirc !,Ti0 a t  ii  g lvci i  
i .i ,iivr*iiiriisim rind "i c ~ d l c t ~ l i a t e d  from tile formula :  

i"iii i , i l  i t i l a i r  i o n  d h % L m e h  *:i,tr :tic tnx ican t -  
h o l  iir i o r l  1'- thdnged a: 48 h e  Accord ingly ,  f o r  
I l % 4  {at! t r  the c a l c ~ i L i l i i o n  proceeds  a s  o u t l i n e d ,  
n i i t  iilr 1.1 5J -48 b tiic c o n c e n t r a t i o n  i s  averaged  
to 48 11 ( i r a t e w e n t  4 8 7 2 1 ,  a n o t h e r  wean is 
c,rli r : ici tc?d f o r  trie cxposbre t ime i n  the  new 
i o x l ( , r : ~ i  s o i i i t l o n  ( s t a t e r r e n t  4 8 7 3 )  and t h e s e  two 
n , i a 3 i a h  d i i r  irverdged a g a i n  (h ta ten ien l  4 8 7 4 ) +  I f  
i t i t *  cbxp: r  i mi,ric wns c a r r i e d  ticlut f o r  longer  than 
tit4 t i  w i t  i i o t ~ :  m111<11,11  i hiinge tiien wiactrncnt 4865 
nil*t hi. irii,,iitied, A isoci i i icntrorr  would izluo be 
rc qu"iri.rl it,? i i o i ~ i l i o i i  i i  ,lrip,es t ak ing  lilnce nl. 
hlri)rti 'r :!m Intiarv,il s. 

A i  t i  r  r ,)mliicLioq o f  Lirhc c a l c u l a t i o n s ,  the  
,,I t,gr<irn vroi r-edh t o  f i  r t t ~ e  L e t i i a l i t y  cilrve 
t i  0 There  is nu p r o v i s i c n  f o r  
siaitaiirq tire (W vs  t ime graph  t o  the  p l o t t e r .  I f  
d r i i r c i l ,  rli-ls o p e r a t i o i ~  may be easily 
, i i i ~ ~ i r p l i s i r c d  naniinl ly.  

program c o n s i s t s  of f i v e  s u b r o u t i n e s  ( c a l l e d  
l a b e l s ,  LBL). Some a r e  used i n t e r n a l l y  by t h e  
program, o t h e r s  a r e  s e l e c t e d  by t h e  u s e r .  1BLO 
i s  used t o  e n t e r  d a t a .  The parameter  s e a r c h  is  
performed by W3L1 which c a l l s  LBL2 and LBL3. 
Values  of LT50 f o r  g i v e n  0.4 and f i t t e d  p a r a m e t e r s  
K 2 ,  A, and B a r e  c a l c u l a t e d  by L3L9. G r e a t  c a r e  
must be e x e r c i s e d  i n  p r o p e r  c a l c u l a t o r  
i n i t i a l i z a t i o n  f o r  t h e  v a r i o u s  o p e r a t t o n s .  

I thank  Ms- R. G a r n e t i  f o r  e d i t o r i a l  
a s s i s t a n c e ,  Mrs. J. Nurley and Mrs. B. Fawkes f o r  
t y p i n g  t h e  manuscr ip t  and a r r a n g i n g  t h e  r e p o r t ,  
M s .  Madelyn M. ' I rwin,  and Hs. R. G a r n e t t  f o r  
p a t i e n t  p r o o f r e a d i n g .  Drs. D. W. McLeese and 
S. Ray commented on the  m a n u s c r i p t ,  
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eb3-B 
GOTO 640 
Y 1 4 3  
193.rK2 
Of 4 3  
83-8 
I F  FV2;Vf ) / V 3 > . 8 d  TWEH 460 
PRINT S 1 1 ~ 8 1 8 9 ) ~ 1 $ S 9 $ S 1 L * S $ $ : $ S ~ S B B  
PRINP "CONVERGED F I N A L  VhBUES: wrnr ~ rzogs r , r~ i s r , z rc r ,$s~~s~s~f i  
PRINT ;;KZ- ;V3, A = * j a l U B m  :B.5 
P R P h P  S S S ~ Q ~ B S O $ i ~ S S B S Q 1 1 S S S ~ ~ ~ $ : % i ~ S t r $ ~ S B ~ S S S B S ~ S ~ S S S S ~ ~  
PRINT 
P R I N T  :: L T J O ~  PRINT COWCENTRATBOW ----------------------a1 

PRlHT C I r U  HEA SURED CALCULATED' 
PRIM7 B ~ s m ~ ~ ~ ~ m ~ ~ ~ e ~ ~ s ~ ~ s * d ~ ~ ~ ~ ~ ~ ~ ~ ~ s ( ~ ~ m ~ ~ ~ ~ ~ ~ m ~ ~ ~ ~ ~ n  

EOR 1.84 TO Q 
k F  h+BbC( l ) < = a  THEN 759 
G< I >I-LOC(d+B(G< I > I I K ~  
PRINT C C I B , T $ I > , G ( I >  



I >,P< 1 >, 'OUT OF RhMCE" 
3 ~ s ~ l l l l l s ~ o l l l S ~ 1 ~ f d ~ t i ~ ~ m ~ a ~ y i : ~ n ~ ~ m s s  

#6S11L#L118$L1$81L1$$#B1BD$D(EDJL$$U 
76: PRINT "TMLEBHOLD 18 - 8 / A  
74b PRiHT " * * I ~ o s L s o ~ ~ I * & I * s o $ B $ $ ~ B o ~ L s ~ # s s ~ ~ ~ D $ ~  
77p INPUT "GRhPH 8 "r"EI< > H@-( 2 > O2 
772 REN T 8W1CT ZF B ~ R ~ S H O L D  ~ f n ~  CLOSE 
77'3 IF ,484995*L0~C -8~l b< ' 3  THEN 976 

ST2 8Z;o Tea 
776 C-1 
t B O  F 2-1 THEN 800 EOT% $33  
800 BRIN ~H$fB<441$ 
Bae  Foe i=* To 
620 Z< I >= a 454295*iQ ( C( P ) )-IHTC *434295*LBI:{ F:< Q 
830 D< I be, 434285*Lo8~ T< IB) 

8% I ! E ~ ' D L ~ ~ R ~ I H ~ ~ T I ~ N  OF ICAIIHC F ~ C T ~ R S  
690 R-@< 1 )/C< Q ) 
86 0 R f = 434293*~OQC R Z 
870 R ~ = ~ H T < R ~  9 
880 H=RS+S+G 
840 R 3 - f  < O >/%$ I r 
BOD R4r. 434295*~0GC R3 > 
910 WSrTNT<R4> 
920 H-RS+P 
940 LOCQVE <40,190,7,97> sao pwang 
960 SC$BLr (0 M t f e  N)  
965 RE% B R ~ N G  b~ SCeLES 

8 3  k81 I=? $8 %o 
990 HOVE < ,434299*LOC< I >+ J, , O5) 
1 0 0 0  IF I110 THEN 1 9 3 0  
1 0 P 0 DRAfd < 43429J+LOG< I P+ 4 ,  OD f o n a  eaPo weso 
8030 FOR K=O TO W STEP , O J  
1 04 0 BLOT < ,43429J*kOG< I )+ J ,  K > 
D SO 9 MejlP 
4 #6$ N E X T  K 
1 079 HOVF ( 434295*L06< 1 >+ d r  H ) 
1 080 DRA J 3 , *34295+LOC< I >+ J, H- , oS> 
8099 SF J-N THEN 9300 
f % F O  HOVE 2: 8 ,  ,134293*6,69;< I >+ 4 > 
I l r O  IF 2-10 THEN 144 
1 c ao smu < 03, +~4~98eLoG(  I )+J ) 1\28 GOTO 1 I f30  

FOR K=B T 3  H BTEP 05 
1 190 PLOT < K, ,434295*&0&.: E ,+ J ) 
l d d O  PEMUP 
4170 H XT K 
t i 8 0  W ~ M E  (H, .134969*L06(9>+J, 
1190 DRAE < M - . O J ,  -43429J*kOG<I>+J> 
19810 NEW1 I 
1 10  H XT J 
t 81 f R ~ M  LkBEL8 
3282 MOVE t 1,3*G -*12B 
1213 PRINT IO* "C~HCEWTRBTION" ,e) 
4214 Hove < - , l + e  - ' 0 2 p  
9213 m l n f  ~ O J ~ B ~ I ~ T $  , ~ J ~ ~ ~ s * L o o ~ c . ~ Q > > >  
1216 HOVE < #9+C,-, r2) 
1217 PRINT # O  08:<1NT< ~ 4 9 4 2 9 5 + b O C C C C B > ~ ~ ~ f )  
9220 novt c- -  Is,, .2a 
4323 LDPR <96> 
1228 PRINT UBI"LTJO,MBURS" 
1226 LBIR 
1227 MOVE < - , I S  O >  
~ P Z O  aen PLOTPIAC OF POINTS c Y SCALE LABELS 
5232 XF T4Y > > 1 0  THEN 1239 
1233 Q9-9 
1235 PRINT 490im1"  
1236 MOVE < -  r $ , l !  
1237 PRINT 4#6 1 0  
1238 GOTO 1241 
(239 PRINT BOs"lOU 

TO THE 





4616 Z2=ZZ+T"P 
4 3 4  Z3=P3+LOC< C 1 > 
4%40 Z4 rZ4+< 1 0 6 4 C f  ) ) "B  
4656 ZS=ZS+T*kOG( GI) 
4669 W-H+l 
4670 GQSUB (9 0 
3686 I F  H I 4  THEM 4900 
4698 COT0 4390 
4700 INPUT "AODITfONf iL  POIHTS TO PLOT BHLVtVES(1 1 W O < 2 )  - , 8 7  
4790 I F  Q7=2 THEN 477 
47220 INPUT *GU < T O  ENB EHPuT 0) M,cf 

P C $ = B  fH N 4778 6528 f x ~ u r  .TIHE . ,v 
47 0 COQUB 4920 
4288 GOT0 4720 
471 0 49-2 9 *ZJbN l >d< 92-< Z 1 >/H t 3 
4980 4% Z1*25-23*Z2 >P< 21 * 2 - N  d *Z2 > 
479 R P I N I * Z S - Z ~ * Z ~ J / ~ < ~ ~ * Z P - Z I * ~ ~ * ~ N ~ * Z ~ - Z ~ ~ ~ > > ~ . S  
4e0Q P R I I ( = ~   LOPE^ JHJ INTERCEPT = I E x ~ t c  ,: CoeREL. CaEFF. = 
Set0 t4.f-8 
4020 GOSUB 499a 
4830 PRINT "TO ChLEULhTE &YERAGE COHCH,,INPUT L150" 
4840 FOR l=B TO 4*  
4850 f NPUT "LTJO , T& I ) 
4860 ZMPUT "HDWINAL CONCENTRATION * , C t  
4845 IF T< 1 )>48 THEN 4972 
487 0 CC H h - C  l *EXP< C 3*< EXPf -H*T< I 3 )-I >/< M * I <  I > > 
4971 QBO 4880 
4172 $( I )--Cl *EXP( C >*( EXP< -48*)1)- 1 3 . 4  4811 ) 
4@73 62=-CI+EYP< C >*< EXP< -H*< 8°C 1 i-48 > >-I  > / 4  Me< T< 1 >-4@ > 
4 U f  4 C< I >I. 5*< C< I )+C1 I 
1880 PRINT 'C":C<IB,'LT50"jT(I> 
4@93 HER7 I 
4900 PRINT CHRM 141 > 
498 0 COT0 205 
4920 NOYE (7-1 C t >  
4930 DRAM < T + I ' c %  ) 
1940 HOVE <T,c$-*oJ*c~ ) wsa owaw tr,cr+.os*et, 
4360 R TURN 
4978 PENUP 

9 O FOR I = 0  TO T I  8TEP ,4 
$930 PLOT i 1, EWB( C >sEXP4 -no1 ) > 
00 NEXT I S 01 8 RETURN 



BTJe$ COXCENIRfiTIOM ...................... 
UG/L MEASURED CICCULATED 
P I I P I I I B B ~ ~ ~ ~ D ~ D ~ I B ~ ~ ~ ~ B ~ ~ ~ ~ ~ S ~ B * : ~ ~ ~ ~ ~ : ~ ~ ~ S ~ - F ~ ~ ~ L ~ . ~ ~ ~ ~  

12+,1$ 2 2 , 4  Pbs4619 
8 1 4 - 6  $?: f 2% ,3a3;86 
402.5  2%1,811% 
39.2 7 0 , 9  
30 , e aa.  s 57,1735 

77,3996 
2 4 , 9  92 ,9  116,529 

I I m I ~ B I B D I P l n B ~ D l l P ~ m ~ ~ ~ ~ . ? % B B ~ 9 8 ~ - i i l m % S ~ m ~ E P L L e ~ J r J ~ m a ~  

*CZ*sl*ltLlr01tOS91$**b$$t*8****** 
THRESHOLD IS 21 ,5171 



Lsthaliky c u r v e  program per HP 2 9 C .  Documaneatisn 
__-------------*---------------------------------- 

lnibirl qtaLua of the erlculrto~r 
Rag~s&er 0 C R 0 % - % 6  Z a d d ~ r r r  of the PIPS% indirect skorsgr r e g  
Register B < RB h l 6  Peontrol value l 
V-rrg%rtrr a Q L ~ s t  LTJQ v a l u e  
X-regtrter =C%rrt CU value .................................................. -- 

0 1 LBL 0 Data Entry Routxnm 
lllBIIIIIllDPIIIlllBrle9m=BE-=mmm~=iBI*IBIZ+( 

0 2 f b x  Reciprocal o$ CU, currantly,xn.W-~aqirt.r 
63 B"P i @$ore 1 C  s n  816 ,  Lha Pirrt ~ndsrcct 

87% a 
182 
RYH 

rtorrgr re Bstrr OP-HP-ZPC 
I n s r e s e n t  fwdlrart steprgr re i t t a r  by I 
E x c h r n g t  t h e  conks~$o e f  %hat 8- and Y- 
rrgistrrs kT58 i s  now an C R e  K-regrstar 
onvsrt to -LTSO 

&oaa -L SO in R17 
Inereaenl andarect storage register Index 
Reburn 6s LBLO* The calcula%or Is ared to 
acca t ano%h#r anr s f  values (LTSO ~ 8 > *  AFTER COHPLEBIO~ OF TEST OAT& ENTRY: VWE 
ZNBXRECT STORAGE REGISTERS CONTAPNf 

R86 0,$333 < t / 3 0 )  
R 1 1  -d 
RnB 8 ; k  ( 1 6 5 )  
R 1 9  -L.$ 
R20 2-0 CIP@,S> war  -3-3 
R2P 4 , O  <4*8,25?i 
RP3 -4,2 

THE RECfSlEWS R24 - R29  +WE AVAILhBLE FOR 
RDOWTIONAL VALUES <HP 2% CRN ACCEPT A TBP&L 
OF 7 PAIRS)  

LBLt StetistfcrB Suaaaticn Drzvep  
I l l m = E l l l B B I I ~ P O I I ~ ~ P B I % d 9 5 * $ B ~ % P F B ~ ~ 4 8 m ~ ~ m ~ ~ m i Q 1  

CLEAR 8 Clear GR. "r~rtisLicol ragistors" R , O  - W,S ,  
The sLaLPstier1 rogas&rrr o f  HP 19C s t o r e  
sums usad I n  s t r t i s t i c r B  calcu%atiowsr 

R , O  n <nunbar s f  endrlts) 
R,B S P w )  
R , 2  49xA2> 
R , 3  m y %  
R , 4  B<yA2) 

8 i s!i:a BR'@*Y~U> stands POP s u e  
x , y  ace %ha current contents o f  X- and Y -  
~ a g i s ~ a r s ,  rerpoetzvaly, 
S + Csdgaa + ) "  psrfsres LRP addsttan 4 see 22 > 

~ S Z  Deerease %he aws~ract r&o ro  P CC~%P$QP index 
LO Lha value or the last @nary  i n  LBLO 

Q882 Call &ha LBL3 
R 9"N R ~ t u r n  $0 LBLO, Calculatxen as esmpletrd, 
h B L 2  Scatratical Summatron 4ouenne 
I I B B 1 ~ 8 D l ~ ~ I I P I l l I B ~ 3 1 P ~ ~ ~ ~ Q 9 : ~ S ~ I B ~ ~ S ~ ~ i g D ~ ~  



D8Z 
R t i .  0 
RCL B 

C40 2 
6%8 3 
R T N  

Calcufrta -KS*tTSD 
Calculrta EX$<-K3*&TSB>. PHIS IS " Y U  FOR 
THE SUBSEQUENT REGWESSTDN<khe drpsndenl v a r  
B ~ c ~ r r r e  fnddrec& s%oPrae pasirtar index 
Rae.81 CU eorroseondin - d o  $5. eurrrne 
L839, THIS IS '# FOR ?HE SUBSEPUENI 
REGR&SSION<the i n d r  rndrnt va~iabfa) 
C r t a a r  + > PrrQcrm sgak is t  i s r l  suanr& ion 
on ehr contents s C  X- and Y -  ragistars 
i" CB?B and EXPt' -K;Z*LTSCItr seospace 8va P y 3 
Drcrrosa indirec% r t o r r  r r%gis%ep index 
Recall index into eRe X-re i s $ a ~  
nacai1 the *gontrol ua lyeW 46 Pnro tne 
X-re a s k e r ,  ! h i ?  operakaon Irfls.%he stack, 
so $#at the aodzprcE reorage rag8sLsr index 
is wow i n  $ha V-rrpbstrr 
CaBculatr the dlFCa~ence; 
Indipact s t o p r  Q P C ~ ~ P ~ F P  index - $6, 
place i t  inko !!he X-ragxster 
f thr d~ffaronra is positive, not 3 1 1  data 

hrua bean usad as y e t .  EXECUTE STEP 263 
I 4  khr daffarencc i s  O ,  a11 data have been 
used. BYPASS STEP 28 
Bkrr& 4 .in LBL2 
cai n beta 
Lee2 i s  corn letad 
UZTH THE T E ~  DATA; 

LTS 0 CLd; 

Z4U$i.IIOPI IS 
UHERE 

L8L.3 Regression r o u t i n e  
Ill=l-lmlllll=DlllPIIIBB=81mIsa$sl&iiJRImmgLreEamar*1mIB95CimmB1msmammm 

RCL a 1 84 x )  
x"0  r iS (x )9"2  
RCL, O n 

k d i  P;S<XP)*2Pf7 
-9 S t  x ) > ^ 2 / n  

RCL*2 1% Z'i i  :-cs<, > ,*a/, 
:TO 1 DencntnaLo~ 04 fi and 8 ,  skoro i n  R I  
x a 2  
R C L .  0 ~ " r  

i d s  Z S < y ) > ^ 2 d n  6: f433 ; >A2/n 
R C b  - 4  + S t y  a % - C S < y ) > A 2 / 0  
ST0 2 Natdcd C o r  F ,  store i n  R2  
RCL , B 8c; x ) 
8 6 % '  3 
iiJ 

s t y >  sc % >$is< pb > 
RCL C w 

666 8< x rsS$ y )/n 
- S i  x >*B< y rPn 

RCL ,S 8< x*y  > 
.b 8Q x*y )-St x >*S< y Bbn 
ST0 3 Nuatrator o f  9, store 8~ R3 

S t y  i RGL,4 scr"2l WCL, 2 
S t y  >*a< x "  2, 

RCL , I S < X >  
RCL, 5 8Q x*p, * - Sf x )as< x f  > 

S( y >*s< x 5 )-S< x >*St x*y ? 
REL, 0 n 
, / *  lSB y S*SC x * 1  >-St x B*8C x * y  >lPn 

R C L  9 &< r"2 > - 4  S c  x > 9"2Bn 
8 1 Q , d , 3  Davzdz the contents o E  WS b y  %ha ecn&rntr 

e C  ehs X-krgfrter rod store $ha result 
in RS; R 3  nou contaxns B 

.b cS(y>*9<~-2>"S(x>*9cx*y>$/ 
Bn*tS< x " 2  4-< 5< x  > >*28w3 

THIS % q  BZ 
8TO 4 store a t  an  R4 

L8L.3 Regression r o u t i n e  
Ill=l-lmlllll=DlllPIIIBB=81mIsa$sl&iiJRImmgLreEamar*1mIB95CimmB1msmammm 

RCL a 1 84 x )  
x"0  r iS (x )9"2  
RCL, O n 

k d i  P;S<XP)*2Pf7 

RCL . 2  

:TO 1 DencntnaLo~ 04 fi and 8, skoro i n  R I  
RCL , 3 8C 3 
x a 2  
R C L .  0 

<SYy>?"2  
B"r 

i d s  Z S< gP ) > ^ 2 d n  6: f433 ; >A2/n 
R C b  - 4  + S t y A 2 % - C S < y ) > * 2 / o  
ST0 2 Natdcd C o r  F ,  store i n  R2  
RCL , B 8c; x ) 
8 6 % '  3 
I :I:!*,#,, , 

RCL ,S 

i$r 

RCL, I 
RCL ,5  * 

S< x rsS$ y )/n 
- S i  x >*B< y rPn 
8< x*y  > 
8Q x*y )-St x >*S< y Bbn 
Nuaerator of 9 ,  store 8~ R3 sar .I 
sc r"2  l 
S t y  >*a< x "  2, 
S < X >  

, / *  l SB y S*SC x  *1 >-St x B*8C x * y  >lPn 
R C L  9 &< r " 2  > - 4  S c  x > 9"2Bn 
8 1 Q , d , 3  Davzdz the contents o E  WS b y  %ha ecn&rntr 

e C  ehs X-krgfrter rod store $ha result 
An as:  ma-nou contaxns B 

2>"S(x>*9Cxay > $ /  
S<x "24 -<5<x>>*2 /w3  

an  R4 



R b k  d 83 
i$i H-re i r t a r  now contains Lha ca~relskian 

coeeale isnt  t- 
RTH RegrrrsLsn crlculrtisns are coapleted 
tee9 Evolur&lon routine 
l l P I l l P I l l l l l l l s a P I ~ s m ~ m r B j l E m D I Z F . ~ P j l i i ( ~ b ~ % - E I ~ ~ E I ~ ~ ~ m % - m ~  

ChLCULATOR STfiTUS: 
R 9  = Kl 
H* ., ij 
X-REGISTER 1 CU 

1" e t ~ e u  
99 
Cjr 0 Q 

8: C HO X-reg%sCar nau ronkosns calculated 
8 7 RPH C~BcuDatien is cseelcLad 
89********++****+*****s$**~*i~1******e1**i***********~**** 
F s r s t  step an the colculatieo i s  $0 esdirr&a K2, 
A good KP value yields a eorrrlrkies cnrfficltnt <-0*9 
t h a  absolute volua o f  B i s  uruellv r t  moxiaua. 
KEY STROKES8 
16 ST0 Oi &TO 8 KP ST0 9 EanitiaPlzrtion3 
K t .  i n  LTSDj B H ~ E R ~  KP i n  CMj GSB CI I repeak wb&h each 
~ 8 6 r  Errgkassion i s  caYculatrd, ro~krlation core f zcir~L 

dirplo adi A is stored i n  W I  B in R J ,  
TO REPEhT THE CALCULATION U l l H  R H&U VALUE O F  K2: h~ dhr new value eC K 2  

bT5d 

I * + + * + *  

rind 

~ $ 8  r 
"I" CCALCU' ATE LTSO FROM Ck;ol 
Ke i n  
ST$ 9 

g;g i n  f i b  

i n  81 

l P h e  abovr  nerdad only @hen athrr t h a n  &he c u r r a n t  K2,A, and B 
valuer are  u r r d 3  

GSB 9 
* ~ ~ * * * * * * + * ~ * ~ ~ * * + * ~ ~ $ ~ r n ~ ~ r n ~ ~ e ~ g $ r $ ~ i b r l r o ~ a ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ + e ~ ~ +  
bBI3 is a genera l  rrgr.rs8on ca%cufr$ion and ma be used 
COP other urparss as wall, Just rake ca~$arn $gat % R e  
stat bsticrf registaro csnbrin t h e  dsrirrd valuer and depress 
0883 


