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U M CLWSSIFII 

ABSTRACT 

1- 

This repor t  summarizes t h e  apparent  hematological changes i n  10 
L- 

individuals ,  exposed t o  total-body gama r ad ia t ion  in near  to le rance  

amounte, over a per iod of four and one-half years .  Two con t ro i  groups, 

i n  addi t ion  t o  the  exposed group, were used for comparative purposes. 

w”J p- .n - - . - . * - -L  ,.A- 

Control g roup  I received e s s e n t i a l l y  no g& %’ 
o r  beta r ad ia t ion .  Con- 

trol group I1 received exposures a t  least a f a c t o r  of 10 below those 

of the  exposed group. The average t o t a l  leukocyte count, absolute  

neut rophi l  value,  and absolu te  lymphocyte value,  were de temined  fcr 

each individual  and f o r  a l l  groups. Analysis of data ind ica tee  a sig- 

n i f i c a n t  depression of t h e  absolu te  lymphocyte value. of ‘ t h e  exposed 

group as compared with those of the  c o n t r o l  groups. , 

. 
‘ I  

L 

I 

. . .. - .  DOEIHQ 



. .  

I '  

. I  
CONTENTS 

. I  

Abstract  . . . . . . . . . . . . . . . . . . . . . 
1. Tntrcduction . . . . . . . . . . . . . . . . . . 
2. Indiv idua ls  Studied . . . . . . . . . . . . . . _. . . i 

2.1 Exposed Group . . . . . . . . . . . . . . . 1 
. 2.2 C o n t r o l  Groups . . . . . . . . . . . . . . . . f 

3 .  Col lec t ion  of Ddta . ; . . . . . . . . . . , . . . t 

4 .  Method. of S t a t i s t i c a l  Analysis of Data . . . . . . . . . . 7 

5. Experimental Resul ts  . . . . . . . . . . . . . . . . 8 

6. Discussion . . . . . . . . . . . . . . . . . . . 9 

7. Summery .  . . . . . . . . . . . . . . . . . . . 1 2  

8 .  References . . . . . . . . . . . . . . . . . . . 13 

T.4BLES 

Table 1. C a m  ExpoEure of Exposed Group i n  Roentgens . . . . . . 14 

Table 2. Sumnary of Hematological Data of Exposed Group . . . . . 15 

Table 3 .  Summary of Hematological Data for Control Groups . . . . 17 

Table 4 .  S ign i f i ca rce  of Differences Between Values Within t h e  
Control Groups and Within Expceed Groups . . . . . . . 18 

Table 5 .  Signi f icance  of Difference Between Exposed Group and 
Control Group Means for  Each Period . . . . 6 . . . . 19 

Table 6. Signif icance of Lpphocyte  Depreesion i n  Exposed Group 
(Or. t h e  Basis of F.egression Coef f i c i en t s )  . . . . . ,- . 20 

-3 - 



FURTHER STUDY OF REMATOLOGICAL CHANCES IN HUMANS 
CHRONICALLY ~ O S E D  TO LOW LEVEL GAMMA RADIATION 

1. Introduct ion 

.‘ 
A previous report’ covered in d e t a i l  the  hematological changes observed 

i n  10 indiv idua ls  chronica l ly  expoecd t o  low l e v e l  gama r ad ia t ion  for a 

period of th ree  yeare a t  t h e  Loa Alaaios S c i e n t i f i c  I sbomtory .  

publ ica t ion  of t h e  o r i g i n a l  r epor t ,  data have been co l lec ted  on t h e  68me 

Since t h e  

ind iv idua ls  for a n  add i t iona l  18 months. Thie r epor t  covere t h e  a d d i t i o n a l  

data and summarizes the  observatione during t h e  e n t i r e  fou r  and a balf yeare 

of the  etudy. 

For the purpose of ana lye ie ,  t he  t o t a l  body etudy per iod of 54 months 

has been divided into six coneecutive per iods of nine months each, designated 
. $  

as Periods I through n, respec t ive ly .  ~arious time in t e rva l s  L.uing the 54 

.i months w i l l  be referred t o  by t h e i r  appropr ia te  period designation. The 9 
months include t h e  time between December 1946 and June 1951. The i n i t i a l  

1 r epor t  gave t h e  observat ions for  Periods I through I V .  

The composition of t h e  group of individuale  exposed t o  the  ion iz ing  

r ad ia t ions  and of the  groups ee l ec t ed  for con t ro l  purposes has remained 

e s e e n t i a l l y  the same as repor ted  previously.  

methode of data c o l l e c t i o n  and a n a l y s i s  changed eomewhat in Periods V and VI 

These v a r i a t i o n s  i n  experimental  method are covered below. 

1 
Conditione of exposure and 

2. Indiv idue le  Studied 

4 

2.1 Exposed Groue 

Ten ind iv idua ls  were ee lec t ed  for s tudy  s ince  t h e i r  work included 
U ’. 

exposure t o  t o t a l  body gamm~i r a d i a t i o n  in r e l a t i v e l y  large amounts. These 1 
\ 
W Individuals  hendled rad ioac t ive  substances,  bo th  bet& and gamma emitters. 



.. . .  

The gamma ray spectrum was conpidered t o  be approximately that of radium. 

During Period V, one of the  10 indiv idua ls  l e f t  the  employ of t he  Los Alarnoc 

S c i e n t i f i c  Laboratory. Another individual  received only one blood count 

during Period V I .  

I t o  Per iod V were ava i l ab le ,  only e i g h t  of the  o r i g i n a l  group were s tudied  

Hence, while the  da t a  on a l l  10 individuhls  from Period 

f o r  Per iod.  V I .  

Per iodic  physical  examination of t h e  10 indiv idua ls  has indicated that 

t h e i r  general  hea l th  is good. An average weight ga in  of f i v e  pound8 has beet 

noted in the group during the  fou r  and a half years  of s tudy.  

incidence of upper r e sp i r a t c ry  infect!on or o the r  minor i l l n e s s e s  has been 

No unusual 

noted. 

2.2 Control Croups 

. a  Both of the  cont ro l  groups o r i g i n a l l y  se l ec t ed  fa r  t h i s  study were used 

. 

.. 
I 

1 O b 7  I 2 3  

f o r  Periods V and V I .  

no exposure t o  be ta  or g a m  r ad ia t ion ,  o r i g i n a l l y  included 46 Individuals .  

Control group I, cons i s t ing  of males whose work invo3.vt 

Cer ta in  membere of t h i s  group l e f t  the  employ of  t he  Los Alamos Ltlboratory 

during Periods V and VI, and by Period V I  t h e  'size of ' t h e  group was reduced 

t o  21 Individuals .  

t h e  la ter  por t ion  of the  study, and t h e i r  exposure under the  new working con- 

d i t i o n s  included be ta  and gamma r ad ia t ion .  

however, a t  least a f a c t o r  of '10 below that of the personnel of t h e  exposed 

group; t he re fo re ,  these  men were not  dropped from t h e  con t ro l  group. 

physical  examinations have ind ica ted  tha t  t h e  genera l  h e a l t h  of t h e  con t ro l  

Several  members of t h i s  group were assigned new work dur in  

The average l e v e l  of exposure was, 

Per iodic  

group r e m i n e d  good. 

The "random" Control group 11, added t o  the s tudy  during Period I V Y  

o r i g i n a l l y  cons is ted  of 46 males whose hematology records w e r e  s e l ec t ed  a t  

random from genera l  f i l es  i n  t he  hematology,section. No considerat ion was 

- 5 -  
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given the  exposure the  individuals  received.  While numerous memberc of the  

group received both be ta  and gamma exposure, a l l  exposure levels were a8 le 

a f a c t o r  of 10 below those encountered i n  the  exposed group. 

d iv idua ls  l e f t  t he  p ro jec t ,  t he  number of individuals  i n  Control group 11 

had dropped t o  30 by Period V I .  

Because erne 

No individuals  were added t o  e i t h e r  control  group during t h e  time 

period covered i n  t h i s  r epor t ,  s ince  s u f f i c i e n t  blood counts had been done 

on the  remaining ind iv idua ls  t o  g ive  e s a t i s f a c t o r y  sample of normal to ta l  

white blood counts,  abso lu te  neut rophi l ,  and absolu te  lymphocyte, l e v e l s  for 

t he  Lo8 A h r 1 0 6  area. As  mentioned i n  t h e  previous r epor t ,  a l l  con t ro l  in -  

div idua ls  had resided a t  t h e  a l t i t u d e  of Loa Alamos f o r  as long as t h e  expoet 

ind iv idua ls  and enjoyed genera l ly  comparable working condi t ions.  

. L  3.  Col lec t ion  of Data 

A l l  blood counts were done between 8 a.m. and 10 a . m .  The eame technl- 

ciane who did t h e  countlng i n  previous per iods continued t o  do so i n  Periods 

V and V I .  Capi l la ry  blood was ueed, and p i p e t t e s  c a l i b r a t e d  by t h e  Nat ional  

Bureau of Standards were employed. One p i p e t t e  and one side of t h e  etandard 

counting chamber were employed for each count.  D i f f e r e n t i a l  counts n o h a l l y  

Included 100 ce l l s  bu t  occasional ly  200 were observed. 

through IV, a l l  ind iv idua ls  in both t h e  exposed and con t ro l  groups received 

t h e i r  blood counts a t  a c e n t r a l  l abora tory .  

. .  

During Periods I 

During Periods V and V I ,  hovever, 

t h e  exposed group and seve ra l  membere of t h e  con t ro l  groupe received blood 

counts a t  t h e i r  p laces  of work. 

Members of t h e  exposed group, as w e l l  as thoee members of t h e  c o n t r o l  

groups rece iv ing  inc iden ta l  r a d i a t i o n  exposure, were monitored with body film 

badges and pocket Ioniza t ion  chambers. Film badge estimates of doet art ueed 

1 
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throughout t h i s  r e p o r t .  Excellent agreement vas observed between the  

f i lm badge and ion iza t ion  cbmber  values .  

During Period V ,  the  general  level of exposure of the  expoeed group 

wae e e s e n t i a l l y  t h e  eame a0 it had been during Periods I11 and I V .  

Per iod V I ,  however, I t  wa6 possible  t o  reduce the  exposure of near ly  a l l  

expoeed group indiv idua ls  t o  l e v e l s  compamble t o  thoee received by member8 

or t h e  con t ro l  groups mentioned above. I n  view of the  observed decreaee 

i n  absolu te  lymphocytes i n  member6 of t h e  exposed group during Periods I 

through I V ,  t h i s  change i n  exposure level was viewed with great in t e rne t  

by the  Inves t iga to r s .  

duals  would no longer receive r e l a t i v e l y  l a r g e  r ad ia t ion  dosee, t he  op- 

por tuni ty  e x i s t e d  t o  determine whether t h e  absclute lymphocyte valuee of 

During 

With the  prospect t h a t  t he  major!ty of the  ind iv i -  

theee ind iv idua ls  would r e t u r n  t o  con t ro l  l e v e l s .  The demonstration of .. 
such a r e t u r u  t o  normal l e v e l s  would s t rengthen  the  pos tu la te  that t h e  

1 obeerved lymphopenia w a s  radiat ion-induced.  P e r s i s t e n t  lymphopenia would 

make t he  pos tu l a t e  l e s s  tenable .  

4.  Method of S t a t i s t i c a l  Analysis  of Data 

The average t o t a l  whfte blood c e l l  count,  abso lu te  neutrophi l  value, 

and absolu te  lym’phocyte value,  were detennined f o r  each individual  for each 

expoeun period? 

ca l cu la t ed  us ing  the  mean f i g u r e s  f o r  each individual  in t h e  moup. 

t he  period-group averages repor ted  cone i s t  of t h e  average of t h e  determina- 

t i one  in 8 t o  10 individuale  i n  t h e  case of t h e  exposed group and of 21 t o  46 

indiv idua ls  i n  t h e  con t ro l  groups. The s ign i f i cance  of t h e  d l t fe rvnce  of the 

mean values f o r  con t ro l  and exposed groups are expreseed In t h i 8  report in 

he mean of the above values  f o r  each group was then Y 
P 

‘L; 
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In addi t ion  t o  comparing the  con t ro l  and expoeed groups, an analyeia  

was.made of the  var ia t lone  i n  abeoiute  lymphocyte valuee for membere of t h e  

. .  expoeed group. A least equaree l i n e ,  each poin t  veighted d i r e c t l y  ae  t h e  nt 

ber  of obeem8tione and inverse ly  ae t h e  var iance of t h e  obeervatione about 

t h e i r  mean, was f i t t e d  t o  t h e  mean absolu te  lymphocyte valuee for each ia- 

div idua l  over t he  e i x  per iode.  The regreeeion c o e f f i c i e n t  of t h i e  l i n e  ex- 

p n e e e d  the  absolute  number of lymphocytes l o s t  or gain& per nine-month 

period over the  e n t i r e  dura t ion  of t h e  s tudy .  

these  regression c o e f f i c i e n t s  wae determined and l e  expreeeed in terms of 

its "t" value.  The average regress ion  c o e f f i c i e n t  for sll 10 lndividuale  

The e igni f icance  of each of 

was determined, and t h e  hypotheeie that t h l e  average regreesion coe f f i c i en t  

d i f f e r e d  s i g n i f i c a n t l y  from zero was t e a t e d  i n  t h e  following mapner. Where 

. bi l e  t he  regress ion  Coeff ic ien t  f o r  any one individual  and bo is the average 

the  square of the  etandard devia te ,  e 2 , is given by 

.. 
regress ion  coe f f i c i en t  for  a l l  ind iv idua ls  in t h e  expoeed group, t he  8um of 

' 

' .\ 

and "Student 's".  t -va lue  is given by 

I n  t h e  case of individuale  1 and 6, who l e f t  t h e  p r o j e c t  in Period V, 

t h e  regreeelon c o e f f i c i e n t  i e  baaed on t h e  values for Perlode I through V only. 

5 .  Experimental Reeulte 

Table 1 gives  the  t o t a l  and average expoaure f o r  a l l  10 lndividuale  in  

t h e  expoeed group for Periods I through VI. The mean t o t a l  white count, t he  

abeolute  lymphocyte value,  and the  absolu te  neut rophi l  value; f o r  each ind i -  

vidual  i n  t h e  exposed group and f o r  t h e  group a8 a whole ore given i n  Table 2 
I 

f o r  a l l  s i x  periods,  t oge the r  with t h e  number of counts each amn had i n  each 

4- 



per iod .  Average values f o r  the  con t ro l  groups f o r  a l l  s i x  periods a r e  

given in Table 3 .  The Eignificance of the  d i f fe rences  between values 

f o r  t he  various periods within the  con t ro l  groups and exposed groups 

themselves a re  given i n  Table 4.  

between mean6 of t h e  exposed group arrd the  con t ro l  group f o r  each per iod 

is tabula ted  i n  Table 5 .  Data on the  regress ion  coe f f i c i en t s  of least 

squares lines of f i t  t o  t h e  absolu te  lymphocyte values f o r  each man i n  

t he  exposed group a r e  presented i n  Table 6. 

The s igni f icance  of t h e  differences 

As was t he  case I n  t he  ana lys i s  of da t a  on Periods I through IV pre-  

sen ted  i n  the  o r i g i n a l  repor t ,  it is  seen that s i g n i f i c a n t  r e s u l t s  occur 

only in t h e  lymphocyte values for t h e  exposed ind iv idua ls  and t h e i r  de- 

press ion  below the  absolu te  lymphocyte values for t he  con t ro l  groups. 

The s ign i f i cance  of t he  depression of lymphocyte values w i t h i n , t h e  ex- 

posed group from Period I t o  Per iod V I  carries a p robab i l i t y  of less than 

', 

1 p e r  cen t  that i t  is due t o  chance alone.  

6 .  Discussion 

The percentage of lymphocytes found in h t h  cont ro l  group over the a i r  

study per iods (average 29.3 p e r  cent ,  range 27.9 - 30.7 p e r  c e n t )  is lower 

than t h e  values  previously reported f o r  ind iv idua ls  residifig a t  5000 - 8000 
f t  a l t i t u d e s .  

d i f f e r e n t i a l  counts on young a d u l t s  a t  5755 f t  (Butte ,  Montana),2 and 

Peterson found ,an cverage of  36.26 per cen t  lymphocytes In 

Stammere repor ted  an average of 36.8 per cen t  In 171 young a d u l t s  a t  5750 

f t  (Johannesburg, South Af r i ca )  . 3  Ruppanner found 38.25 p e r  cen t  I n  8 men 

r e s id ing  a t  5741 f t  and 36.6 per  cent  i n  12 men residing a t  7382 f t  in t h e  

Swiss a lps .4  Peterson suggested that the  h igher  u l t r a v i o l e t  content  of 8un- 

l i g h t  a t  t hese  a l t i t u d e s  might be responsible  f o r  t he  lymphocyto8is, t n d  
I 

-9 - - 



Stammers pointed out  that  the  Johannesburg a rea  received an average of 73 

per  cent  of the  t o t a l  annual ava i l ab le  sun l igh t .  The Los Alamos a rea  has 

an equal ly  favorable  c l imate ,  y e t  a t  the  Lo8 Alamos e leva t ion ,  7200 f t ,  no . .  

lymphocytosis was seen. 

Nor was the  percentege cflymphmytes 

that noted by Osgood i n  s tud ie s  of normal 

although our findingp agree wel l  with the  

found i n  the present etudy as high 

young a d u l t s  near sea l eve l ,  5,b 

valuee reported by Wintrobe.7 It 

is poss ib le  that t echn ica l  d i f fe rences  between labora tor le8  may account for 

some of the  d i f fe rences  noted. 

The values for t h e  t o t a l  whlte blood c e l l  count i n  t h i s  s tudy are 

s l i g h t l y  lower than those reported by Osgood, Ruppanner, and Peterson, bu t  

t he  d i f fe rences  seen a r e  not  s t a t i s t i c a l l y  s i g n i f i c a n t .  

, Chamberlain has pointed out  t he  tendency of physicians t o  repeat  blood 
., 

counts on ind iv idua ls  when abnormal valuee are found, thua b ias ing  the data 

i n  favor  of high or low values with ind iv idua ls  showing t rans i tory  or  per- 

s i s t e n t  abnormal white c e l l  levels .8  He bas pointed o u t  t h a t  t h i s  may be a 

l eg i t ima te  c r i t i c i s m  of &owlton's etudy of leukopenia and lymphopenia in 

individuals  exposed t o  g a m  rad ia t ion  over many months.g We feel confident 

that no 8uch bias ha8 appeared in the data co l l ec t ed  on t h e  member6 of t h e  

exposed group i n  t h i s  study. A t  no t i m e  was t h e  counting schedule of t h e  

exposed group a l t e r e d  during t h e  course of t h e  etudy because of abnom1 

values as t h e  counting frequency was h Q h  enough t o  make epec la l  repeat. de- 

t ennina t lons  unneceseary i n  t h e  revleving physiclane'  opinion. 

The absence of repeat counts was not  t r u e  l n ' t h e  case of the  contml 

groups, however, i n  which the re  was a l ow counting frequency. When an ab- 

normal v h i t e  ce l l  count was found, 8 repeat determination was usua l ly  mde 

in a matter 'of clays after t h e  original count.  
\ 

Since in the m j o r i t y  of 

\ ' -10- 
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ins tances ,  the  repeat  detennlnat ion was made because the  o r ig ina l  value found 

YBB below 4000 c e l l s ,  values of the  t o t a l  white c e l l  count f o r  cont ro l  groups 

may be s l i g h t l y  lower than they  t r u l y  should be. 

d i f fe rences  betweer our  con t ro l  white c e l l  count values and t h e  values given 

This may account for t h e  

by o ther  tiuthors noted above. 

remove repea t  count8 from t h e  con t ro l  group dsta, f o r  w e  feel tha t  t h e  e f f e c t  

of such adJustrnent of t he  data would be s l i g h t ,  and would tend t o  increase 

r a t h e r  than decrease the  s ign i f i cance  of t h e  d i f fe rences  between cont ro l  and 

No at tempt  has been -de a t  t h i e  w r i t i n g  t o  

expoeed group means. 

The s i x  time periode used in t h i s  etudy should have minimized any e f f e c t  

vhich seasonal  blood count ‘var ia t ions would have on the  changes seen. Each 

t h e  period of nine months included t h r e e  of the  fou r  annual eeasons, t h e  

three included varying v i t h i n  any consecutive group of four  periode. 

da ta ,  no e i g n i f i c a n t  d i f f e rences  between t h e  determinations made on con t ro l  

groupe appeared between any periods. 

white c e l l  count of t h e  exposed group vhich might be explained on the  bae ie  

of poss ib le  seasonal  v a r i a t i o n s .  

total white c e l l  count n p o r t e d  by Chamberlain, who found lower t o t a l  white 

ce l l  values i n  t h e  s u m ~ b ~ r  months. 

In our 

Nor d i d  any change appear in the t o t a l  

Thia is cont rary  t o  the  changes in t h e  

a 

The l a rge  number of reports deal ing  v i t h  hematological observations in 

humane chronica l ly  exposed t o  low i n t e n s i t y  ion iz ing  r ad ia t ions  a t t e e t e  the 

genera l  i n t e r e s t  In t h i e  eubjec t .  a-17 In general ,  t h e  most cons i s t en t  f i nd ing  

reported hae been a grenulocytopenia. Opinion is divided on whether or not  

lymphocytes are decreased o r  increased with doses near preeent  to le rence  l eve le .  

With r e l a t i v e l y  l a rge  continued exposun ,  lymphopenia is evident,” and i n  

the most complete data given on chronic  l o w  l e v e l  exposures t o  date, lymphopenia 

vas also t h e  most s t r i k i n g  r ind ing  i n  c e r t a i n  cases..’* In h i e  ana lys i s  of t h e  

I Ob? i 29 
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da ta  co l l ec t ed  j n  AEC l abora to r l ee  in t h i s  country,  Moshunnl6 s t a t e d  that 

granulocytopenia appeared t o  be t h e  most cons i s t en t  I ind ing  In  pereonnel 

exposed t o  ion iz ing  r ad ia t ion ,  bu t  he also  noted a general  downward t rend  

In t h e  t o t a l  white c e l l  count and t h e  lymphocyte values in c e r t a i n  txpoeure 

groups. Chamberlain has concluded t h a t  decreaee In t h e  c i r c u l a t i n g  lympho- 

cytes is the  only s i g n i f i c a n t  f ind ing  i n  personnel expoeed t o  s l i g h t l y  more 

gamma r ad ia t ion  than was received by t h e  Individuals  i n  t h i s  study.' Hie 

group included individuals  with poss ib l e  In t e rna l  as well as ex te rna l  r a d l a t l (  

Since the o r i g i n a l  r epor t  of the  present  study' t h e  mean lymphocyte 

value for t he  group has continued t o  decrease.  In t h e  ana lye i s  of  t h e  f iwt  

four  periods,  t he  average abso lu te  lymphocyte loss p e r  ind iv idua l  per period 

was 94 cel ls .  

periods now ava i l ab le ,  t he  average loss is 66 cel ls  pe r  period. 

crease in t h e  l a s t  two per iods was not  as l a rge  CIS would have been a n t i c i p a t e d  

In the  present  a n a l y s i s  including t h e  data from t h e  e n t i r e  s i x  

Thus t h e  de. 
, 

on t h e  basis of the changee seen In t h e  first repor t .  This tendency of t h e  

absolu te  lymphocyte va lues to  l e v e l  o f f ,  r a t h e r  than  t o  continue i t s  rate of 

decrease, i s  encouraging, especially In view of the  marked reduct ion I n  t h e  

exposure of t h e  individuals  during Per iod  VI. 

No s i g n i f i c a n t  v a r i a t i o n s  In  t h e  h e m t o l o g i c a l  observat ions made;other 

than  t h e  lymphocyte change, has been noted t o  da te .  No change In  working 

condi t ions,  o the r  than t h e  marked reduct ion  in exposure, has occurred. 

t h e  au thors '  opinion, t h e  p o e s i b l l l t y  of i n t e r n a l  hazard has remained s l i g h t .  

In 

No o the r  known t o x i c  agente were encountered In  t h e  working e n v 1 r o m n t . o f  t h e  

Individuals  s tud ied .  

7 .  Summarv 

Hematological changes obeerved In  10 individual8 chronica l ly  exposed 
. .  
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t o  low-level Ramma r ad ia t ion  over a per iod of 4-1/2 years have been l imi t ed  

t o  a n  apparent p e r s i s t e n t  lymphopenia. The average exposure of each ind i -  

vidual  over t h i s  period of time has been I46 mr/wk. No f a c t o r  in t he  work- 

ing condi t ions of these  individuals  o the r  than t h e  i o k i n g  rad ia t ion  ex- 

posure has been discovered which could account for t he  a p p r e n t  hematological 

changes eeen. 
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TABLE 3 

SUMMARY OF HEKATOLOGICAL DATA FOR CONTROL mows 

PERIODS I-VI 

Period UBC Neutrophile Lymphocytes 

I 

I* 

TI 

111 

IV 

IV* 

v 
V* 

VI 

VI* 

7009 - + 248* 

7654 2 391 

6790 2 250 

6865 - + 263 

6844 - + 327 

7053 2 267 

6741 - + 300 

7500 2 332 

6591 - + 362 

7434 - + 287 

4164 - + 206 

4648 - + 293 

4079 - + 204 

4001 + 212 - 
3994 2 230 

4045 2 220 

4223 - + 245 

427 - + 215 

4079 - + 236 

h3&) - + 198 

1983 + 66 

2133 - + 108 

- 

.1927 2 72 

2026 + n - 
2042 - + 87 

2049 - t 96 
2068 - + 112 

2175 + loo 

1952 - + 127 

2264 - + 112 

- 

* Denotes random con t ro l  group. 

* Denotes s t anda rd  error of the mean. 



LI 
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TABLE 5 

SIGNIFICANCE OF DIFFERENCE BETKEEN EXPOSED GROUP AND 
CONTROL GROUP MEANS FOR EACH PERIOD 

. W.B .C. Neutrophile Lymphocyte Periods 

prob** t prob. t prok Exposed Control 4f t 

I I - 54 1.38 208 1-32 2cq6 -59 >50 

11 I1 44 011 >5* 051 50% 

111 I11 54 -39 >5* -9 354 
IV IV 44 .42 >SO$ 1.37 2oqb 2.70 il) 

> V V 37 .87 4 6  .88 ' 40% 2.00 <1g 

\ 

2.22 41 

2-57 2: 
\ 

5 

VI V I  27 1.48 15% 2.26 391 

.10 >;50$ =rl 5ok 1.13 25% . .  I I* 46 
I IV I v* 54 

.ll * ,5096' 1 -7-7 I 458 
2.31 35 

47 -35 >50$ -05 50% 3-27 a46 V V* 

VI VI* .87 4 6 .  3.56 <I$ I 
-66 >50% 

.- 
36 

* Denote8 "random" control group used for comparieon. 
++ Probability that difference observed l e  due to chance alone. 

I 
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TABLE 6 

S I G N I F I C A N C E  OF LYMPHOCYTE DEPRESSION IN ExposED GROUP 

(ON TRE BASIS O F  R E C R E S S I O N  COEFFICIENTS) 

Lnd i v  i due 1 Regression Coeff i c i e n t +  t for  t ea t  of b 
( b i )  

1 

2 

- 97.61 

- 49.28 

- '97.61 

- 64.37 

- 78.53 

10.4 

5 93 

10.4 

6.9 

8.4 

6 -144.46 15.4 

7 - 32.44 3.5 

0 -134.73 14.4 

9 + 75.28 8.0 ' 

- 66.97 7 .? 10 

Average Regression 
Coeff ic ien t  (bo) - 69-07 

* I n  terms of decrease of lymphocytes per nine-month period. ' 

Since the . ind iv idua1  regreasion coefficients d i f fe r  emong themselves 

somewhat more t h a n  would be expected on t he  var ia t ion  of the points around 

each 

zero 

l i n e ,  the hypothesis that the average s lope differa significantly from 

is tested against the ' .var ia t ion  among t h e  regression coefficients.  

The square of the standard deviates, s2 = ('1 - '0) = ~ E . 2 5  
9 

U z 
\ 
LrJ 

t =  D O  = - 3.54 
& 

t w i t h  9 degrees of freedom is e i g n i f i c a n t  a t  between the 1 per cent and 0 
i .1 per cent levels .  
': 
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