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An  ac t i on  i t em  on  t he  June  13 ,  1985  MRC Bus iness  l t ee t i ng

reques ted  i nves t i ga t i on  o f  SONGS as  a  poss ib l e  sou rce  f o r  me ta l s

en te r i ng  t he  mar i ne  env i r onmen t .  De te rm ina t i on  o f  t he  mass

emiss ion  o f  me ta l s  d i scha rged  by  SONGST dnd  the  subseguen t

d i l u t i on  and  t r anspo r ta t i on  o f  t hose  me ta l s  i s  an  impo r tan t  s t ep

towards  l i nk ing  SONGS to  me ta l  concen t ra t i ons  i n  sand  c rabs  o r

o the r  o rgan i sms . Prev ious  s tud ies  have  sugges ted that

populat ions of  the sand crab Emer i ta  j !g ] .cga_ on beaches t  12 km

f rom SONGS d i f f e r  i n  seve ra l  a t t r i bu tes  f rom sand  c rabs

occu r r i ng  on  o the r  sou the rn  Ca l i f o rn i a  beaches  (Auyong ,  1981 ;

Wenne r  ,  l g82 ;  and  MEC,  1984 ;  Bence ,  1986 ) .  Sand  c rabs  nea r

SONGS had  a  h ighe r  i nc idence  o f  p rematu re l y  rup tu red  eggs  i n

assoc ia t i on  w i t h  v i ab le  eggs  du r i ng  t he  l a te  summers  o f  1983  and

1984  (MEC,  1984 ;  Bence ,  1986 ) .  Sand  c rabs  may  no t  ove rw in te r ,

may  rec ru i t  l a te r  t o  beaches ,  and  may  be  l ower  i n  abundance  nea r

SONGS than  on  o the r  sou the rn  Ca l i f o rn ia  beaches  (Wenner ,  1982 i

MEC,  1984 ) .  I n  add i t i on ,  f ema les  may  be  rep roduc t i ve l y  ma tu re

a t  a  sma l l e r  s i ze  (Auyong ,  1981 ;  l f enne r ,  L9821 ,  as  we l l  as  g row

a t  a  s l owe r  r a te  (Auyong ,  1981 ) .  Mean  s i ze  o f  ma les  and  f ema les

may  be  sma l l e r  c lose  to  SONGS (Auyong ,  1981) .  These  repo r ted

charac te r i s t i cs  i n  sand  c rabs  co l l ec ted  on  beaches  nea r  SONGS

cou ld  be  a t t r i bu ted  to  the  p resence  o r  ope ra t i on  o f  SONGS,  and /o r

be  exp la ined  by  d i f f e rences  i n  t he  phys i ca l  pa ramete rs  among

beaches  (MEC,  1984 ) . A  fo r thcoming  rev iew  o f  a l l  t he  re la ted

URC sand  c rab  s tud ies  by  J im  Bence  w i l l  r esu l t  i n  t es t i ng  the

pers i s tence  o f  t he  above  pa t te rns  among  those  s tud ies .
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Chemica l  ana l yses  de tec ted  re l a t i ve l y  h i ghe r  concen t ra t i ons

o f  ch rom ium,  manganese ,  and  i r on ,  d l t hough  no t  s i gn i f i can t l y

h ighe r  f o r  a l l  beaches ,  i n  Ju l y  and /o r  Augus t  1983  i n  sand  c rabs

co l l ec ted  f rom beaches  *  L2  km f rom SONGS compared  to  c rabs  f rom

beaches  f a r t he r  away  (Pa rke r ,  1985a ) . The  concen t ra t i ons  o f

these  me ta l s  i n  sand  c rabs  a re  s ign i f i can t l y  co r re la ted  to

pe rcen tage  o f  f ema les  (g rea te r  t han  13  nm)  w i th  comp le te l y  spen t

eggs  du r i ng  e i t he r  Ju l y  o r  Augus t  1983  (Augus t :  ch rom ium R2  =

0 .80  ,  p  10 .02  i  manganese  R2  =  0 .73  |  P  z -  O .O4 ;  Ju I y :  i . r on  R2  =

0 .75  i  P1O.O4 i  Pa rke r ,  1985b ) .  The  spen t  e99  cond i t i on  may  be

a t t r i bu ted  to  P rematu re  rup tu re  o f  e99s  (  i nd i ca ted  by  the

p resence  o f  spen t  eggs  and  v iab le  e99s  i n  a  c lu t ch )  o r  synch ro -

nous  re lease  o f  l a rvae  (  i nd i ca ted  by  c lose  to  100 t  spen t  eggs  i n

a  c l u t ch )  (Bence ,  1986 ) .  I n  f ac t ,  bo th  sPen t  egg  cond i t i ons

appear  to  be  p resen t  a t  a  h ighe r  i nc idence  nea r  SONGS du r ing  the

Ia te  summer  o f  1983  ( t lEC ,  1984 ) .  Sub le tha l  e f f ec t s ,  such  as

d i s rup t i on  i n  rep roduc t i on  a re  known  to  occu r  i n  mar ine  i nve r te -

brates exposed to neta ls  in  seawater  and sedinents at  h igher

concen t ra t i ons  than  those  wh ich  a re  found  i n  na tu re  (Mearns ,  € t

a l .  L976 ;  Cunn inghan ,  1979 ) .

Th i s  rePor t  p rov ides  i n fo rma t ion  re levan t  f o r  two

hypo theses . Hypo thes i s  one : SONGS d i scha rges  me ta l s ,

pa r t i cu la r l y  ch romium,  a t  h igh  enough  concen t ra t i ons  to  be

t ranspor ted  and  i nco rpo ra ted  i n to  the  t i ssues  o f  sand  c rabs  a t

the measured concentrat ions in  crabs on beaches t  12 kn f rom the

p lan t .  Hypo thes i s  two :  t he  concen t ra t i ons  o f  t he  me ta l s  i n

sand crabs *12 kn f rom SONGS are h igh enough to induce sublethal

e f fec ts  such  as  i npa i red  rep roduc t i on . In  o rde r  t o  eva lua te



t hese  hypo theses  seve ra l  gues t i ons  a re  posed  wh ich  cons t i t u te  the

o rgan i za t i on  o f  t h i s  r epo r t :  r .  Wha t  me ta l s  a re  d i scha rged  f r om

SONGS? I I .  Wha t  a re  the  concen t ra t i ons  and /o r  mass  emiss ions  o f

me ta l s ,  p t s r t i cu l a r l y  ch rom ium re l eased  by  SONGS?  f f I .  Can  me ta l s

be  t r anspo r ted  f r om a  po in t  d i scha rge  t o  d i s t ances  o f  L2  km?

What  i s  t he  d i l u t i on  fac to r  f o r  me ta l s  i n  t he  wa te r  co lumn

reach ing  beaches  t  12  km f rom SONGS? IV .  Wha t  ev idence  ex i s t s

fo r  i nco rpo ra t i on  and  concen t ra t i on  o f  me ta l s  i n  mar ine

i nve r tebra tes?  ana  W. At  wha t  concen t ra t i ons  a re  me ta l s  known

to  p roduce  sub le tha l  e f fec ts  i n  mar ine  i nve r teb ra tes?

T. lletals discharged by SONGS

SONGS d i scha rges  a t  l eas t  24  d i f f e ren t  me ta l s  i nc l ud ing  t he

ones  o f  mos t  i n te res t  t o  t he  MRC'  spec i f i ca l l y  ch romium,

manganese ,  and  i ron  as  rad ioac t i ve  and  non rad ioac t i ve  i so topes

(Nuc lea r  Regu la to r y  Commiss ion  (NRC)  r  1983 ;  Wa te r  Qua l i t y

Con t ro l  Boa rd  (WQCB) ,  1984 ;  1985a )  (Tab le  1 ) .  Non rad ioac t i ve

meta l  nas tes  can  be  pa r t i cuLa r l y  impor tan t  i n  a  c losed -Loop

sys tem such  as  SONGS (E ichho lz ,  1985) .  The  SONGS Un i t  2

d i scha rge  cons i s t s  o f  a t  l eas t  seven teen  d i f f e ren t  i n  p lan t

s t r eams  (WQCB,  1985b )  (F i g  1 ) . Was tes  a re  d i scha rged

in te rm i t t en t l y  and  peak  f l ows  can  be  ten  t imes  g rea te r  t han  the

ave rage  f l ow .  Mos t  non rad ioac t i ve  i n -p lan t  was tes  a re  d i l u ted

in  the  d i scha rge  s t r ream to  coneen t ra t i ons  tha t  mee t  l oca1  wa te r

gua l i t y  s t anda rds  (E i r chho l z '  1985  ) .
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Wi th  respec t  t o  t he  seven teen  was te  s t reams ,  t he  po ten t i a l

ma jo r  sou rces  f o r  me ta l  v ras tes  a re :  ( 1 )  The  seconda ry  coo l i ng

wa te r  sys tem may  con ta in  me ta l s  l eached  f rom p ip ing : ,  (2  )  The

b lowdown p rocess ing  sys tem wh ich  demine ra l i zes  the  s team

genera to r  and  p rov ides  h igh  gua l i t y  condensa te  back  to  the  ma in

condense r i  and  (3 )  O the r  dem ine i t i " . r  s ys tems .

pass ing  the  tu rb ine  i s  condensed  back  to  wa te r  and  i s

dem ine ra l i zed  p r i o r  t o  r e tu rn i ng  t o  t he  s team gene ra to r .  Th i s

demine r l i ze r  sys tem i s  des igned  to  remove  ions  en te r i ng  the

sys tem f rom sma l l  l eaks  wh ich  may  deve lop  i n  t he  ma in  condenser

and  assoc ia ted  p ip ing .  The  makeup  demine ra l i ze r  (MUD)  sys ten

p roduces  de ion i zed  wa te r  f o r  va r i ous  i n -p lan t  sys tems .  Upon

neu t ra l i za t i on  (pn )  t he  regenera t i on  was tewa te r  i s  p iped  to  the

condenser  coo l i ng  wa te r  sys tem fo r  subseguen t  d i scha rge  a t  Un i t  2

(wQcB ,  1985b ) .

Rad ioac t i ve  co r ros i on  p roduc t s  a r i se  as  a  resu l t  o f  neu t ron

bombardmen t  o f  t he  c ladd ing  na te r i a l  enc los ing  the  nuc lea r  f ue l

(u ran ium-238)  tha t  hea ts  the  p r imary  coo l i ng  l oop .  Th i s  coo lan t

l oop  i s  enc losed  w i th  ma te r ia l s  i nc lud ing  s ta in less  s tee l '

z i r ca loy r  i ncone l ,  ca rbon  s tee l  and  o the r  s tee l  and  coPPer

a I l oys .  The  mos t  conmon  rad ioac t i ve  i so topes  fo rmed  by  neu t ron

bombardnent  in  th is  systen are Fe-59 r  Cr-51r  t t tn-54,  Co-60 r  and

Steam upon F

I
t

Zr -95  (E i chho l z ,  1985 ) . The pr inary  coo lan t  s t ream is

decontaminated by the coolant  radwaste system (CnS) which

cons i s t s  i n  pa r t ,  o f  an  on - l i ne  f i l t e r  and  i on  exchange  sys tem.

Rad ioac t i ve  co r ros ion  p roduc ts  a re  re leased  and  rnon i to red  i n

the  SONGST e f f l uen ts ,  a i r ,  oceanr  s€d imen ts ,  and  i n  o rgan isms

semiannua l l y  by  Sou the rn  Ca l i f o rn ia  Ed ison  (SCE)  under  the
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j u r i sd i c t i on  o f  t he  NRC (NRC,  L982 i  1983 ;  1984 ) .

t
I
t
T
I
j

Tab le  1 .  A  pa r t i a l
i n f o rma t i on )  d i scha rqed
1982 ;1983 ;1984 ; wQcB,

l i s t  o f  me ta l s  ( based  on  ava i l ab le
by  SONGST Un i t s  I ,  2 ,  and  3  (NRC,

1984 ;  1985a ) .  *=s tab le  i so topes
0 .0004  t o  0 .60  mg /L ,1ppn ) ) ,  Q=  uns tab le
cu r i es  (3 .7  x  I 0 ru  d i s i n teg ra t i ons /

( concen t ra t i og  range  o f
i so topes  (10 -o  t o  1 .0
second )  r /3  mo.  )

3
t
I

tead
Cadn ium
Copper
Mercu ry
Chromium
l.tanganese
I  ron
N icke I
S  i l ve r
Z  i nc
Coba I t
Tungs ten

*
*
*
*
* @
*e
* €
*e
*e
*e
*8
e

Ces iun
tanthanum
Ruthen iun
S t ron t  i um
Ant  inony
Bar ium
Cer  i um
l to lybdenum
N iobium
Rub id  iun
Techne t ium
Z i  r con  i um

e
e
e
e
€
€
e
G
€
€
e
e

I I .  l lass Emissions of netals from SONGS

Concen t ra t i on  measuremen ts  o f  s tab le  ch romium and  i ron  i n

the  ma jo r  was te  s t reams  a t  SONGS a re  regu i red  by  regu la t i on ,

whereas  the re  i s  no  regu i remen t  f o r  de tec t i on  o f  manganese  (WQCB,

1985b rc ) .  Ch rom ium concen t ra t i ons  a re  de te rm ined  sem i -annua l l y

by  tak ing  one  g rab  samp le  i n  t he  comb ined  e f f l uen ts ,  as  we l l  as

in  the  i n -p lan t  was te  s t ream fo r  Un i t s  2 /3 ,  and  on l y  i n  t he  i n -

p lan t  was te  s t ream fo r  Un i t  1 . I ron  concent ra t ion  is  measured

semi-annual ly  by tak ing one grab sample in  the in-p lant  waste

s t ream on ly  a t  Un i t  1 .  The  one  samp le  concen t ra t i on  va lues  a re

I



repor ted in  the V|QCB repor ts  as the dai ly  maximum and as the 6-

mon th  med ian .  The  sens i t i v i t y  t o r  concen t ra t i on  measu remen ts  i s

a t  0 .01  ng / I .  T {a te r  samPles  a re  co l l ec ted  by  scE '  and  sen t  t o

Env i ronmen ta l  Eng inee r i ng  Labo ra to r i es r  San  D iego  t o  be  ana l yzed '

SCE submi t s  t he  requ i red  repo r t s  t o  the  WQCB in  San  D iego '  I n

add i t i on ,  SCE has  rePo r ted  P reoPe ra t i ona l  (Un i t s  2  and  3 )  me ta l

concen t ra t i ons  f o r  coppe r ,  ch rom ium,  i r on ,  n i cke l ,  and  t i t an iun

in  wa te r  and  sed imen t  samp les  co l l ec ted  a t  un i t  I  ou t fa l l  t o  7550

kn  downcoas t  du r i ng  19?8  t o  1980  (SCE,  1981ab ) .  P resen t l y ,  t he

sanp l i ng  p rog ram i s  be ing  repea ted  to  ob ta in  ope ra t i ona l  me ta l

concen t ra t i ons  (pe rsona l  commun ica t i on ,  R '  Grove )  '

In  the January-June 1985 Semiannaul  WQCB repor t  chromium was

measu red  a t  10 .0  ug / l  ( o r  PPb )  on  May  29 ,  1985  i n  t he  comb ined

d ischa rage  i n  un i t s  2 /3 .  s ince  the  ch ron ium leve l  cou ld  be  a t

o r  abou t  t he  l i r n i t  o f  sens i t i v i t y  i n  concen t ra t i on  measuremen ts ,

i t  i s  imposs ib le  to  ca l cu la te  an  accu ra te  va lue  i n  MT/y r  (me t r i c

tons, /year  )  o f  chromium discharged f  rom SONGS. There is  a

d i f f e rence  o f  37  n [ / y r  ch romiun  i n  yea r l y  mass  emiss ion

depend ing  uPon  whe the r  o r  no t  ch romium i s  d i scha rged  a t  10 '0  o r

1 .0  ug / l  (Tab le  21 .



Tab le  2 .  D ie t r i c  t ons  Per
o f  ch ro rn ium concen t ra t  i ons
f l ow  f r om Un i t s  l  12 ,  and  3

yea r  ch romium
and based on

a t  SONGS.

ca lcu la ted  f rom a  range
the  June  1985  vo lume o f

Vo1ume of

June  1985
un i t  I
Un i t2&3

16  89
4614  each

f los:  (a i l l ions of  l i ters/day)

(87 t  o f  max imum da i lY  comb ined
d i scha rge  f l ow  ra te )

Assumming a Cr
concen t ra t i on  o f :  10 .0

metr ic tons, /yr 39 .8

5.0

20 .0

(ug /L  o r
2 .5

10 .0

PPb)
1 .25

s.1

a.62

2.6

John  pa lmer  (handou t  a t  t {RC Bus iness  t r l ee t i ng  o f  June  13 ,

1985)  es t i r na ted  tha t  t he  coo l i ng  sys tems  a t  SONGS 1 -3  d i scha rge

0 .28  mp /y r  ch romium in to  the  ocean .  Tha t  es t ima te  i s  based  uPon

a  c i r cu la t i ng  vo lume  o f  12588  m i l L i ons  o f  l i t e r s /day '  and  a

med ian  concen t ra t i on  d i f f e rence  be tween  e f f l uen t  and  i n f l uen t

ca l cu la ted  by  Young ,  € t  a I .  ( I 9?? ) .  The  rned ian  d i f f e rence  i n

concen t ra t i on  i s  based  on  sanp l i ng  du r ing  L977  a t  e igh t  o f  scErs

coas ta l  genera t i ng  s ta t i ons ,  i nc lud ing  SONGST Un i t  I  a t  t he

beg inn ing  and  end  o f  t he  i n take  and  d i scha rge  s t ruc tu res '

respec t i ve l y .  Th i s  es t ima te  fo r  t he  mass  emiss ion  o f  ch romium

may be b iased towards the low s ide for  the fo l lowing reasons:

( I )  The  ob jec t i ve  o f  t he  rePor t  $ tas  to  measure  me ta l  i npu t  on l y

f rom the  secondary  coo l i ng  sys tems .  A r rangemen ts  were  made  w i th

SCE on the day of  sampl ing that  no retent ion basin water  (  in-

p l an t  was tes  f r om sou rces  such  as  ac id - c l ean ing ,  f i r es i de  bo i l e r

IO



wash  wa te r  and  f l oo r  d ra i n i ngs ) b tas  to  be  re leased  i n to  the

Howeve r ,  concen t ra t i ons  o fe f f l uen t s  (Young ,  € t  a l .  19771

chromiun  f rom in -p1an t  wasLes  can  be  re la t i ve l y  h igh .  I n -p1an t

re l ease  o f  ch rom ium was  measu red  a t  20 .0  ug / l  on  Oc tobe r  19 t  1984

w i t h  a  s t r eam f l ow  o f  2 .L5  m i l l i ons  o f  l i t e r s /day ;  and  l 2 l

A l though  the  f l ow  vo lume fo r  Un i t s  2  and  3  was  i nc luded  i n  the

ca lcu la t i ons ,  ac tua l  eoncen t ra t i on  measuremen ts  o f  ch romium were

no t  ava i l ab le  because  Un i t s  2  and  3  were  no t  ope ra t i ona l  i n

1977 .  Whe the r  concen t ra t i ons  o f  ch romium a re  h ighe r  i n  Un i t s  2

and  3  co rnpa red  to  the  concen t ra t i ons  a t  o the r  SCE genera t i ng

s ta t i ons  i s  no t  known .

fn summary,  the year ly  mass emiss ion of  chromium f rom SONGS

un i t s  I ,  2 t  and  3  i s  0 .28  u rP /y t  us ing  the  mos t  conse rva t i ve

es t ima te r  oE  39 .6  f t | / y r  based  on  the  l eve l  o f  sens i t i v i t y  i n

concen t ra t i on  measuremen ts  requ i red  by  the  WQCB.  Even  Sor

the  0 .28  i lT / y r  ch romium es t ima te  i s  tw i ce  as  l a rge  as  the  ra te  o f

ch romium re leased  f rom the  nea res t  sewage  d i scha rge r  SERRA a t

Dana  Po in t  (Scha fe r ,  1984 ) .

fII. TransPortation of retals in the rarine environnent

A.  D is t r i bu t i on  and  concen t ra t i on  o f  ne ta l s  f rom po in t  sou rce

d i scharges  .

The concent ra t ion  o f  some meta ls  i s  subs tan t ia l l y  h igher  in

inver tebra tes  l i v ing  in  a reas  near  Po in t  source  d ischarges  than

concentrat ions in the same species col lected at  non impacted

s i tes  (cont ro ls ) .  Dur ing  L974,  chromium concent ra t ions  in  the
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sca l l op  H in i t es  mu l t i r ugoses  we re  seven  t o  e i gh teen  t imes  g rea te r

i n  t he  sewage  ou t f a l l  a rea  ( *  I  km)  I oca ted  a t  Pa los  Ve rdes ,

Ca l i f o rn i a  t han  con t ro l  ( non -a f f ec ted )  s i t es  (Young  and  Jan '

r976 )  . Sca l l ops  concen t ra te  ch romium in  pa r t i cu la r  o rgans

inc lu i l i ng  the  gonad  where  concen t ra t i ons  a re  s i x  t imes  h ighe r  i n

sca l l ops  nea r  the  ou t fa l l  t han  the  con t ro l  a rea  (Young  and  Jan '

] g76 )  (Tab1e  3 ) .  The  es t ima ted  ave rage  concen t ra t i on  o f  ch rom ium

d ischa rged  i n  the  f  i na l  e f  f  l uen t  was  0 .750  ng / I  du r  i ng  l ' 976

(Scha fe r '  L9771 .

Tab Ie  3 .  Mean  ch romium concen t ra t i ons  (  ug , /we t  9 )  t  95 - * -

con f  i dence  l im i t s  a t  l { h i t es  Po in t  and  Po in t  V i cen te ,  1  km o f f

Pa los  Ve rdes  Pen insu la  ( ou t f a l I s )  and  con t ro l  s i t es '  Samp le  s i ze

va r i ed  be tween  6  t o  I  s ca l l ops ,  (H in i t es  mu l t i r ugoses )  (Young  and

Jan ,  1976  )  .

D iges t i ve  G land
Ou t fa l l  Con t ro l

Gonad
Ou t fa l l  Con t ro l

Adduc to r  Musc le
ffi

4 I
r19

2.2
L .2

2 .6
0 .73

0 .39
0 .13

0.3s
0.12

0.05
0 .06

il
N
N Accumu la t i on  o f  man-made  rad ioac t i ve  i so topes  i n  mar ine

o rgan isms  a t  and  abou t  SONGS p rov ides  d i rec t  con f i rma t ion  o f  t he

source  o f  t hese  e lemen ts r  ds  we l l  as  a  tag  to  i nd i ca te  tha t  o the r

subs tances  re leased  f rom the  genera t i ng  s ta t i on  may  be  expec ted

to  be  abso rbed  by  such  o rgan isms .  Rad io log i ca l  mon i to r i ng  o f  t he

env i ronmen t  a t  and  abou t  SONGS ind i ca tes  tha t  a t  l eas t  du r ing

1981  t o  f 983  ,  c rus taceans ,  mo l l uscs ,  and  f i sh  repea ted l y

con ta ined  th ree  to  e igh t .  d i f f e ren t  me ta l  rad ionuc l i des  w i th

t2



eoncen t ra t i ons  (Cu r i es /Kg  d r y )  r ang ing  f r om two  t o  350  t imes

backg round  leve l s  (Newpor t  Beach )  fo r  t he  same spec ies  (NRC,

Lg82 ,  1983 ,  1984  )  .  An  i nco rpo ra t i on  f ac to r  o f  two  t o  350  f o r

me ta l  r ad ionuc l i des  does  no t  necessa r i l y  r e f l ec t  t he  magn i t ude

fo r  accumu la t i on  o f  s t ab le  me ta l s  i n  ma r i ne  sPec ies ,  bu t  i t  i s

s t rong ly  sugges t i ve  tha t  me ta l s  re leased  f rom SONGS can  be

t ranspor ted  and  i nco rpo ra ted  i n to  nea rby  o rgan isms '

B . T ranspo r ta t i on  o f  me ta l s

l le ta ls  re leased by nuclear  poyrer  p lants  can be detected in

mar ine  o rgan isms  up  to  d i s tances  o f  a t  l eas t  10  km.  Co-50  was

de tec ted  i n  t he  a lga1  spec ies  Fucus  ves i cu losus  to  d i s tances  o f

I0  krn avray f rom the Barseback nuclear  power p lant  in  Sweden

(Ma t t sson ,  e t  a I .  1980 ) .  The  t r anspo r t  o f  me ta l  r ad ionuc l i des

con fo rms  to  the  hyd rodynamic  cond i t i ons  i n  t he  a rea .  A  cu r ren t  o f

20  to  30  cm ls  t ranspor ted  the  l abe led  wa te r  2000-5000  m

downs t ream in  pe r iods  o f  3  to  5  hou rs .

Sand  c rabs  on  beaches  i  12  kn  f rom SONGS du r ing  Ju l y  and /o r

August  1983 had on the average about  three t ines the

concen t ra t i on  o f  ch romium than  c rabs  occu r r i ng  a t  d i s tances

fa r t he r  away  (pa rke r ,  1985a ) .  A  me ta l  con t i nuous l y  d i scha rged

f rom Un i t s  I ,  2  and  3  w i l l  r each  beaches  i  8  t o  10  km f rom SONGS

on  the  ave rage  a t  an  app rox ima te ty  100  fo ld  d i l u t i on  (Re i t ze l '

I 9g5 ) .  Th i s  p red i c t i on  i s  based  upon  cu r ren t  ve loc i t i es  and

es t ima ted  ra tes  o f  d i spe rs i on  (Re i t ze l ,  1985 ) .  Fo r  examp le ,

ch romium re leased  a t  9 .990  PPb  (ug / l )  ( de tec t i on  l i n i t  o f

13
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r equ i red  measu remen ts )  f r om Un i t s  2  and  3  w i l l  r each  beaches  I  t o

10  km f r om SONGS a t  a  concen t ra t i on  o f  0 .099  ppb .

fV. IncorPoration and concentration of netals in sand crabs

l tany  mar ine  i nve r teb ra tes  read i l y  ass im i l a te  and  concen t ra te

me ta rs  ( ca r r ,  e t  a l .  1982 ) .  Body  bu rdens  o f  me ta l s  usua l r y  a re

e leva ted  subs tan t i a l l y  as  compared  to  concen t ra t i ons  obse rved  i n

seawa te r  and  sed imen ts  ( r ev i ews :  K renke l ,  1975 ;  ve rnbe rg ,  e t  a r .

1979 ) .  T rans fe r  f ac to r s  ( x10 ,  X100 ,  x  1000 )  va ry  w i t h  me ta l ,

spec ies ,  t ype  o f  f eeder ,  season ,  and  geograph ic  l oca t i on

(F raz ie r ,  1976 i  Fa les  I  Lg ' 18 ;  F rank  and  Robe r t son  r  L979 i  Romer i r ,

1979 ;  Ma r i na  and  Enzo ,  1983 ) .  Some  examp les  o f  t r ans fe r  f ac to r s

fo r  ma r i ne  o rgan i sms  a re  repo r ted  i n  Tab le  4 .

The  mechan isms  fo r  up take  and  concen t ra t i on  o f  me ta l s  i n

l l l u i i r , .  i nve r teb ra tes  a re  no t  known  we l l  enough  to  p red i c t  t o  wha t

deg ree  sand  c rabs  a re  l i ke l y  t o  concen t ra te  ch romium o r  o the r

me ta l s  f r om seawa te r  (Cunn ingham,  1929 ) .  I n  b i va l ves ,  me ta l

up take  occu rs  f r om fou r  sou rces  i n  t he  env i r onmen t :  ( I )  d i sso l ved

ino rgan ic  me ta r  i ons : ,  (2 )  o rganorne ta l l i c  i r on  comp lexes ;  (3 )

me ta l  i ons  P reconcen t ra ted  on  phy top lank ton  and  de t r i t us ;  and  (4 )

me ta l  i ons  conp lexed  on  i no rgan ic  sed imen t  pa r t i c l es .  The  ma jo r

pa thway  fo r  me ta l  abso rp t i on  i n  b i va l ves  i s  t h rough  inges t i on  o f

f ood  pa r t i c l es  by  f i l t r a t i on  (ph i l f i p s ,  L977 ) .  f n  con t ras t ,

me ta r  up take  i n  po l ychae tes  i s  t hough t  t o  be  a  pass i ve  p rocess

a t t r i bu ted  to  b ind ing  o f  me ta rs  w i th  body  p ro te ins  ( ch ipnan ,

1966  ) .  Log ica l  pa thways  fo r  me ta l  up take  i n  sand  c rabs  a re

I
I
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dur ing  f i l t e r  f eed ing  on  p lank ton  and /o t  con tac t  o f  an tennae  w i th

se i l imen ts  boun , l  w i th  me ta l s .  D i rec t  abso rp t i on  i s  ano the r

poss ib i l i t y ,  bu t  t he  exoske le ton  may  ac t  t o  i npede  the  p rocess '

However ,  accumu la t i on  o f  me ta l s  f rom sed imen ts  by  sand  c rabs

appears  un l i ke l y  because  sed imen ts  on  beaches  *  L2  km f rom soNGS

do  no t  have  h ighe r  coneen t ra t i ons  o f  me ta l s  t han  o the r  sou the rn

Ca l i f o rn i a  beaches  (Bence '  1985 ) '

Sublethal effects of netal's on sand crabs

Emer i ta  ana loga  co l l ec ted  w i th in  *  L2  km f rom soNGS du r ing

Ia tesummerso f l gS3and lgE4hadah ighe r i nc i denceo f

p rema tu re l y  r up tu red  e99s  w i t h  v i ab le  eggs  (Pa r t i a l l y  spen t  eggs )

than  sand  c rabs  occu r r i ng  a t  o the r  sou the rn  ca l i f o rn ia  beaches

( l lEC ,  1984 i  Bence ,  1986 )  ' The concent ra t ions  o f  chromium'

manganese ,  and  i ron ,  i n  sand  c rabs  a re  s ign i f i can t l y  co r re la ted

to  the  pe rcen tage  o f  f ema les  (g rea te r  t han  13  nm)  w i th  comp le te l y

spen teggsdu r i nge i t he rJu l yo rAugus t l gs3 (Pa rke r ' 1985b ) .

The  comp le te l y  spen t  e99  cond i t i on  may  rep resen t  a  h ighe r  deg ree

o fsynch ronousegg re leasenea rsoNcs thana to the rbeaches

(Bence ,  1985) .  However ,  o the r  sand  c rab  a t t r i bu tes  have  no t  been

co r re la ted  to  concen t ra t i on  o f  me ta l s  i n  sand  c rabs '  App rop r ia te

ques t i ons  fo r  t he  [ tRc  to  ask  a res  (1 )  Whe the r  t hese  me ta ] ' s  a re

known tod i s rup t rep roduc t i on in i nve r t eb ra tes? (2 l l l ha t i s

t he range inconcen l ra t i ons fo reachme ta l known toa f f ec t

rep roduc t i on?  (3  )  Does  the  pa r t i a l l y  spen t  egg  cond i t i on

rep resen t  abnorna l  rep roduc t i on  i n  sand  c rabs?  and  (4 )  A re  o the r
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b io l og i ca l  a t t r i bu tes  co r re l a ted  t o  me ta t  concen t ra t i ons  i n  sand

c  r  abs?

Exposu re  t o  r e l a t i ve l y  I ow  concen t ra t i ons ,  bu t  h i ghe r  t han

na tu ra l l y  occu r r i ng  concen t ra t i ons ,  o f  ch rom ium w i l l  r esu l t  i n

impa i red  o r  d i s rup ted  rep roduc t i on  i n  some  i nve r t eb ra te  sPec ies '

Exposu re  to  ch romium resu l ted  i n  p roduc t i on  o f  abnorma l  sea

u rch in  l a r vae  (Pagano ,  € t  a l .  1983 ) .  Changes  i n  m io t i c  ac t i v i t y

du r ing  c leavage  exp la ined  th i s  abnorma l i t y .  My in t  and  Ty le r

(  r982  )  obse rved  a  nega t i ve  conb ined  e f fec t  o f  t empera tu re ,

nu t r i t i on ,  and  exPosure  to  me ta l s  on  the  gane togen ic  cyc le  o f  t he

musse l  Mv t i l us  edu l i s .

Some o f  t he  mos t  comprehens ive  resea rch  on  sub le tha l  e f fec ts

o f  ch romium has  been  conduc ted  by  the  Sou the rn  Ca l i f o rn ia  Coas ta l

! {a te r  Research  P ro jec t  (SCCWRP)  and  Dr .  Don  Re ish  ( fo r  rev iew ,

see  Re i sh ,  1984 )  us i ng  spec ies ,  pa r t i cu l a r l y  po l ychae tes  f r om the

wa te rs  o f  sou the rn  Ca l i f o rn i a .  Osh ida  and  t { o rd  (1982 )  conduc ted

one  o f  t he  few  s tud ies  re la t i ng  the  concen t ra t i on  o f  po ten t i a l

t ox ins  i n  seawa te r  t o  me ta l  accumu la t i on  i n  a  spec ies  w i th  a

sub le tha l  response .  The  po l - ychae te  Nean thes  a renaceoden ta ta

a f te r  exPosure  to  38 .2  u7 /L  hexava len t  ch ron ium fo r  158  days

inco rpo ra tedS2TSug , /Kgwe tch rom ium(Tab1e5 ) .Th i sexposu re

reg ime  and  subsequen t  t i ssue  i nco rpo ra t i on  resu l ted  i n  a  34 t

reduc t i on  i n  number  o f  o f f sp r i ng  pe r  b rood  (Tab le  5 ) .
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Tab le  5 . Number  o f  o f f sp r  i ng  Per
concen t ra t i ons  o f  t o ta l  ch rom ium o f
exposed  to  hexava len t  ch romium (Osh ida

b rood  and  bodY t i ssue
Nean thes  a renaceoden ta ta

ali6-wd LT

Chromium
Conc .
l ug / t l

*  spaw ing
pa i r s

mean  *  o f f -
spr  ing, /  brood

mean  t i ssue  tSE
concen t ra t i on
(ug lwe t  Kg )

TSE

Con t ro l

2 .6

9 .8

38 .2

22

25

22

22

323.3

273 .9

303 .3

2r3  .4

48 .9

31  . 6

39 .0

32 .8

70

4s8

2L89

8278

24

60

414

517

The  range  o f  mean  ch romium concen t ra t i ons  i n  sand  c rabs  (930

to 4570 ug/Kg dry)  co l lected on beaches t  12 krn f rom SONGS dur ing

Augus t  1983  (Tab le  6 )  i s  on l y  11 -55 t  }ess  than  the  concen t ra t i on

(8278  ug /Kg  we t )  f ound  to  i nh ib i t  r ep roduc t i on  by  34 t  i n  t he

po l ychae te  N .  a renaceoden ta ta  (Osh ida  and  Word '  1982 ) .  Thus r  i t

is  reasonable to expect that  sand crabs with mean body burdens of

930 to  4570 ug /Kg dry  chromium might  exh ib i t  impa i red  or

reduced reproduct ion.  The chromium discharged fron SONGS may

contr ibute to only a port . ion of  the total  body burden in sand

crabs. Hoyrever,  the mass emission of  chromium from SONGS could

be s ign i f i can t  by  e leva t ing  the  chron ium concent ra t ion  in  sand

crabs  above the  th resho ld  leve l  wh ich  produces  sub le tha l  e f fec ts .

18



Tab le  6 -  The  range  o f  mean  me ta l  concen t ra t i ons  (ug /Kg  d r y )  f o r
ch rom ium,  manganese ,  and  i r on  i n  t he  t i s sues  o f  

- f ema le -  
sand

c rabs ,  Emer i t a  a l a l oga  co l l ec ted  *  L2  km f r om soNGS du r i ng  i h ;
non ths  o@t  1993  (Pa rke r ,  r 9g5a ) .

r983
Ju ly

August

Chromium

340-830

93  0 -45  70

Range  o f  mean  concen t ra t i ons
(ug /Kg  d r y  we igh t )

llarrganese Iron

28000-62000

30$00-s8000

I  20000-3  70000

I  6  7000-5  71000
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DISCUSSION

There  i s  a  po ten t i aL  impac t  by  soNGS to  sand  c rabs  *  L2  km

f rom the  p lan t .  Sand  c rabs  nea r  SONGS in  the  l a te  sunmers  o f

1983  and  1984  exh ib i t ed  a  pa t t e rn  o f  a  h i ghe r  f r equency  o f

p re tna tu re l y  rup tu red  e99s  w i th  v iab le  e99s  than  c rabs  on  beaches

fa r t he r  away  ( l {Ec ,  1984 i  Bence ,  1986 ) .  One  exp lana t i on  f o r  t h i s

sub le tha l  response  i n  sand  c rabs  nea r  soNGS i s  t ha t  re la t i ve l y

h igh  body  bu rdens  o f  me ta l s ,  pa r t i cu la r l y  ch romium,  cou ld  be

in te r f e r i ng  w i t h  r eP roduc t i on . Seve ra l  Pe r t i nen t  f ac t s

suppor t  the v iew that  SONGS may be resPonsib le for  the h igh

concentrat ions of  meta ls  in  sand crabsr  dr1d consequent ly  the

d i s rup t i ve  e f f ec t s  o f  t hese  me ta l s  t o  r ep roduc t i on .

soNcs  i s  a  sou rce  o f  t he  th ree  me ta l s ,  ch romium '  manganese t

and  i ron ,  t f h i ch  were  a t  re la t i ve l y  h ighe r  concen t ra t i ons  du r ing

Ju ly  and , /o r  Augus t  1983  i n  sand  c rabs  nea r  the  p lan t  t han  i n

c rabs  on  o the r  sou the rn  ca l i f o rn ia  beaches .  soNcs  d i scha rges

ch romium a t  tw i ce  the  ra te ,  us ing  the  mos t  conse rva t i ve

est imates ,  as  the  neares t  sewage out fa l l ' Po in t  source

d ischarges  are  known to  Produce a  Pat te rn  o f  h igher

concent ra t ions  o f  some meta ls  in  mar ine  inver tebra tes  a t

d is tances  avray  f rom out fa l l s .  L ikewise ,  rad ioac t ive  labe led

meta ls  re leased f rom nuc lear  Pos ter  p lan ts r  dS po in t  source

d ischarges ,  a re  known to  be  t ranspor ted ,  incorpora ted ,  and

concen l ra ted  in to  mar ine  spec ies  a t  d is tances  uP to  10  km'  In

par t i cu la r ,  mar ine  inver tebra te  spec ies  co l lec ted  a t  SONGSI

Uni ts  1 ,  2 t  and 3  can incorpora te  th ree  to  e igh t  d i f fe ren t  rne ta l

rad ionuc l ides  a t  much h igher  concent ra t ions  (Cur ies , /Kg d ty )  than



3
I

,i

f o r  t hose  same  spec ies  co l l ec ted  a t  a  con t ro l  s i t e '

Ch romium apPears  to  be  a t  l eas t  one  cand ida te  rne taL  wh ich  by

i t s  p resence  i n  sand  c rabs  cou ld  exp la in  the  rep roduc t i ve

pa t te rns  i n  c rabs  nea r  soNcs .  A t  p resen t ,  guan t i t a t i ve  da ta  on

the  mass  emiss ion  o f  manganese  a re  no t  ava i l ab le  because  rou t i ne

concen t ra t i on  m.easu remen ts  a re  no t  requ i red .  rnve r teb ra tes  a re

known  to  concen t ra te  h igh  l eve l s  o f  i r on  w i thou t  sub le tha l

e f f ec t s rSos tab le i r on i sno ta l i ke l ycaus i t i veagen t f o r

impa i red  rep roduc t i on  i n  sand  c rabs '

The  wors t  and  bes t  case  cond i t i ons  fo r  t he  d i scha rge '

t ranspor t ,  d i l u t i on ,  and  concen t ra t i on  o f  ch romium in  sand  c rabs

a re  p resen ted  i n  F i gs .  2ab ' F ig .  2c  desc r i bes  wha t  m igh t  be

expected  based on  incorpora t ion  o f  chromium in  sand c rabs  under

nnatura l '  cond i t ions .  Wors t  an i t  bes t  case cond i t ions  are  based

in  par t  on  chromium concent ra t ion  fac to rs  fo r  o ther  mar ine

inver tebra te  spec ies .  Sand c rabs  may be  concent ra t ing  chromium

to  a  g rea ter  o r  lesser  ex ten t  than grass  shr inpr  f l luss€ ls r  o r

cLams (Tab le  4 ) .  Concent ra t ion  fac to rs  fo r  up take  o f  chromium by

plankton and conseguent t ransfer to planktonic feeders '  such as

sand c rabs  are  no t  eas i l y  ava i lab le  in  the  l i te ra tu re '  Even

though the htorst  and best case condi t ions should be viewed as a

f i rs t  look  a t  the  prob lem,  severa l  genera l i za t ions  are  apparent '

F i rs t ,  under  wors t  case cond i t ions  incorpora t ion  o f  chromium in to

sand crabs direct ly f rom the water column would have to occur by

a  fac to r  o f  10 '000 to  be  w i th in  the  concent ra t ion  range o f

chromium in sand crabs on beaches near SONGS (Fig '  2a) '  A

concent ra t ion  fac to r  o f  th is  magn i tude is  un l i ke ly .  However t

passage of  chromium through plankton to sand crabs under worst
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case  cond i t i ons  may  be  f eas ib l e  (F i g .  2a )  depend ing

exac t  concen t ra t i on  f ac to r s .

Second ' soNcsasasou rceo f ch rom ium insandc rabsunde r

bes t  case  cond i t i ons  does  no t  aPPear '  r easonab le  (F ig  '  2b )  by

d i r ec t  i nco rpo ra t i on  f r om the  wa te r  co lumn  o r  v i a  p l ank ton  as  a

food source.  The chromium sediment  pathway is  not  shown in  any

o f  t he  cases  because  the re  i s  no  tendency  fo r  sed imen ts  nea r

soNGS to have e levated concentrat ions of  chromium over  beaches

far ther  away even when sediment  coarseness is  taken in to

cons ide ra t i on  (Bence ,  1985 ) .  The  re l a t i ve l y  l ow  concen t ra t i ons

of  meta ls  in  the 1983 I I IEC sediment  sanples co l lected near  soNGS

d iscoun t  na tu ra l  p rocesses r  such  as  e ros ion ,  as  a  means  by  wh ich

meta l s  wou ld  be  ava i l ab le  i n  sed imen ts  fo r  i nco rpo ra t i on  i n  sand

c rabs .

upon the
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SONGS does  d i scha rge  ch romium,  manganese ,  and  i ron  wh ich  can

be  p red i c ted  t o  d i spe rse  t o  t he  sho re l i ne  t  10  km f r om SONGS.

The  l im i t ed  i n fo rma t i on  wh i ch  i s  ava i l ab le  sugges t s  t ha t  a t  l eas t

ch romium rnay  be  i nco rpo ra ted  i n to  sand  c rab  t i ssues  under  wors t

case  cond i t i ons  th rough  the  p lank ton i c  pa thway  a t  h igh  enough

concen t ra t i ons  to  p roduce  sub le tha l  e f fec ts ,  such  as  i npa i red

rep roduc t i on .  Based  on  th i s  i n fo rma t ion  SONGS can  no t  be

exonera ted  as  a  sou rce  fo r  t he  re la t i ve l y  h igh  concen t ra t i ons  o f

chromium measured in  sand crabs on beaches t  L2 kn f rom the

p lan t .

Add i t i ona l  i n fo rna t i on  i s  regu i red  to  u l t ima te l y  i np l i ca te

o r  exonera te  SONGS as  a  sou rce  o f  me ta l s ,  whereby  me ta l s  m igh t  be

accumu la t i ng  i n  sand  c rabs  a t  h igh  enough  concen t ra t i ons  to

p roduce  sub le tha l  r esponses .  F i r s t  I  a  mo re  p rec i se  es t ima te  f o r

the  mass  emiss ion  o f  ch ron ium,  as  we l l  as  fo r  o the r  me ta l s  i s

necessa ry .  S ince  ch romium concen t ra t i on  i s  measured  on l y  to  a

sens i t i v i t y  o f 10 .0  ug /L  o r  ppb  (as  regu i red  by  WQCB) ,  t he

actua l  mass  emiss ion  o f  chromium cou ld  be  d t r  o r  any  ra te  less

than 39  nT/y r .  One obv ious  so lu t ion  to  acqu i r ing  a  more  prec ise

es t imate  fo r  mass  emiss ions  o f  meta ls  i s  to  des ign  and imp lenent

a  sampl ing  program to  measure  w i th  g rea ter  sens i t i v i t y  and

frequency metal .  concentrat ions in both in-plant and secondary

waste streams at  SONGS.

Secondr  the  nagn i tude o f  concent ra t ion  fac to rs  fo r  eventua l

incorpora t ion  o f  meta ls  in to  sand c rabs  can on ly  be  specu la ted

upon by  re fe r r ing  to  va lues  ob ta ined fo r  o ther  mar ine  spec ies .
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Th is  specu la t i on  i s  mos t  d i rec t t y  answerab le  by  conduc t i ng

labo ra to ry  expe r imen ts  by  dos ing  wa te r  and /o t  p lank ton  w i th

me ta l s  and  measu r i ng  ra tes  o f  me ta l  i nco rpo ra t i on r  ES  we l l  as

de te rm in ing  sub le tha l  reponses  o f  sand  c rabs  to  me ta l  exposu re '

24



F ig .  2abc .  (  a )  .  wo rs t  case i
d i scha rge ,  t r anspo r ta t i on ,
ch romium in to  the  sand  c rab
t]-z km f rom SONGS; anil  ( c)
concen t ra t i on  i n  seawa te r  and
c rabs .

(  b )  bes t  case  cond i t i ons  f o r
d i l u t i on ,  and  i nco rPo ra t i on  o f
Ener i t a  ana loqa  p resen t  on  beaches-al-turatTft ions 

of chromium
subsequen t  i nco rpo ra t i on  i n to  sand

CEROITIIUU

Conc .  r e l eased
by SONGS

Conc .  i n  wa te r  on
beaches  i  l 0  kn
f rom SONGS

Conc .  i n  f ood  sou rce :
p lank ton

Pred i c ted  conc .  i n
sand  c rabs

Pred i c ted  conc .  i n
sand  c rabs

norst Case
(Conc .  f ac to r )

Conc .  ( ppb )

References:

De tec t i on  l i n i t  o f  0 .01  mg /L
(WCCB '  1984 ;1985 )

(Re i t ze l , 1985 )

no t  ava i l ab le

no t  ava i l ab le

Capuzzo  &  Sasne r ,  1977
(  c lam)

.90

+
/75

. t2

Y
20

4.0

I
10

9

(1

0

(x

2

0 )

0 )(x

2400.0

(x  75s )

92 .4

I {easured mean conc.
of  chronium in sand
i  12 kn f rom SONGS.

range
c rabs

930 -4570 Parke r , 1985a
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F ig .  2b .

CEROUTUil

Conc .  r e l eased
by SONGS

Conc .  o f  wa te r  on
beaches  *  I 0  kn
f rom SONGS

Conc .  i n  f ood  sou rce :
p l ank ton

Pred i c ted  conc .  i n
sand  c rabs

Pred i c ted  conc .  i n
sand  c rabs

Best Case
(  conc .  f ac to r )

conc .  ( ppb )

(x  100

20.0

(x  94)

0 .094

Referenees:

Youngr  € t  a I .  L977

Re i t ze l , 1985

No t  ava i l ab le

Not available

Car r ,  € t  a I .  1982
(g rass  sh r imp)

0 .10

I
t

(x  r , /100 )

0 .00r0

I
i

( x  200  )

0 .20
I
I
i

Measured  mean  conc .
of  chromium in sand
* 12 km f rom SONGS.

range
crabs
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F ig .  2c .

CEROUTUU

Conc .  i n  sea
wa te r

Conc .  f ood
p lank ton

NaturallY
Occurr ing

conc .  (ppb)

(x  94)

15 .0

References 3

Oshida and Word |  1982

No t  ava i l ab le

No t  ava i l ab le

Car r ,  € t  a I .  1982
(  g rass  shr  inP)

source :

0 .15

I
I
t

( x  20

32 .0
I
I
Y

(x  10

320  .0

0)

0 )Pred i c ted  conc .  i n
sand  c rabs

Pred ic ted  conc .  i n
sand crabs

I
I{
i l l easured mean conc .

of  chromium in sand
.>12 km from SONGS-

range
crabs

39-97  0
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