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ABSTRACT 

B r i t i s h  Columbia (B.C.) P lace  L td.   appl ied  under   the  Canadian 

Ocean Dumping Control  Act (ODCA) t o  ocean dump sediments  dredged  from  the 

f l o o r   o f  Fa1 se  Creek,  Vancouver, B r i t i s h  Columbia, as p a r t   o f  a fo reshore  

improvemen t   p ro jec t .   I ndus t r i a l   e f f l uen ts  and raw s a n i t a r y  sewage have 

been   d i scha rged   d i rec t l y   i n to   Fa l se   C reek   s ince  i t  had  been  dredged t o  

nav iga t i on   dep th   i n   t he   ea r l y   1900 ’s .   Ben th i c   sed imen t   chemis t r y   f rom 

s tud ies   by  Whi ti c a r 1  , Associ  ated  Engi  neeri  ng  Services  Limi  ted2,  and 

Will i s ,  Cunl i f f e  and Tait394  have shown t h a t  some areas o f  Fa1 se  Creek 

c o n t a i n   s e d i m e n t s   w i t h   e l e v a t e d   c o n c e n t r a t i o n s   o f   t r a c e   m e t a l s   s c h e d u l e d   i n  

t h e  ODCA R e g u l a t i o n s .   I n   o r d e r   t o   a s s e s s   t h e   a c c e p t a b i l i t y   o f   t h e s e  

benth ic   sediments  for   ocean  d isposal  , Environment Canada, A d m i n i s t r a t o r   f o r  

t h e  ODCA, j o i n t l y   w i t h  B.C. P l a c e   o f f i c i a l s   d e s i g n e d  a sediment  chemistry 

s tudy t o  spaci  a1 l y  de l   i i n i a te   a reas   w i th   sed imen ts   con ta in ing   t race   me ta l  

c o n c e n t r a t i o n s   i n  excess o f  ODCA Regulated  L imi ts .   Th i  s repo r t   p resen ts  

t h e   r e s u l t s   o f   t h i s   s t u d y .  
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B.C. P lace   L td .  a f a i t  une demande en   ve r tu  de l a   L o i   s u r  

1 ' immersion de d i c h e t s  en  mer (LIDM)  pour  d6verser dans  1 'ocean des 

s6diments  draquijs du fond de  Fa1  se  Creek,  Vancouver,  Colombie B r i  tannique, 

dans l e  c a d r e   d ' u n   p r o j e t   d ' a m e l i o r a t i o n  de l a   r i v e .  Des e f f l u e n t s  

i n d u s t r i e l s   e t  des  eaux d ' e g o u t   o n t  i t 6  discharges d i rec tement  dans F a l s e  

Creek depius 1  e draguage  e f fectu i j   pour  1  a n a v i g a t i o n  au  debut des  annges 

1900. Dans  des 6 t u d e s   f a i   t e s   p a r  Whi t i c a r l ,  A.E.S.L.2, e t  DelCan3s4, 1  a 

ch imie  de sediments  benthiques a montr6 que quelques  zones  de  False  Creek 

con t iennen t  des  sediments  dont   les  concentrat ions en n i e t a u x  2 1 ' i t a t  de 

t r a c e  1 i s t 6 s  dans l e s   r 6 g l  ements  de l a  LIDM son t  61 eviies. 

Dans l e   b u t   d ' e v a l u e r  s i  l e   r e j e t  dans 1 'ocean de s6diments 

benth iques  est   acceptable,   Env i ronnement  Canada, a d m i n i s t r a t e u r   p o u r   l a  

LIDM,  a p r i jpar6   con jo in tement  avec l e s   o f f i c i e l s  de B.C. Place une etude de 

l a  ch imie  des  sGdiments  pour  delemi t e r  dans 1 'espace 1 es  zones d o n t   l e s  

s6diments  cont iennent  des concen t ra t i ons  de  m6taux i 1 ' + t a t  de t r a c e  en 

exces  des 1 im i tes   reg lement6es   par  1  a  LIDM. Ce r a p p o r t   p r e g s e n t e   l e s  

r i j s u l t a t s  de ce t te   6 tude .  

Y 
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S UMM AR Y 

The a n a l y t i c a l   r e s u l t s   p r e s e n t e d   i n d i c a t e   t h a t  a1 1 b lack   reduc ing  

benth ic   sed iments   f rom  t .he   f loor   o f   Fa lse   Creek   con ta ined  su f f i c ien t  

c o n c e n t r a t i o n s   o f  ODCA Scheduled  substances t o  be  considered.  unacceptable 

f o r   d i s p o s a l   a t   t h e   P o i n t  Grey Ocean D isposa l   S i te .  The under l y ing   g rey  

sediments  were  found t o  be  "c lean",  and there fore   acceptab le   fo r   ocean 

d i s p o s a l   a t   P o i n t  Grey.  From these  observat ions,   dredging was a l lowed t o  

proceed f o r  B.C. P1 ace  Ltd. i n  Fa1 se   Creek   us ing   co lo r   to   de termine   wh ich  

sediments  could  be dumped a t   t h e   P o i n t  Grey  Disposal   Si te,  and which 

sediments  would  requi   re   spec i  a1 hand1 i ng. 
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1. INTRODUCTION 

The Fa1 se  Creek  Environmental  Committee (F.C.E.C.)  was c r e a t e d  on 

t h e  recommendation o f   t h e   R e g i o n a l  Ocean Dumping Advisory  Committee 

(R.O.D.A.C.) t o  address  environmental and human hea l th   concerns   assoc ia ted  

w i th   t he   va r ious   deve lopmen t   p roposa ls   i n  Fa1 se  Creek. The committee 

i nc luded   rep resen ta t i ves   o f   t he   Env i ronmen ta l   P ro tec t i on   Se rv i ce ,   t he  B.C. 

M i n i s t r y   o f   E n v i  ronment , t h e  City o f  Vancouver, B.C. P1 ace  and  Expo' 86. 

It was agreed i n  a m e e t i n g   o f   t h e  F.C.E.C., October 1982 t h a t  a sediment 

chemis t r y   s tudy   shou ld   be   under taken   t o   de f i ne   t he   d i s t r i bu t i on   o f   t race  

meta ls  and o r g a n i c s   i n  Fa1 se  Creek. The r e s u l t s   w o u l d   a s s i s t   i n  

determin ing  the  most   env i ronmenta l ly   sound  d isposa- l   opt ions  o f   spoi  1 s 

genera ted   by   fu tu re   d redg ing   opera t ions .  

The survey was des igned   j o in t l y   by   Env i   ronmen ta l   P ro tec t i on  

Service  and B.C. P1 ace  Ltd. ;   the  core  samples  were  col   lected  by 

Klohn  Leonaff  Consul ti ng  Engineers  under  contract  t o  B .C. P1 ace. Trace 

metal  analyses  were  conducted  by  the  Department  of  Environment/Department 

o f   F i s h e r i e s  and Oceans L a b o r a t o r y   i n  West Vancouver;  organic  analyses  were 

conducted  by  the B.C. M in is t ry   o f   Env i ronment   Labora tory  a t  t h e   U n i v e r s i t y  

o f   B r i t i s h  Columbia. 

The f o l l o w i n g   r e p o r t   p r e s e n t s   t h e   r e s u l t s   o f   t h i s   j o i n t   s t u d y .  

1.1 False  Creek H i  s t o r y  

A comprehensive summary of   the  background  uses and a c t i v i t i e s   i n  

Fa1 se  Creek  can  be  found i n   t h e  "AESL  Fa1 se  Creek  Aquatic  Improvement 

Study,  Vol . I t o  B.C. P1 ace  (December 1 9 8 l ) " ,  and a summary o f  a1 1 e x i s t i n g  

sediment  qual i t y  data  i s  presented i n  "Mar ine  Envi   ronmenta l   Invest i   gat ion 

o f   t h e   I m p e r i  a1 Group Fa1 se  Creek  Si te;  Wi 11 i s ,  Cunl i f f  , and Tai t , March 

1982". 
I n d u s t r i  a1 wastes  and  municipal  wastewater  di  scharges  have 

r e s u l t e d   i n   e l e v a t e d   c o n c e n t r a t i o n s   o f   t r a c e   m e t a l s   i n   b o t t o m   s e d i m e n t s .  

The eas t   bas in   sed imen t , s   con ta in   t he   h ighes t   l eve l s   o f   t r ace   me ta l s ,  
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pet ro leum  p roduc ts ,   o rgan ic   debr is  and poss ib l y ,   ch lo r i na ted   o rgan ics .  As 

more t h a n   t h r e e   m i l l i o n   c u b i c   m e t r e s   o f   s e d i m e n t  were  removed f r o m   t h e  

Creek s t a r t i n g   i n  1913, the   con taminants  now found i n   b e n t h i c   s e d i m e n t s  

a r e  assumed t o  have  been  deposi ted  s ince  that   t ime. 

Redevelopment  on t h e   s o u t h   s h o r e   o f   F a l s e   C r e e k   i n   t h e  1970's,  

i n c l   u d i   n g   r e s i   d e n t i  a1 un i t s ,   mar ina   cons t ruc t i on ,  and Granvi 11 e I s 1  and 

Commercial o u t l e t s ,  has r e s t r u c t u r e d   t h e   o r i g i n a l   s h o r e l i n e  o f  False  Creek 

and s h i f t e d  e m p h a s i s   f r o m   i n d u s t r i a l   t o   r e c r e a t i o n a l   a c t i v i t i e s .   S i m i l a r  

development  on  the  north  shore i s  planned  by B.C. Place. It was t h e   i n t e n t  

o f   t h i s   s t u d y   t o   p r o v i d e  a data  base  for   fu ture  development   proposals .  
111 

L 

P 
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2. METHODS AND MATERIALS 

Transec t   l i nes   were   loca ted  100 m e t r e s   a p a r t   o v e r   t h e   e n t i r e  

False  Creek  water  body  (Figure 1). A c o r e   s t a t i o n  was e s t a b l i s h e d   a t  each 

t r a n s e c t   i n t e r s e c t i o n .  One hundred   f ou r teen   s ta t i ons  were s u c c e s s f u l l y  

sampled;  two  stat ions  were  not  completed  because  of  coarse  sediments and 

1 ogs. 

2.1 F ie ld   Procedure - 
Sediments  were c o l l e c t e d   w i t h  a WINK V I B R A  CORER. The Wink V i b r a  

C o r e r   c o n s i s t s   o f  a c o r e   t u b e   d r i v e n  by a s o n i c   d r i l l  head which  produces 

12,000 v i   b r a t i o n s   p e r   m i n u t e .  The c o r e r  i s  designed t o  pass  through a1 1 

l a y e r s  o f  unconsol idated  sediments t o   r e f u s a l .  

The core   tube was f i t t e d   w i t h   p l a s t i c  1 i n e r s   t o   m a i n t a i n  each 

c o r e   i n t a c t   p r i o r   t o  subsampl i ng. Upon r e t r i e v a l  , samples  were  decanted, 

c o r e s   ( w i t h   l i n e r s )  were   p lugged   w i th   s toppers ,   marked   f o r   i den t i f i ca t i on  

and  frozen. A t  s t a t i o n s  where  samples  could  not   be  a t ta ined  by  cor ing,  

sur face   sed iments   were   co l lec ted   w i th  a Ponar  Grab  Sampler  by EPS 

personnel . 
2.2 Subsampling  Procedures 

Cores  were  subsampled t o   i n s u r e   t h a t   d i s c r e t e   s e c t i o n s   o f   b l a c k ,  

grey and i n t e r f a c e  1 ayers  were  co l l   ected.  A p h y s i c a l   d e s c r i p t i o n   o f  each 

sample was n o t e d   o n   c o l   l e c t i  on. A 10-15 cm sample was removed from  each 

1 eve1 ( F i g u r e  2) .  Each core  was s p l i t   l e n g t h   w i s e ;  one-ha1 f was removed 

and s t o r e d  as a rch i ve   ma te r i  a1 ; the   remainder  was sub -d i   v i ded   f o r   phys i ca l  

and  chemical  analysis. The ou te r   one -quar te r   i nch  of each  core, i n   c o n t a c t  

w i t h   t h e   c o r e  1 i n e r ,  was rese rved   f o r   phys i ca l   ana lys i s .   (Da ta  was 

c o l l e c t e d   f o r   s t r u c t u r a l   i n f o r m a t i o n   b y   K l o h n   L e o n o f f  and i s   t h e r e f o r e   n o t  

i n c l u d e d   i n   t h i s   d a t a   r e p o r t . )  The remaining  sample was removed t o  an a c i d  

washed beaker , m i  xed w i t h  a t e f l o n   s t i   r r e r  and subd iv ided   f o r   me ta l  and 

organic  analysis.   Metal   samples  were  stored i n  paper  soi 1 bags; o rgan ic  
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A. CORE CROSS-SECTION 
( 4 cm- diometer) 
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FIGURE 2 SUBSAMPLING  PROCEDURES 
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samples  were s t o r e d   i n  hexane washed aluminum f o i l  wraps. All samples  were 

ma in ta ined   a t  -20°C p r i o r   t o  1 abo ra to ry   ana lys i s .  

2.3 Analy t ica l   Procedures 
Ana ly t i ca l   p rocedures  f o r  t race   me ta l s   i n   sed imen ts   a re   g i ven   i n  

Appendix 11. Cer t i f i ed   re fe rence   sed imen ts   were   i nc luded   rou t i ne l y   du r ing  

t h e   a n a l y s i s  o f  sediments  samples. A complete  heavy  metal  scan was 

conducted  on  each  core  sample;  however,  results  for cadmium (Cd),  mercury 

(Hg) , l e a d  (Pb)  , arsenic  (As),   copper  (Cu) , z inc   (Zn)  and  chromium (Cr) 

o n l y  were  tabu1  ated. 

Organic   analyses  were  completed  for   po lych l   or i   nated  b iphenyl  

(PCB), pentachlorophenol  (PCP),  and te t rach lo ropheno l  (TCP). A n a l y t i c a l  

procedures f o r  o rgan ic   ana lyses   a re   g iven   in   Append ix  I I I .  
Y 
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3. RESULTS 

Sed iment   chemis t ry   resu l ts   a re   p resented   in   Tab le  1. The t a b l e s  

a l s o   i n d i c a t e   d e p t h   i n   t h e   c o r e   a t   w h i c h   t h e  sample was removed ( o r  grab 

sample). 

A n a l y t i c a l   r e s u l t s   f o r   t h e   r e f e r e n c e   s e d i m e n t  used by t h e  DOE/DFO 

West Vancouver Laboratory   are  presented i n  Table I I ,  
Graph ic   p resen ta t i on   o f  cadmi um and mercury  concentrat ions i n  

excess o f  ODCA regu la ted  1 i m i t s   a r e  shown i n   F i g u r e s  3 and 4. 
Lead c o n c e n t r a t i o n s   i n   s u r f a c e   l a y e r   o f   b e n t h i c   s e d i m e n t s   a r e  

presented i n   F i g u r e  5. 

The re1   a t ionsh ip   be tween  sed iment   co lour   in   the   cores  and  cadmi urn 

concent ra t ion   (expressed as  above o r   b e l  ow 0.6 ppm t h e  ODCA regu l   a ted  

l i m i t )   i s  shown i n  Appendix I .  



- 8 -  

ACKNOWLEDGEMENTS 

The authors  would 1 i k e   t o  acknowledge  the   e f fo r ts  and 

c o - o p e r a t i o n   o f   t h e   s t a f f  o f  DOE/DFO West Vancouver  Laboratory  and  of   the 

B.C. M i n i s t r y  o f  Environment  Laboratory,  and o f   K lohn  Leonof f   Consu l tan ts  

Ltd. Thanks i s  a l s o  due t o  B.C. P lace   L td .   fo r   fund ing   the   sample  

c o l l e c t i o n ,  and s p e c i f i c a l l y ,  R. Waters,   Environmental   Consul tant t o  B.C. 

P l a c e   f o r   h i s   t i m e  and e f f o r t   i n   t a b u l a t i n g   d a t a  and a s s i s t i n g   i n  sample 

c o l l e c t i o n .  

'W 



- 9 -  

TABLE 1 SEDIMENT ANALYSIS  RESULTS 

Legend 

A1 1 resul ts   are   reported as  ug/g  dry  weight (ppm) o f  t h e   f i n e  

f r a c t i o n  ( <  100 mesh). A l l  depths  are i n  meters  below  water  sediment 

interface.  Percent  moisture i s  shown as %. 
Sediment Descript ion 

6 - Black 

Br - Brown 

G - Grey 

o - organic 

s i  - s i l t  
sd - sand 
g - gravel 

sh - shel l  
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TPBLE 1 FALSE CREEK - SEDIRNT ANALYSIS ESIlTS 

SCHWLE I &  I1 SLBSTANXS 
NMmR - E m  1982 
(Continued) 
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2.3-2.7 

0-.3 

1.9-2.1 

G.3 

0.7-.9 

0- -35 

.7 

1.4 

1.7 

2.7 

G.3 

.3-.J5 

2.5 

< .3 
< .3 
< .3 
< .3 

1.3 

< .3 
< .3 
< .3 

3.0 
3 .O 

< .3 
< .3 

1.6 
1.6 

< .3 
< .3 

< .3 
< .3 
< .3 
< .3 
2.4 
2.4 

< .3 
< .3 
< .3 
< .3 

1 .o 
1 .o 
.3 

< -3 

1.23  267 < 8 

.16 10 < 8 

.05 ( 3  < 8  

.05 ( 3  < 8  

.03 ( 3  < a  

1.11 1% < 8 

.ll 7 < a  

.05 < 3  < 8  

.05 < 3  ( 8  

1.03 583 < 8 
1.05 579 < 8 
.12 < 3 < 8 
.10 4 ( 8  

.6J 275 < 8 

.68 279 < 7 

.03 < 3 < 8 

.03 < 3  < 8  

.15 18 < 8 

.16 15 < 8 

.17 5 ( 8  

.ll 5 < 8  

.95 164 < 8 
1.10 154 12 

.09 < 3  ( 8  

.07 4 ( 8  

.10 < 3 < 8 

.OJ < 3 < 8 

2.22  153 < 8 
2.15 149 < 8 
.m ( 3  ( 8  
.06 ( 3  ( 8  

193 

28.3 
37.5 
38.2 
55.2 

135 

18.3 
41.6 
43.1 

223 
217 
47.3 
48.1 

164 
163 
26.3 
26.0 

42.9 
40.6 
45.5 
46.8 

146 
143 

7.6 
8.8 

29.8 
26 .O 

117 
115 
30.5 
31.1 

937 

70 
68.3 
70.6 
96.4 

498 

48.5 
81.8 
77.2 

1060 
1050 

91.7 
90.9 

864 
870 
68.4 
66.5 

89.3 
87.2 
97 -0 
98.0 

351 
350 

31.2 
35.3 
59.3 
56.4 

379 
375 
73.1 
72.4 

.a7 .039 

66.0 .85  .033 ,050 

24.3 
34.3 
35.6 
23.2 

52.2 

19.4 
20.1 
20.6 

97.2 
95.7 
41.8 
41.3 

63.3 1.1 
62.2 
29.3 
29.7 

29.2 < .02 < .002  .a33 
29.4 
49.1 
50.4 
58.6 < .02 < .@X? < .@X? 
56.9 

7.7 < .02 < .an < .o@ 
10.6 
29.1 
27.2 

58.8 .29 .010 .m 
57.7 
23.4 < -02 < -0U2 < *m 
24.4 

Continued.. . 
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TPBLE 1 FALSE CREEK - SEDIENT AN(\LYSIS RESUE 
SCHWLE 1 & I1 UBSTAFIXS 
NDM1.BER-DEcD.BER1982 
(Continued) 

11 

1P 

13 

134 

14 

15 

16 

1 F  

1 P  

01 
02 
03 

01 

01 

02 

03 

04 

01 
02 
03 
04 

1 
2 

3 

01 
02 
03 

01 
02 
03 

01 

01 
02 

0-.3 
.3-.55 
1-1.25 

0- .25 
(estimate) 

0-.3 

1 .o 

2.7-3.0 

3.8 

G.3 
.3.7 
.7-1.0 

1.4-1.7 

0-.3 
0.8-1.1 

2.85-3 

0- .25 
.25-.50 
5 . 7 5  

0- .25 
.25-.w 
5 . 7 5  

0- .25 
(estimate) 

surface 
T i l l  

Bm 
Qi 
Qi 

Bo 

Ea 
(.6 m) 
Qi 

Gsi 

Gsi 

S i l o  
Q i l o  

Q i l o l sh  
Qilolsh 

Bo 
Bo 

(to 2.5 m) 
sdlsi 

tb 
Gsdlosi 

Qd 

Bo 
Qi 
Qi 

Ea 

Bo 
Gsilsd 

< .3 
< .3 
< .3 
< .3 

2.1 

1 .o 
.5 

< .3 
< .3 
< .3 
< .3 
< .3 

< .3 
.4 

3.6 
< .3 

2.6 
< .3 
< .3 
< .3 
< .3 

3.1 
< .3 
< .3 
< .3 

3.3 
< .3 
< .3 
< .3 

1.6 

2.1 

.52 

.09 

.05 

.05 

0.44 

.42 .38 

.07 

.07 

.ll 

.12 

.08 

-17 
.39 
.81 
.20 

.78 

.70 

.70 

.02 

.03 

1 .of3 
.76 
.05 
.w 

1.13 
.05 
.07 
.07 

0.31 

0.5 

89 
( 3  
< 3  
( 3  

415 

137 
124 
< 3  
< 3  
10 
26 

( 3  

19 
141 
341 
14 

252 
84 
86 

( 3  
( 3  

257 
60 

< 3  
< 3  

231 
5 
4 

( 3  

258 

285 

83.9 
60 .O 
30.0 
30.7 

223 

123 
80.3 
20.7 
21.5 
34.6 
35.7 
48.9 

361 
351 
379 
402 

155 
88.1 
88.4 
15.5 
15.4 

179 
65.5 
25.5 
26.1 

144 
29 .o 
31.1 
33.8 

163 

173 

202 
93.4 
58.1 
57.6 

905 

376 
327 
42.5 
42.8 
85.7 
93.3 
86.0 

85.9 
203 
520 
93.4 

853 
281 
286 
34.5 
33.5 

815 
159 
62.6 
62.4 

1170 
61.4 
55.9 
50.6 

552 

688 

40.8 
42.7 
31.2 
31.5 

89.7 

48.6 
44.9 
22.3 
22.7 
29.5 
30.1 
20.9 

41.7 
40.5 
50.1 
38.5 

71.5 
46.4 
48.2 
13.9 
13.9 

71.3 
36.7 
20.8 
21.4 

63.8 
19.7 
19.7 
19.0 

67.4 

80.2 

2 7  

< .02 

.07 
< .02 

.070 

< .al2 

.M3 

.Mx 

Y 
Continued... 
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STN sl6- E P M  OESCKIPTION 
SPrpLE M cd Nl F b k  cu zn cr PCB TCP PCP 

1Y 01 0- .25 Bo 4.5 1.2 681  9 246 1830 114 .a3 .018 .072 
M .&.XI W s i  5.8  .75  193  10 158 llW 71.4 
03 .75-1 .O (3sd < .3  .I2 < 3 < 8 26.7  65.7  22.2 

< .3 .11 < 3 < 8 24.8  61.2  20.9 

2u 1 0- 2 5  Bo 3.4 1.11 354 8 189  1280 95.5 .45 .m .040 
( *6 m) 3.4  1.10 3!3l 12 190  1280  92.8 

2 .9-1.16 cbi /a < .3 .08 < 3 < 8 28.9  71.3 33.1 
< .3 .@j < 3 < 8 29.3 68.4 29.3 

21 1 0- .3 tkl 4.5 1.42 3 3  22 186 12So 95.0 
( .33 m) 4.6 1.37  343 17 181 1270  93.7 

2 .4- .55 cbi < .3 .a < 3 < 8 25.6 m.8 29.7 
< .3 .07 < 3 < 8 25.1 67.6 B.l 

22 *01 0- .25 Bo 1.4 0.07 274 < 8 168  515  74.6 
.25-.50 a / s i / o  

23 surface Grd S M A L L   S A M P L E  

24 01 b.12 Bo 5.2 1.51  297 < 8 160 8!% 83.9 .18 .a% .012 
5.2 1.52 292 < 8 168 905 83.9 

02 .12-.28 @si < .3 .26 19 < 8  28.8 81.4  26.1 < .@ < .W < .W 
< .3 .Z3 17 < 8 27.9 86.3  26.1 

03 .%.%I < .3 .06 < 3 < 8 18.1 45.9  23.9 
< .3 .lo < 3 < 8 18.7 49.4  23.8 

25 01 G.3 Bo 5.6 2.08 264 < 8 217 485 76 
M .8-1.07 Bo < .3 .25 22 < 8 40.5 49.7 30.7 

26 01 0- .3 Qi < .3 .!jg 54 < 8 59.1 133  35.4 
< .3 e67  51 < 8 65.4 135 34.3 

02 U.S.6 W9r < .3 .B 13 < 8 35.3 72.1 27.8 
03 O.b.9 d/gr < .3 .a < 3 < 8 17.1 35.7 17.1 

27  01  0.7-.9 Bo 1.4  .45  112 < 8 66.5  371 36.5 .10 .m .010 
(1.03 m) 1.4 .46 106 < 8 64.5 352  36.8 

M 1.55-1.8 Qi < .3 .19 < 3 < 8 13.2 38.1  16.0 
< .3 .17 < 3 < 8 11.5 35.8 14.1 

2714  01  0-.3 B o s i  5.1 3.5 433 8 214 lDB0 110 
02 0.86-1.15 Si < .3 .2 19 < 8 52.7  141  56.8 

Continued... 
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28 

29 

30 

31 

32 

33 

34 

35 

03 
04 
05 

01 

02 

Bag 
s m p l  e 

01 
02 

01 
02 
03 

04 
05 

01 

02 

01 
02 
03 

01 
02 
03 

01 

02 

03 

1.15-1.45 
1.45-1.75 
1.75-2.0 

0- .25 

-97-1 -22 

Surface 

0- .25 
.4 

G.l 
.16-.32 
.32- .48 

5.7 
1.55-1.73 

G.15 

-3 

0- .3 
1-1.25 

1.651.9 

0-.3 
1-1.25 

1.3-1.55 

0- .4 

1.9-2.15 

2.5-2.75 

< .3 
< .3 
< .3 

< .3 
< .3 
< .3 
< .3 

20.3 
< .3 

< .3 
< .3 
< .3 
< .3 
< .3 
< .3 

< .3 
< .3 
< .3 

3.8 
< .3 
< .3 

1.7 
< .3 
< .3 
< .3 

1.1 
1.3 

< .3 
< .3 
< .3 
< .3 

.19 

.18 

.31 

.OB 

.OB 

.OB 

.07 

6.5 
.07 

.32 

.14 

.14 

.14 

.12 

.18 

.20 

.23 

.15 

1.32 
0.21 
0.09 

1.07 
.15 
.07 
.07 

.43 

.44 

.OB 

.OB 

.07 

.07 

5 < 8 34.4 
16 < 8 31.9 

220 < 8  108 

< 3 < 7 17.8 
< 3 < 8 17.6 
< 3 < 8 48.5 
< 3 < a  48.3 

S M A L L   S A M P L E  

239 
14.4 

87.1 
57.8 
53.9 
57.1 
24.9 
25.3 

18.5 
20.7 
49.4 

155 
39.1 
30.4 

126 
20.6 
18.5 
17.8 

231 
230 
29.8 
31.3 
49.4 
49.3 

77.4 
76.2 
198 

39.3 
40.2 
82.6 
81.9 

599 
36.7 

loo0 
101 
89.1 
91.8 
45.6 
49.7 

70.9 
69.2 
91.5 

562 
88.2 
58.5 

341 
55.6 
34.9 
35.4 

501 
479 
54.5 
54 .O 
86.9 
86.8 

39.8 
35.8 
33.3 

16.9 
17.3 
27.5 
27.7 

68.5 
13.6 

47.9 
37.4 
25.1 
28.4 
18.9 
23.6 

16.3 
17.2 
22.1 

69.9 
41.9 
25.5 

53.3 
22.8 
19.7 
18.1 

45.7 
45.1 
28.0 
27.5 
26.7 
26.6 

II, 

< .02 .006 ,011 

Corhinued... 
Ir 
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01 

02 

03 

01 

02 

03 

04 

01 
02 
03 

01 

01 

02 

03 

05 

06 

01 
02 

03 

04A 

0- .45 

1.1-1.35 

2 .05-2.3 

0- .2 

-2- $4 

-4-  -65 

1.55-1.8 

0- .3 
.3-.55 
1.1-1.35 

0- .35 

0- .4 

1.1-1 -3 

2 -2-2 -5 

3.7-4.0 

5.-5.3 

0- .33 
.7 

1.7 

2 .O 

Bo 

Qi 

Si 

tl, 

Si 

Si 

Si 

Bro 
Gsd 
Gsd 

Qi 

Bo 
(0.8 m) 
(jsi 

W s h  

Si 

Qi 

Bo/sh 
Qi 

ai 

Si 

1 .o 
1.3 

< .3 
< .3 
< .3 
< .3 

2.2 
2.5 

< .3 
< .3 
< .3 
< .3 
c .3 
< .3 

< .3 
< .3 
< .3 
< .3 

< .3 
< .3 

.3 

.4 
< .3 
c .3 
< .3 
< .3 
< .3 
< .3 
< .3 
< .3 

0.4 
< .3 
< .3 
< .3 
< .3 

.45 

.41 

.OB 

.m 

.a3 

.OB 

.63 

.55 

.10 

.09 

.oY 

.07 

.17 

.18 

.66 

.I3 

.10 

.10 

.15 

.16 

.23 

.23 

.OB 

.OB 

.10 

.a3 

.OB 

.07 

.OB 

.OB 

.22 

.12 

.12 

.10 

.ll 

131 
129 
47.9 
9.3 
47.4 
47.2 

199 
201 
41.7 
40.4 
57.7 
57.9 
50.9 
50.9 

60.4 
26.9 
19.5 
17.5 

40.1 
39 .8 

119 
128 
29.7 
29.7 
39.4 
39.2 
45.1 
43.9 
44.9 
43 .8 

32.3 
41.5 
42.9 
43.7 
43.0 

S M A L L   S A M P L E  

377 
376 
77.7 
83.7 
74.4 
74.1 

734 
736 
88.5 
86.2 
83.3 
83.6 
75.1 
75 .O 

126 
48 
40.2 
39.7 

92.2 
96.6 

235 
249 
53.7 
53.5 
65.1 
64.6 
74.3 
73.5 
74.5 
13.9 

101 
75.8 
76.5 
77.3 
75.6 

58.3 
58.1 
38.0 
33 .a 
43.0 
43.9 

80.8 
81.2 
35.2 
33.2 
42.1 
43.0 
41.7 
41.7 

34.9 < .02 ,002 .003 
20.8 
18.7 
17.9 

28.7 
28.6 

34.0 
33.9 
28.6 
28.6 
33.8 
32.2 
42.3 
42.4 
40.9 
42.3 

23.9 
33.3 
40.7 
37 .o 
36.3 

Continued... 
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TABLE 1 FALSE CREEK - SEDIKNT W Y S I S  RWLTS 
s c H D u L E I B I I s I s s T A N ; E s  

(Continued) 
NlVWER - D E M R  1982 

41 

42 

43 

44 

4% 

46 

47 

48 

49 

01 

a?A 
02 

01 

02 

03 

w 

01 

M 
03 
w 

01 
02 
03 

+* 01 

+* 01 

01 

02 

01 
02 

01 
02 
03 

0- .3 

-67-1 -0 
1 .05-1.35 

0- .75 

1.13-1.37 

1.42-1.82 

2.42-2.62 

0- .3 

.5- .7 

.7-.9 
1.S1.6 

0- .3 
.3- .55 
-6-23 

Surface 

Surface 

0-.3 

1.25-1.5 

0- .35 
.75- .9 

0-.3 
.3- .6 
-6- .75 

Bo 
(0.4 m) 
Qilsd 
hi 

Bo 
( 1.13 m) 
Qi 

sh/sd 

9 

Bo 

Bi 
Qi 
Bi 

Bo 
Wlsi 
Wlsi 

w 

Bo 

Bo 

si /sd/gr 

&-/a 
cad 

Bo 
M J 9  
Wls i  

1.1 
1.2 

< .3 
< .3 
< .3 

2.2 
2.1 

< .3 
< .3 
< .3 
< .3 
< .3 
< .3 

< .3 
< .3 
< .3 
< .3 
< .3 
< .3 

< .3 
< .3 
< .3 

0.9 

0.6 

1.9 
1.9 

< .3 
< .3 

< .3 
< .3 

< .3 
< .3 
< .3 

.46 

.56 

.w 

.10 .v3 

.62 

.54 

.% 

.91 

.19 

.17 

.17 

.17 

.27 

.28 

.15 

.14 

.06 

.06 

.63 

.05 

.w 

.a 

.37 

.73 

.55 

.11 

.10 

.12 
-13 

.23 

.w 

.05 

133 
1J) 
< 3  
< 3  
( 3  

241 
238 
47 
48 
7 
12 
< 3  
< 3  

59 
60 
< 3  
( 3  
< 3  
< 3  

260 
< 3  
( 3  

159 

217 

218 
219 
( 3  
( 3  

< 3  
( 3  

117 
< 3  
( 3  

105 
98.3 
39.9 
53.0 
52 .O 

162 
163 
60.6 
61.5 
22.2 
22.4 
24 .O 
22.6 

75.1 
77 
56.1 
46.3 
42.7 
43.6 

127 
31.7 
29.3 

111 

171 

149 
154 
25.9 
27.3 

25.5 
16.1 

87.1 
18.1 
17.5 

33 
289 
67 
77.7 
82.2 

693 
68!j 
134 
135 
42.4 
42.1 
44.7 
44.7 

198 
m 
76.1 
70.4 
73.9 
75.8 

478 
85.5 
73.5 

395 

453 

571 
57 1 
59.7 
60.1 

57.1 
33.9 

256 
39.1 
41.4 

48.6 
48.7 
36.5 
40.3 
42.3 

76.6 
75.1 
41.2 
41.6 
20 .O 
19.1 
29.7 
3.1 

44.6 
45.9 
42.5 
45.2 
20 .? 
21.6 

41.8 
24.8 
24.6 

51.4 

72.3 

70.6  0.12 .m .018 
70.2 
28.2 
28.0 

23.1 
19 

38.9 
17.9 
18.7 

Continued... 
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STN SLB- EPTH DESCRIPTION 
*E M cd 47 R I P S  cu zn cr Fa TCP PCP 

50 

51 

52 

53 

54 

55 

56 

57 

01 

01 

M 

u3 

04 

01 

02 

01 

02 

01 

02 

03 

01 

M 

03 

01 

02 

01 
02 

0- .3 

0- .20 

OA.6 

0.6.8 

O.S.95 

0-2 

.2-.35 

0- 2 5  

2 5 . 5  

G.30 

.7 

1.5 

0- .25 

.5 

1.3 

e . 3  

1.15-1.4 

0- 2 5  
.25-.35 
.35-.5 

Brsd 

Bo 
(0.4 m) 
W / s i  

Qd/si 

Cai 

Bo 

Qi 

ea 
(0.1 m) 
Gai 

Bi/a 

sh 

Qi 

si/sh 

sh 

Qi 

Bo 
(0.5 m) 
Qi/sd 

Bo 
sh 

WI 

< .3 
< .3 

2.8 
2.8 

< .3 
< .3 
< .3 
< .3 
.3 

< .3 

0.8 
0.8 

< .3 

< .3 
< .3 
< .3 

2.3 
2.4 

< .3 
< .3 
< .3 
< .3 

0.4 
0.5 

< .3 
< .3 
< .3 
< .3 

< .3 
< .3 
< .3 
< .3 

2.0 
< .3 
< .3 

.OB 

.12 

.88 

.87 

.15 

.17 

.ll 

.ll 

.16 

.17 

2.41 
1.78 
0.55 

.17 

.% 
1.16 

1.05 
1.13 
.08 
.06 
.09 
.OB 

.34 

.XI 

.06 

.07 

.08 

.09 

.38 

.41 

.16 

.17 

.7 

.ll 

.ll 

( 3  
( 3  

320 
316 

4 
6 

< 3  
< 3  
( 3  
( 3  

154 
158 
29 

47 
46 

( 3  

321 
390 
17 
6 

( 3  
( 3  

31 
33 
5 
4 

< 3  
< 3  

58 
57 

( 3  
< 3  

161 
8 
7 

19.7 
18.2 

201 
200 
11.6 
12.4 
10.7 
14.3 
20.1 
20.4 

129 
133 
32.6 

61.6 
60.4 
68.1 

118 
120 
14 .O 
3.2 

37.1 
42.2 

52.4 
51 .O 
22.5 
18.4 
15.2 
14.4 

70 .O 
72.6 
26.8 
26.7 

135 
31.8 
31.2 

55.6 
48.7 

791 
791 
32.7 
34.1 
25.2 
25  .9 
51.1 
58.8 

409 
406 
88.7 

157 
162 
86.1 

484 
549 
11.3 
8.8 

62.2 
70.1 

218 
116 
47.3 
38.6 
37.3 
36.6 

173 
177 
59.8 
59.4 

493 
69.3 
70 

20.9 
17.8 

78.1 
75.8 
12.4 
13  -6 
12.9 
11.2 
24.1 
25.6 

60.4 
59.1 
25.2 

47.8 
48.6 
46.2 

45.6 .10 .012 ,022 
48 .O 
3.7 < .a < .an < .w 
5 .o 

33.8 
32.9 

44.7 
39.4 
19.8 
15.1 
17.9 
15.9 

41.6 
39.9 
25.1 
26 .O 

60.9  0.10 .m7 .016 
35.2 < .@ < .w < .m 
35.6 
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58 01 0-.a Bo 1.4 .93  201 12  95.6 313  33.1 
1.3 .94 187 < 8 79.5 3 2  33.4 

01A .28-.72 WJsi < .3 .07 4 (8 12 33.3  15.7 
023 1.5-1.7 <.3 .W < 3  < 8  8.4 26.0  12.7 
02 1.7 Wlsi < .3 .06 4 < 8  4.5 18.9  5.9 

<.3 .05 < 3  (8 5.2 20.5  5.0 
034 1 .&2 .o Qi < .3 .07 < 3 < 8 47.4 69.4  48.3 
03 2 .O-2.3 Qi < .3 .13 < 3 < 8 41.5 64.6 36.0 

< .3 .13 < 3 < 8 47.3 73.4  39.6 
04 < .3 .07 < 3 < 8 3.3 55.6  35.0 

5% 01 
02 
03 
w 

< .3 .18 25 < 8 27.2 70.5 28.8 
< .3 .08 9 < 8 37.0 78 41.2 
< e3 -07 9 < 8 30.4 68 35.2 
< .3 .a < 3 < 8 22.4 45.5 26.6 

59 01 0-.30 Bo 2.8 .94 199 8 153  422  65.4 < .M .m .w3 
2.6 .84 182 21  147 386 60.5 

02 .7 silsh <.3 .C6 ( 3  < 8  7.6 26.9 8.3 
.5 .12 < 3 < 8 13 35.5 14.5 

03  2.0-2.3 Si < .3 .lo < 3 < 8 49.6 88.2 23.5 
< .3 .09 < 3 < 8 43.3 86.9 22.3 

60 01 0- .3 Qi 1.0 .53 99 < 8 89.9 233  41.6 
1.3 .53  103 < 8 93.2 241  43 .O 

02 .6-.9 G a i  < .3 .OB < 3 < 8 15.5 38 16.7 
< .3 .OB < 3 < 8 15.5 37.3  17.5 

61 01 0- .5 Bo < .3 .37 117 < 8 122 338 57.5 
02 .5-.75 Bsi .3 .07 < 3 < 8 41.8 92.2 34.4 

62  01 0-.3 B o s i  < .3 .25 73.0 < 8 71.8 201 46.8 
M .3-.6 Brsilsd < .3 .05 < 3 < 8 24.0 64.1 32.1 

63 01 0- .44 Bbilnd 1.0 .1 31 < 8 34.4  112  24.2 .a .006 .m 
01A < .3 .07 < 3 < 8 24.3  51.3  26.9  .20 .010 .013 
02 1.1 Qi 0.6 .06 6 < 8 24.1  45.3  27.2 
MA .4 .@I 4 < 8 20.6  33.8  19.2 
03 2.1 Qi/sh < .3 .05 6 < 8  9.9  20.8  12.7 
05A < .3 .05 < 3 < 8 54.8 76.0  37.9 
06 3.5 Gai Jsh < .3 .ll 12 < 8 51.6  79.7  53.8 

Continued... 
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TABLE 1 FALX CREEK - SEDIFZNT AN(vYSIS RESITS 

so1EDuLE I & I1 . s m T m s  
N)\ID.BER - D E C D 5 E R  1982 
(Ccntinued) 

64 

65 

66 

67 

68 

69 

70 

01 

02 

03 

01 

02 
03 

01 
02 

01 
02 
03 
04 
w 
06 
07 

01 

02 

03 

04 

05 

01 

02 
03 

01 
02 

0- .3 

.54-.79 

1.W2.16 

0- .25 
25-.5 

3.45-3.75 

0- .a 
. x . 5  

0- .3 
0.7- 
1.5- 
2 2- 
3 .0- 
3.2- 
4.5- 

0- .15 

1.1-1.24 

2 -2-2 $45 

3.53-3.6 

4.3-4.55 

0- .25 

.52-.87 
1.83-2.12 

0- .3 
.3-.55 

Bro 

Qi 

Si 

Bo 
(to .15 m) 

S i  
Qd 

Bo 
Br Si/W 

Bo 
W s h  
W s h  
W/sh  
sdlsh 
sd/sh 
Qri 

Bo 

(isi 

Cai 

(ki  

S i  

Bo 

Qi 
Si 

Bo 
Qi 

< .3 
< .3 
< .3 
< .3 
< .3 
< .3 

.4 

.6 

.4 
< .3 

< .3 
< .3 

1.6 
< .3 
< .3 
< .3 
< .3 
< .3 
< .3 

1.2 
1.2 

< .3 
< .3 
< .3 
< .3 
< .3 
< .3 
< .3 
< .3 

1.8 
1.5 

< .3 
< .3 

< .3 
< .3 

.16 10 < 8 

.I6 9 ( 8  

.09 < 3  < a  

.09 < 3  ( 8  

.12 < 3 < 8 

.12 < 3 < 8 

.34 98 ( 8  

.35 95 ( 8  

.I1 5 < 8  

.06 ( 3  ( 8  

.09 20 < a  

.05 ( 3  < 8  

.56 134 < 8 

.ll 11 < 8 

.C6 < 3  < 8  

.07 5 < 8  

.I2 17 < 8 

.OB 4 < 8  

.w < 3  < a  

.57 159 9 

.% 163 10 

.G9 c 3  < 8  .E4 ( 3  < 8  

.ll < 3 < 8 

.ll < 3 < 8 
A9 ( 3  ( 8  
.OB ( 3  ( 7  
.07 < 3 < 8 
.06 < 3  < 8  

.% 135 < 8 

.59 133 < 8 

.03 < 3 < 8 

.07 < 3 < 8 

.E6 61 < 8 

.49 52 < 8 

37.8 
36.2 
53.4 
55.3 
46 .& 
47.1 

120 
118 
33.4 
52.Y 

41.1 
28.2 

116 
27.4 
14.0 
21.8 
18.8 
6.9 

23.3 

181 
173 
33.5 
33.7 
52.2 
52 .O 
46.1 
45.6 
35.5 
36.1 

146 
140 
50.8 
25.9 

80 
55.2 

72.5 
71.5 
79.4 
82.4 
88.7 
89.7 

333 
333 
50.9 
80.4 

120 
61.5 

515 
49 
35.7 
42.5 
35.2 
20.8 
47 .? 

444 
450 
63.9 
63.7 
81.8 
81.1 
75.9 
75.4 
68.2 
69.2 

450 
448 
89.7 
57 -5 

183 
86.1 

33.3 
32.2 
41 .O 
43.5 
23.3 
24 .O 

40.7 < .a .a% .m 
40.7 
26.9 
44.4 

37 .o 
30.4 

59.6 
26.1 
19.6 
23.6 
22.1 
18.6 
30.5 

64.5 
65.3 
34.1 
35.3 
43.1 
42 .a 
45.7 
43.8 
19.7 
19.6 

60.9 
62.8 
23.7 
30.6 

40.9 
28.0 

Continued... 
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TPBLE 1 FALSE CREEK - SEDIEEM ANALYSIS W T S  
YXCULE I 8  I1 SLBSTANXS 
MID.BER - EWER 1982 
(Gmtinueu) 

w 

71 

72 

73 

74 

75 

76 

03 
04 

01 
02 
03 
04 
05 
06 
08 

01 

02 

03 
04 

05 

01 

02 
03 

04 
05 

01 
02 
03 
04 

01 

02 

01 

02 

.55- .8 
8-1.1 

0 
.3 
.7 
.9 
1.4 
1.7 
4.3 

0-0.15 

0.15-.3 

2.7-2.9 
3.65-3.9 

0- .25 

.35-.5 
1.45-1.7 

2.56-2.81 
3.75-4.02 

0-25 
.%-.XI 
.50-.85 
.85-1.05 

0- .20 

.5 

0 - 3  

.8 

h i s d s h  
Qsi 

Bo 
Bo 

s i lsh  
s i  /sd 
si/sd 
si/sd 
si lsd 

Bo 

si lsd 

si lsd 
silsdly 

tro 

Bo 
(0.35 m) 
&si 
Gsi 

Gsi 
Qi 

Bo 
Qsilsd 
&i/sd 
Qi/d 

Bo 

si/sd 

Bo 
(3.5 m) 
Qi/sd 

< .3 
< .3 

2.0 
0.8 

< .3 
< .3 
< .3 
< .3 
< .3 

1.3 
1.3 

< .3 
< .3 
< .3 
< .3 
< .3 
< .3 
< .3 

< .3 

< .3 
< .3 
< .3 
< .3 
< .3 

< .3 
< .3 
< .3 
< .3 

0.6 
0.6 

< .3 
< .3 

3.3 
3.3 

< .3 
< .3 

.D3 

.06 
1.04 
1.01 
.28 
.32 
.03 
.a 
.r2 
.E¶ 
.85 
.l2 
.14 
.14 
.13 
.09 
23 
.22 
.44 

.ll .I% 

.06 

.05 

.06 

.49 

.a 

.a 

.a 

.36 

.48 

.ll 

.12 

.72 

.73 

.11 

.10 

10 
< 3  

132 
168 
9 
7 
10 
3 

< 3  

129 
131 
( 3  
( 3  
( 3  
< 3  
( 3  
32 
35 

133 

9 
( 3  
< 3  
( 3  
(3 

143 
< 3  
< 3  
< 3  

41 
42 
< 3  
< 3  

177 
181 
( 3  
< 3  

25.9 
23.2 

73.1 
92.7 
16.2 
31 .O 
37.9 
12.7 
56.3 

157 
160 
29 .O 
28.4 
49.6 
47.9 
51.5 
61.2 
63.8 

182 

35.5 
37.4 
37.7 
54.4 
43.1 

124 
38.9 
67.4 
57.7 

41.6 
41.1 
13.3 
13.3 

145 
184 
22.7 
19 .o 

51.5 
50.1 

177 
212 
31.5 
60.8 
69.3 
36.5 
77.6 

373 
388 
58.6 
58.6 
74.7 
71.9 
a? .6 
163 
170 

435 

69.4 
60.6 
61.3 
78.6 
78.1 

753 
77.6 
76.4 
82.8 

92.6 
91.1 
33.5 
35.7 

514 
515 
51 
47.8 

24.3 
21.0 

27.4 
23.7 
21.3 
34.3 
36.3 
22.7 
56.3 

55.6 
57.7 
28.3 
28.6 
39 
38.5 
24.8 
36.5 
37.2 

60.8 

27.6 
31.9 
33.6 
45.9 
22.3 

62.6 
45 -8 
36.9 
31.5 

20.9 
25.6 
15 .O 
15.3 

65.7 
65.0 
22.5 
24.4 

I I  

< .02 .an .m - 
I b  

Cmtinued... I.Iy 
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77 

78 

79 

80 

81 

82 

83 

84 

01 

02 
03 

01 

02 
03 

01 
02 

01 

02 

01 
02 
03 

01 

02 
03 

01 
02 
03 
04 

01 

(M 

02A 

0-25 Bo 

.7- .94 Brsi 
1 .1-1.25 Qi 

(0.7 m) 

0- .20 tlo 

.55- .? Bo 

.95-1.20 Si 

(0.75 m) 

0- .22 Bo 
.22-.43 Bni 

&.35 Bo 
(0.5 m) 

0.6 G sd/g 

0 Bo 
.8 si/sh 

1.8 si/sd/gr 

0- -3 Bo 
(0.7 rn) 

.72-1 .02 si/sd 
1 .a-1.32 (bd 

0- .25 Bo 
.25- .3 fWsh 
1.1-1.25 &si 

0- .37 b/sh 

1.25 Qi 

1.3 

< .3 
< .3 
< .3 

.5 

2.7 
< .3 
< .3 

< .3 
< .3 

< .3 
< .3 
0.8 
0.7 

1.4 
< .3 
< .3 

< .3 

< .3 
< .3 
< .3 

< .3 
< .3 
< .3 
< .3 

0.5 
0.7 

< .3 
< .3 
< .3 

.55 

.a3 

.OB 

.OB 

.47 

.51 

.07 

.06 
0.5 
.06 
.OB 
.a 
.37 
.37 

.48 

.03 

.OB 

.24 

.16 

.os 

.05 

.49 

.16 

.05 

.03 

.23 
2 4  
.06 
.O? 
.04 

89 < 8  109 

< 3 < 8 44.9 
< 3 < 8 54.1 
< 3 < 8 52.7 

144 9 173 

128 14 107 
< 3 < 8 25.5 
< 3 < 8 22.7 

137 < 8 153 
< 3 < 8 34.8 

< 3 < 8 17.2 
8 < 8 18.0 

130 13 120 
103 < 8 129 

162 11 68.1 
< 3 < 8 19.1 
< 3 < 8 35.4 

102 10 119 

24 < 7 36.5 
< 3 < 8 15.4 
< 3 < 8 14.5 

156 < 8 133 
28 < a  56.2 
3 < 8 46.1 

< 3 < 8 31.2 

60 < 8 99.2 
49 < 8 102.0 

< 3 < 8 15.4 
< 3 < 8 22.4 
< 3 < 8 26.0 

266 

16.6 
89.8 
90.5 

679 

445 
63.7 
61.4 

884 
78.5 

52.3 
48.7 

333 
330 

449 
52.9 
75 

290 

63.4 
31.7 
31.1 

133l 
272 
89.2 
83.4 

158 
133 
40.7 
41.8 
58.7 

53.1 < .@ .aJ3 .m 

45.5 
24.2 
25.0 

65 

50.7 
32 .O 
27.5 

67.7 
33.6 

20.9 
21.9 
40.8 
42 

52.9 
25.6 
38.7 

47.3 

25.3 
22.7 
21.6 

66.9 
33.8 
23.2 
23.6 

24.6 
20.3 
18.1 
18.9 
25.7 < .u2 < .ax.! .002 

Cominued.. . 
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TPBLE 

STN SlR DEPTH  OESCRIPTION 

85 

86 

87 

88 

89 

90 

91 

92 

93 

01 

02 
03 

01 
02 
03 

01 
02 
03 

01 
02 
03 

" 

01 
02 

01 

02 

01 
02 
03 

04 

01 
02 

03 
h 9  

01 
02 

03 

0- .25 

.25- .!io 
.bl.o5 

0-.3 
.3-.5 
.7- .9 

.O 

.8 
1.7 

.0- 2 5  
25-55 
.55- .8 

.0- .5 
0.9 
1.9 

.0- .3 

.8 

.O-.15 
.15-.38 
.xi- .64 
.%.sf3 
0-.3 
.3-.55 

.55- .&J 
appm. lm 
.0- .25 
.25.75 

.75t 

.4 .48 152 < 8 146 222 45.6 

.5 .42 168 < 8 142 222 45.4 
< .3 .05 < 3 < 8 18.4 37.8 18 
< .3 .06 < 3 < 8 28.5 54.1 23.9 

< .3 27 141 < 8 143 1330 52.2  .07 .010 
< .3 .84 188 18 132 3460 87.2 
< .3 .07 < 3 < 8 22.9 75.3 27.3 

5.1 2.76 202 < 8 239 1770 51.2 
< .3 .35 135 < 8 324 363 54.9 
< .3 .23 31 < 8 31.0 61.7 30.9 

< .3 .31  61 < 8 49.1 271 29.3 .a .002 
< -3 .09 4 < 8 23.5 60.8 25.1 
< -3 .OB 4 < 8 22.9 48.9 28.0 
< .3 .08 < 3 < 8 23.2 48.3 27.8 

- - - - - - - 
< .3 .03 < 3 < 8 33.0 56.2 41.6 
< .3 A3 < 3 < 8 3.4 58.0 23.6 

< .3 .15 30 20 63.2 105 216  0.19 .002 
< .3 .16 25 < 8 64.3 103 325 
< .3 .13 < 3 < 8 20.9 53.5 26.7 < .02 < .002 
< .3 .12 < 3 < 8 21.2 51.7 25.7 

< .3 0.2 32 ( 8  139 91.8 22.1 
< .3 0.1 < 3 < 8 27.7 59.3 29.2 
< .3 .09 < 3 < 8 24.6 55.4 29.2 
< .3 .08 < 3 < 8 27.6 56.9 31.2 
< .3 .ll < 3 < 8 27.0 5.9 30.2 

< .3 .3 62 (8 128 189 38.2 .02 < .002 
< .3 .20 14 < 8 8.7 61.4 U.l 
< .3 .19  13 < 8 49.6 61.4 19.3 
< .3 .OB 4 < 8 18.1 40.3 23.0 
< .3 .1 14 < 8 31.9 42.5 15.0 

< .3 .25 32 < 8 69.7 107 28.2 
< .3 .OB < 3 < 8 18.5 43.1 20.4 
< .3 .07 < 3 < 8 18.9 43.2 20.6 
< .3 .OB < 3 .<  8 17.9 42.2 22.1 

UI 

W 

.017 

m 

w w  

.007 L 

.cKH 

.002 

.003 

I II 

Y 

Continued... 
w .  
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Y 

I 

94 01 
m 

95 01 
02 
03 
04 

96 01 

02 
03 
04 

97 01 
02 
03 

04 
05 
06 
07 

98 01 
02 

03 
04 

w 

100 b 9  

101  01 
02 
03 

.o- .2 
.25-.5 

.& .35 
.35-.6 

1.4S1.75 
2.35-2.65 

0- .25 

.25-.5 
1 .05-1.35 
2.15-2.45 

.0-.25 
2 5 . 5  
2.3-2.5 

3.5-3.75 
3.75-4.0 
4.0-4.25 

4.25-4.5 

.0-.85 
.85-1.1 

1.1-1 -4 
2 .o-2.2 

Surface 

.o- .5 

.o- .3 

.3-.55 .55- .85 

< .3 
< .3 
< .3 
< .3 

< .3 
< .3 
< .3 
< .3 

< .3 
< .3 
< .3 

.4 
< .3 
< .3 

< .3 
< .3 
< .3 
< .3 
< .3 
< .3 
< .3 
< .3 
< .3 

.8 
1.1 
.9 

< .3 
< .3 

< .3 
< .3 
< .3 

< .3 
.3 

< .3 

.45 

.30 

.x3 

.a3 

.27 

.21 

.OB 

.a 

.28 

.29 

.a .04 .04 

.a 

.06 

.05 

.m 

.05 

.06 

.14 

.10 

.07 

.07 

.87 

.84 

.8J 

.a3 

.06 

.09 

.a3 

.25 

.OB .m 

79 
26 
27 

( 3  

92 
6 

( 3  
( 3  

123 
144 

6 
( 3  
( 3  
( 3  

( 3  
( 3  
( 3  
< 3  
< 3  
41 
11 

< 3  
< 3  

244 
236 
259 
48 

< 3  

( 3  
( 3  

7 

52 
4 

( 3  

171 
61 -5 
58.9 
43.5 

79.1 
17.3 
45.1 
25.8 

122 
124 
11.3 
36.6 
30.7 
30.4 

53.4 
55.8 
48.4 
48.8 
28.6 
31 .O 
26 .O 
17.3 
16.7 

177 
152 
152 
47.8 
32.6 

45.3 
46.4 
68.4 

106 
20.1 
46.3 

224 
102 
99.3 
78.6 

175 
35.4 
71.9 
52.4 

322 
324 
24.4 
64.6 
55.6 
53.2 

78.2 
87.2 
86.1 
85.9 
55.7 
57.5 
51.4 
35.5 
35.4 

482 
473 
474 
72 .a 
61.9 

84.2 
89 .U 
86.1 

152 
54.1 
91.1 

33.6 
33.5 
33.9 
28.1 

27.4 
17.9 
37.4 
22.7 

44.8 .05 .005 .017 
45.4 
12.2 
31.6 
30.1 
29.2 

35.4 
24.9 
23.3 
23.9 
21.5 
25 .O 
27 .O 
22.5 
24.1 

50.9 
49.8 
50 .U 
38.4 
26.7 

27.7 
27.5 
39.6 

33.7 
23.9 
31.6 

Continued... 



102 

103 

104 

105 

106 

107 

108 

109 

110 

01 
u2 
03 
04 

01 
02 

03 
04 

01 

02 

01 
02 

03 
04 

01 

02 
03 
04 

h 9  

01 
02 

01 

02 

01 
02 

03 
04 

.o- .4 

.4-.6 

.6- .9 
3-1.25 

.o- .3u 

.3-.55 

1.1-1.35 
1.55-1.8 

.0-.15 

.15- .42 

.o- .3 
A.55 

.55- .8 
.&1.05 

0- .25 

25.55 
.55-.80 
.&1.05 

Surface 

.o- .56 .56- .& 

.o- .3 

.3- .9 

&.25 
.25-.50 

.50- .a0 
1 .el .7 

< .3 
< .3 
< .3 
< -3 

< .3 
.9 
.8 

< .3 
< .3 

.4 

< .3 
< .3 

< .3 
< .3 
< .3 
< .3 
< .3 

< .3 
< .3 
.5 

< .3 
< .3 
< .3 

< .3 

< .3 
< .3 

< .3 
< .3 
< .3 

< .3 
< .3 
< .3 
< .3 
< .3 

.47 

.OB 

.11 

.OB 

.12 

.06 

.05 

.07 

.04 

.SIB 
1.03 
.OB 
.28 
.05 
.04 
.05 
.05 
.15 
.15 
.42 
.a 
.04 
.04 
.15 

.19 

.15 

.40 

.41 

.06 

.ll 

.15 

.18 

.09 

.1 

127 
27 
5 

( 3  

19% 
13 
4 

( 3  
< 3  

125 
122 
( 3  

44 
( 3  
< 3  
( 3  
( 3  

56 
52 
143 
( 3  
< 3  
< 3  

22 

45 
12 

61 
59 
( 3  

< 3  
( 3  
( 3  
( 3  
( 3  

114 
22.1 
14.3 
48.1 

33.7 
13.8 
13.8 
47.7 
25 .O 

140 
142 
21.6 

50.1 
10.4 
10.9 
33.5 
36.5 

58.1 
58.1 
120.0 
21.2 
25.9 
24.9 

33.5 

53.5 
37.2 

89.0 
95 .O 
38.1 

28.5 
19.6 
19.0 
26.8 
43 8 

360 
59.5 
34.2 
75.4 

77.1 
28.8 
28.6 
79.3 
53.6 

422 
416 
46.1 

136 
36.6 
35.4 
69 
72.6 

161 
163 
377 
54.1 
58.6 
58.8 

76.2 

119 
79.3 

230 
234 
76.3 

63.1 
48.7 
49.4 
54.5 
73.5 

56.8 
18.3 
14.6 
44.1 

22.3 
11.6 
12.5 
44.5 
24.7 

57 .o 
58.1 
19.5 

27.6 
23.9 
20.0 
28.1 
29.8 

26.5 
28.6 
49.5 
23.4 
27.2 
29.3 

24.5 

35.3 
32.5 

41.4 
41.3 
25.5 

29.3 
26.5 
24.7 
30.8 
27.4 

w 
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TABLE 2 REFERENCE SEDIMENTS 

MESS-1 Mari ne  Sediment  (ug/g) 

DATE  Cd Pb As cu Zn Cr 

Dec. 2/82 < 0.50 28 .O < 10 27 .O 178 34 .O 

Dec. 3/82 < 0.50 28 .O < 10 27 .O 181 33 .O 

Oec. 16/82 < 0.50 26 .O < 10 24 .O 184 32.0 

Dec. 16/82 < 0.50 26 .O < 10 26 .O 182 33 .O 

Dec. 21/82 < 0.50 25 .O < 10 27 .O 186 32 .O 

Dec. 23/82 < 0.40 26 .O < 10 24.0 183 34 .O 

Jan. 4/83 < 0.50 29 .O < 10 28.0 187 33 .O 

NRC Value  0.59t.l - 34.0+6.1 - 10.6+.02 - 25.1+3.8 - 191+17 - 71+11 

BSSS-1 Marine  Sediment  (ug/g) 

DATE Cd Pb As cu  Zn Cr 

Dec. 2/82 < 0.40 21 * o  < 10 19 .o 124 66 .O 

Dec. 3/82 < 0.40 15.0 < 10 17 .O 112 56 .O 

Dec. 16/82 < 0.40 18.0 < 10 17.0 111 57 .O 

Dec. 16/82 < 0.40 16 .O < 10 17.0 109 55 .O 

Dec. 21/82 < 0.40 14.0 < 10 1 7  .O 111 54 .O 

Dec. 23/82 < 0.50 15.0 < 10 17.0 105 53.0 

Jan.  4/83 < 0.40 17.0 < 10 17.0 107 56.0 

NRC Value .25+.04 - 22,7+3.4 - 11.1t1.4 - 1.85+2.7 - 119+12 - 123+14 - 
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TABLE 2 REFERENCE SEDIMENTS (Continued) 

MESS-1 Marine  Sediment (ug/g) 

DATE 

Dec. 16/82 

Dec. 23/82 

Jan. 7/83 

Jan.  10183 

Jan.  10183 

NKC Value 

BSSS-1 Marine  Sediment (ug/g) 

DATE 

Dec. 16/82 

Dec. 23/82 

Jan. 7/83 

Jan.  10183 

Jan.  10183 

NRC Value 

0.21 

0.17 

0.21 

0.20 

0.21 

0.17+0.01 - 

0.15 

0.12 

0.24 

0.23 

0.24 

0.13+0.01 - 

m 

m 
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APPENDIX  I 

CADMIUM  CONCENTRATIONS/COLOUR  RELATIONSHIPS 
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The f o l l o w i n g   f i g u r e   d e p i c t s   t h e   r e l a t i o n s h i p  between t h e  

sediment  colour,   as  recorded  at  sampl i n g   t i m e ,  and t h e   c o n c e n t r a t i o n   o f  

cadmium determined  by 1 a b o r a t o r y   a n a l y s i s   o f   s a m p l e s   c o l l   e c t e d   d u r i n g   t h i s  

survey. A1 1 data  can  be  found i n  Table 1. 

The ODCA r e g u l a t e d   c o n c e n t r a t i o n   o f  cadmium, 0.6 mg/kg, i s  marked 

t o   i l l u s t r a t e   t h e   p e r c e n t a g e   o f   s e d i m e n t s   w h i c h   w o u l d  be   a l lowed  o r  

d i   sa l   l owed   fo r   s tandard  ocean d i sposa l   p rac t i ces .  The premise   tha t   g rey  

sediments  can  be  judged  not t o   c o n t a i n  cadmium concent ra t ions   over  ODCA 

regu l   a ted  1 imi t s   i n  most  cases  can  be c l e a r l y  seen. 
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APPENDIX I  I 

TRACE METAL  ANALYTICAL PROCEDURES 
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Sediments - Trace  Metals 

SAMPLE PREPARATION PROCEDURE 

SCOPE AND APPLICATION 

This  method  (Aqua  regia  leach) i s  a p p l   i c a b l e   t o   t h e   d e c o m p o s i t i o n   o f  

s e d i m e n t s   p r i o r   t o  sample  analysis. 

SAMPLE CONDITION 

The sample  should  be  preserved (Code  231)  and prepared (Codes  236, 238) 
(a t tached) .   Approx imate ly  3 t o  5 g a r e   r e q u i r e d   t o   a n a l y z e   t h e  sample i n  

dup l   i ca te .  

METHOD PRINCIPLE 

Th is   techn ique may be  classed  as a l e a c h   o r   p a r t i  a1 e x t r a c t i o n .  It wi 11 

a t t a c k   t h e   c r y s t a l   l a t t i c e   t o   v a r i o u s   d e g r e e s   d e p e n d i n g  on t h e  sample 

composi t ion.   Metals  f rom  pol  1 u t i on   sou rces ,   mos t   su l f i des  and 

organo-meta l ic  compounds will b e   i n c l u d e d   i n   t h e   e x t r a c t .  

The advantage o f   u s i n g  a p a r t i  a1 e x t r a c t i o n   o v e r  a t o t a l   s i  1 i c a   d e s t r u c t i o n  
techn ique ,   bes ides   t he   sho r te r   ana lys i s   t ime ,  i s  t h a t  srnal 1 b u t  

env i ronmenta l l y   s ign i f i can t   meta l   concent ra t ions   can   be  more o f ten   be  

d is t ingu ished  f rom  the   background  concent ra t ion .   Smal l   concent ra t ion  

changes  due t o  man's a c t i v i t i e s  may b e   i n d i s t i n g u i s h a b l e   a g a i n s t  a much 

t o t a l   d i s o l u t i o n   o f   t h e   p r i m o r d i a l   m a t e r i a l .  larger  background  due t o   t h e  

INTERFERENCES 

1. Any decompos i t ion   o f  sed 

v a r i e t y   o f   i o n s   a t   t r a c e  

i n v a r i a b l y   l e a d s   t o   p r o b  

i m e n t s   r e s u l t s   i n  a s o l u t i o n   c o n t a i n i n g  a l a r g e  

t o   p e r c e n t  1 eve1 s.  Such a complex m a t r i x  

1 ems dur i   ny   ana lys is .  
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APPARATUS 

1. C a l i b r a t e d ,  50-1111 t e s t   t u b e s   w i t h   g l a s s   s t o p p e r s .  

2. A1 umi num h o t   b l o c k   w i t h   h o l e s   t o  accornodate t h e   t e s t   t u b e s  and 

dimensioned t o  f i t  a h o t   p l a t e .  

3. Hot   p la te .  

4. Balance  readable t o  0.001 g. 

REAGENTS 

1. Hydrochlor ic   ac id ,   concentrated,   reagent   grade.  

2. Ni t r ic   ac id ,   concentrated,   reagent   grade.  

PROCEDURE 

1. Weight 0.4 
tube. 

2. Add approx 

HNO3. 

t o  0.5 g o f   f r e e z e   d r i e d ,   s i e v e d  samp 

i m a t e l y  5 m l  o f   de ion i zed   wa te r ,  4.5 m 

l e   i n t o  a 50-ml t e s t  

1 o f  HC1 and 1.5 m l  

3. P lace   t he   t ube  on t h e   h o t   b l o c k  and heat  the  sample on a l o w   h e a t   f o r  

3 hours. I f  t h e  sample f r o t h s   o r  bumps v i o l e n t l y ,   t h e   h e a t   i s   t o o  

h igh.  

4. Cool  and d i  1 U t e   w i t h   d e i o n i z e d   w a t e r   t o   t h e  50 m l  mark. 

5. Stopper  and  shake we1 1 . A1 low  the  sample t o   s i t   o v e r n i g h t .  

6. C a r e f u l l y   d e c a n t   t h e   c l e a r   s u p e r n a t a n t   i n t o  a clean,  acid-washed 

p l a s t i c   b o t t l e .   D i s c a r d   t h e   r e s i d u e .  

CALCULATIONS 

T h e r e   a r e   n o   c a l c u l a t i o n s   b u t   t h e   f o l l   o w i n g   d a t a   i s   r e c o r d e d :  

1. Tube number. 

2. Sampl e we igh t   (9 ) .  

PROCEDURE 

Analyse  sample  solut ions  by  Induct ively  Coupled  Argon P I  asma ( ICAP). 

C a l c u l a t i o n s   o f   f i n a l   r e s u l t s  on computer  program. 

m 

I 

I, 
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Sediments - Mercury 

SAMPLE PREPARATION PROCEDURES 

SCOPE AND APPLICATION 

This  method i s   a p p l i c a b l e   t o   t h e   d e t e r m i n a t i o n   o f   m e r c u r y   i n   m a r i n e  

sediments, f i s h   t i s s u e s ,   s h e l l f i s h ,   c r u s t a c e a n s  and o t h e r   f r e s h   w a t e r  and 

mar ine   b io ta .  The range i s  f rom 0.07 ug /g   d ry   we igh t   o r  0.013 ug/g  wet 

weight  based  on a sample s i z e  o f  0.15 g d r y  and, 0.75 g wet  weight, 

r e s p e c t i v e l y .  

SAMPLE CONDITION 

The sample  should  be  preserved (Code 231) and prepared  (Codes 236, 238) 

(a t tached) .   Approx imate ly  3 t o  5 g. a re   requ i red   to   ana lyze   the   sample  

i n dupl  i cate.  

METHOD PR I NC I PLE 

The dr ied,  s ieved  sample i s   d i g e s t e d   w i t h  4 + 1 s u l f u r i c   a c i d ,  and 50% 

H202. T h i s   o x i d a t i o n  wi 11  decompose inorgan ic   mercury  compounds 

(sul f i d e s  i ncl   uded) and organo-mercury  complexes.  Potassi um permanganate 

i s  used  as an auxi  11 a r y   o x i d a n t .   A f t e r   o x i d a t i o n   t h e   m e r c u r y   i s   r e d u c e d  
by   s tannous   ch lo r i de   and   hyd raz ine   su l fa te   t o   e lemen ta l   mercu ry  and 

determined  as  descr ibed  for   mercury i n  water. 

INTERFERENCES 

1. Wi thout  a drying  tube,  water  can  condense on t h e   a b s o r p t i o n   c e l l  

windows. I f  the  apparatus,   reagents and  samples a r e  a t  room 

temperature,  and t h e   c e l l   i s   c o n s t a n t l y   p u r g e d  between  samples, 

condensta t ion  does no t   occur .  

2. Low m e r c u r y   r e c o v e r i e s   u s u a l l y   i n d i c a t e  an incomple te   d iges t ion ,   most  

o f t e n  as a r e s u l t   o f   u s i n g   t o o  much sample.  Reduce t h e  sample s i z e  

and analyze  again.  
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APPARATUS 

1. React ion  tubes 

These tubes   a re  100-ml , Pyrex  brand,  "Student"   graduated  cy1  inders 

w i t h o u t   t h e   p l a s t i c  base  and  t runcated  a t   the  100 m l  mark. 

2 .  Hot  b lock  and  hot   p l   a te .  

3. F1 amel ess  system. 

4. Atomic  absorpt ion  spectrophotometer  capable  of   s imultaneous  background 

c o r r e c t i o n   ( J a r e l l  Ash 810). 

REAGENTS 

All the  reagents   used  a re   o f   ana ly t i ca l   reagent   g rade.   De ion ized  water  i s  

used  throughout  reagent  preparat ion.  

1. S u l f u r i c   a c i d   s o l u t i o n ,  4t1: 
Four   pa r t s   o f   concen t ra ted  H2SO4 a r e  added t o  one p a r t   o f   w a t e r .  

Cool  before  use. 

2 .  Hydrogen  peroxide, 50% V / V :  

This  reagent i s   t e s t e d   f o r   t h e  presence o f   m e r c u r y   i n   t h e   f o l l o w i n g  

manner. To 4 m l  o f  HzSOz add 45 m l  o f   wa te r ,   cove r  and leave 

overn igh t .  Add t e n  m l  4+1 H2SO4 and 1 m l  5% w / V  KMnO4. Prepare a 

s imi  1 a r   b l a n k   w i t h   w a t e r   i n s t e a d   o f  50% H202. Both  b lanks  are  then 

analyzed i n   t h e   u s u a l  manner. A t  tw i ce   t he   pe rox ide   concen t ra t i on   used  

i n   t h e   d i g e s t i o n ,  no d e t e c t a b l e   d i f f e r e n c e  between the   b lanks  has  been 

found . 
3. Potassium  permanganate, 0.1% w/V :  

D i  sso l  ve 1 g o f  KMnO4 i n  1 1 i t r e   o f   w a t e r  and r e f  i r g e r a t e   b e f o r e  use. 

As the   ma in   po ten t i a l   sou rce   o f   mercu ry   con tamina t ion ,   t h i s   reagen t  may 

c o n t a i n   m e r c u r y   i t s e l f   o r  may e x t r a c t  i t  f rom  con ta ine r   wa l l  s and/or 

a i r  [4]. 

4.  Reducing  so lut ion,  2% w / V  hydroxy l  amine s u l f a t e ,  1% w / V  hydraz ine  

s u l f a t e ,  3% w / V  s tannous  ch lo r ide :  

D isso lve   10  g o f  (NH20H)2.H2S04 by s t i r r i n g   i n  30 m l  o f  water. 

Add 5 g o f  HzNNH2.HzS04, s t i r   u n t i l   d i s s o l v e d .  Add 15 g o f  

SnC12.2H20 and d i s s o l v e .  The e n t i r e   s o l u t i o n   i s   t h e n   d i l u t e d   t o  

500 m l  w i th   wa te r   (No te   4 ) .  
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REAGENTS (cont inued)  

5. Mercury  standards, 0.01 t o  0.5 ug: 

Prepare 0.10,  1.0 and 10.0 ug/ml Hg standards  f rom a 1000 mg/l   stock 

s o l u t i o n .  From these  standards  prepare a work ing   range  by   p i   pe t ing  

appropr ia te   vo lumes  in to   the   reac t ion   tubes .  

Concent ra t ion   o f   S tandard  Vol ume Used R e s u l t i n g  Hg Weight 

( u g h 1  1 ( m l  ) (ug)  

0 
0.01 
1 .o 
1.0 
1 .o 
1 .o 
1 .o 

10.0 

0 
0.10 
0.05 
0.10 
0.20 
0.30 
0.40 
0.05 

0 
0.01 
0.05 
0.10 
0.20 
0.30 
0 -40 
0.05 

U s i n g   t h e   t u b e   g r a d u a t i o n s ,   d i l u t e   t o  10.0 m l  w i th   de ion ized  water .  

Add 10.0 m l  o f  4+1,  H2S04+H20, swi rl and  cool . Add 40.0 m l  o f  

0.1% w / V  KMnO4 f o r c e f u l l y   t o   f a c i l i t a t e   m i x i n g .  Cover  and  analyze 

as w i t h  sample  procedure. 

PROCEDURE 

1. Weigh  approximately 0.075 g o f  f reeze -d r ied   samp le   i n to  a 100-ml 

reac t ion   tube.   Prepare  a d u p l i c a t e  and r e c o r d   t h e   v i a l  number, t u b e  

number  and sample  weight. 

2. Add 10.0 m l  o f  4+1, H2S04+H20 s o l u t i o n   i n  a constant  stream, 

cover  and leave   ove rn igh t .  

3. Add 4.0 m l  o f  50% H202 s w i r l  and p lace   t he   t ube  on the   ho t   b lock .  

4. S w i t c h   t h e   h o t p l a t e  t o  5 (Corn ing PC100) and  heat   the   tubes   un t i  1 t h e  

s o l u t i o n   t u r n s   c o l o r l e s s   ( N o t e  5 )  and t h e   b u b b l i n g   s t o p s  

(approx imate ly  1-1.25 hours) .  
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PROCEDURE (cont i   nued)  

5. Remove the   t ubes   f rom  the   b lock ,   coo l  them i n  a co ld   wa te r   ba th  and 

add 30.0 m l  o f   c o l e  0.1% KMnO4. The f i n a l  volume  should  be 50.0 m l  . 
6. Ad jus t   t he   i ns t rumen t  as pe r   t he   manu fac tu re r ' s   i ns t ruc t i ons .   Mercu ry  

absorbance i s  measured a t  253.7 nm, and background  absorbance i s  

measured a t  254.7 nm u s i n g  a t i n   h o l l o w   c a t h o d e  lamp. 

7. Se t   t he   a rgon   f l ow   a t  40 m l   / m i  n ( 5  on t h e   f l o w   m e t e r )  and s w i t c h   t h e  

f l o w   t o   t h e  gas d i s p e r s i o n   t u b e   ( N o t e  6 ) .  4 

8. Place a r e a c t i o n   t u b e  on the   appara tus  and i n j e c t   f o r c e f u l l y  5.0 m l  o f  

t h e   r e d u c i  ng s o l   u t i  on. 

9. When t h e  maximum peak h e i g h t  has  been obta ined,  remove t h e   t u b e  and 

sw i t ch   t he   a rgon   f l ow   to   pu rge .  

10. Swi tch  the  argon  f low t o  t h e   d i s p e r s i o n   t u b e ,   p u t  on t h e   n e x t   t u b e  and 

repeat   the   p rocess   (Note   7 ) .  

NOTE s 
1. No loss   o f   mercury   has  been a s s o c i a t e d   w i t h   t h i s   p r o c e d u r e  [S, 61. 
2.  The use o f  argon  as a sweep gas e l i m i n a t e d   p o t e n t i a l   m e r c u r y  

contaminat ion  and increased  absorbance  by 25% [7]. 

3. An open f l  amel ess  system i s  used  ra ther   than a c losed  system  which 

r e q u r i e s  a time  consuming  summation o f  absorbance  peaks [8] and 

s u f f e r s   f r o m   r e p r o d u c i   b i  1 i t y  problems [SI. 
4. Hydroxylamine  sul fate  destroys  excess  permanganate and  manganese 

ox ide .   Hyd raz ine   su l fa te   acce le ra tes   t he   reac t i on   o f   s tannous  

c h l o r i d e  [lo]. 
5. I f  t h e   t u b e s   a r e   l e f t   t o o   l o n g  on t h e   h o t   b l o c k ,   t h e   s o l u t i o n  becomes 

c o l o r e d   s l i g h t l y ,  however, t h e   e f f e c t  on t h e   a c c u r a c y   o f   t h e   r e s u l t s  

i s  n e g l i g i b l e .  

6. T h i s   f l o w  was d e t e r m i n e d   e m p i r i c a l l y   t o   o b t a i n  maximum absorbance. I f  

t h e   c e l l  and t u b i n g   a r e  changed r a d i c a l l y ,   t h e  optimum f l o w   r a t e  must 

be  determined. 

IC 

u 

Y 
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NOTES (cont inued)  

7. Tests showed t h a t   w a i t i n g   f o r  a r e t u r n   t o   b a s e l i n e  between  samples was 

not   necessary and r i n s i n g   t h e  gas dispersion  tube  between  samples was 

not   necessary  as  carry-over  was n o t   d e t e c t a b l e   i n   e i t h e r  case. 

CALCULATIONS 

1. Draw a   s tandard   cu rve   o f  ug/Hg vs  absorbance. 

2. Wet lD ry   Ra t io  = w e i g h t   b e f o r e   f r e e z e   d r y i n g   ( 9 )  

w e i g h t   a f t e r   f r e e z e   d r y i n g   ( 9 )  

3. ug /g   d ry   we igh t  Hg = ug Hg f rom  curve 

d r y   w e i g h t   i n   t u b e   ( 9 )  

4. ug/g  wet  weight = (ug /g   d ry   we igh t  Hg) ( w e t l d r y   r a t i  0) 
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Sediments - Trace  Metals 

PRESERVATION (231) - PREPARATION (236, 238) 

SCOPE AND APPLICATION 

These methods  are  used t o   p r e p a r e   s e d i m e n t s ,   s o i l s  and s l u d g e s   p r i o r   t o  

decomposi t ion  and  metal   determinat ion.  

SAMPLE CONDITION 

C o l l   e c t  a representat ive  sample  (Note 1) , d r a i n   o f f  excess  water,  place 

t h e  sample i n  a p l a s t i c   b o t t l e  o r  whi r l  -pak  bag  and  freeze. 

METHOD PRINCIPLE 

The sample i s   f r e e z e   d r i e d  and s ieved  us ing  a 100 mesh ( .150 mm) s t a i n l e s s  

s tee l   s ieve .  The 100 mesh f r a c t i o n   i n c l u d e s   t h e   p r i n c i p l e   " a d s o r b e r s "   o f  

meta ls   (c lays ,   hydrous   ox ides  and f i n e   q u a r t z )  and p a r t i c l e s   w h i c h   a r e  

small  enough t o  be   i nges ted   by   ben th i c   b io ta .  

INTERFERENCES 

1. Metal 1 i c   v o l a t i l i z a t i o n   d u r i n g   f r e e z e   d r y i n g   i s   p o s s i b l e   b u t   i s   n o t  

conc lus ive .  Much depends ( t o  an unknown e x t e n t )  on t h e  sample 

composi t ion,   metals  present and t h e i r   b i n d i n g   o r   a d s o r p t i o n  

c h a r a c t e r i s t i c s .  

2.  The sieve  must  be composed o f   s t a i n l e s s   s t e e l  as opposed t o   b r a s s  (Cu 

contaminat ion)  o r  p l a s t i c  (mesh opens ou t  and  wears q u i c k l y ) .  

APPARATUS 

1. Freeze  drying,  apparatus.  

2. S ta in less   s tee l   s ieves ,   100 mesh. 

3. Acid washed p l a s t i c   v i a l s  and b o t t l e s .  
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REAGENTS 

1. Ueioni  zed  water. 

2. Hydroch lo r ic   Ac id ,  1 + 10: 

Add 1 p a r t  o f  concentrated HC1 t o  10 p a r t s  o f  de ion ized  water .  

PROCEDURE 

1. Soak a1 1 p l a s t i c  v i  a1 s ,  b o t t l e s  and  caps i n  1 + 10 HC1 f o r   a t   l e a s t  24 

hours.  Rinse 3 t imes   w i th   de ion i zed   wa te r  and  dry. 

2. Set   up   the   f reeze  d ryer  as pe r   manu fac tu re r ' s   i ns t ruc t i ons .   P lace   t he  

bags o r  b o t t l e s   c o n t a i n i n g   t h e  samples i n   t h e   f r e e z e   d r y e r .  Open t h e  

bag o r   b o t t l e   t o   a l l o w   t h e   w a t e r   t o  escape. 

3. Dry t h e  samples f o r  48  hours o r  more u n t i l   d r y .  

4. Sieve  each  sample  using  the 100 mesh s ieve  and bottom pan. 

5. P l a c e   t h e   s i e v e d   p o r t i o n   i n  a c l e a n   p l a s t i c   v i a l .  

6. C lean  the   s ieve   w i th  a brush  and/or a d r y   c l o t h .  

NOTES 
1. The amount o f  samp le   requ i red   t o  be r e p r e s e n t a t i v e   i s  dependent on t h e  

sample 1 oca t ion .  The amount o f  sample requ i   red  f o r  metal  

d e t e r m i n a t i o n   i s   a p p r o x i m a t e l y  2 g d ry   we igh t .  The a n a l y s i s  i s  
performed on a 100 mesh f r a c t i o n .  Therefore,  samples composed m a i n l y  

o f   c o u r s e   m a t e r i a l   n e c e s s i t a t e  a g rea te r   samp le   s i ze   t o   ob ta in  enough 

100 mesh f i n e s   f o r   a n a l y s i s .  

CALCULATIONS 

There  are  no  cal   cul  a t i  ons b u t   t h e   f o l l o w i n g   d a t a   i s   r e c o r d e d :  

1. Sample  number. 

2. V i a l  number. 



- 44 - 

APPENDIX I11 

ORGANIC  ANALYTICAL PROCEDURES 
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ENVIRONMENTAL  LABORATORY 

M I N I S T R Y  OF ENVIRONMENT 

DRAFT PROCEDURE 

February 1984 

1. TITLE:  PCB's  and Chlor inated  Phenols  i n  Sediment 

2. WORK ROUTE: To be  assigned. 

3. SCOPE AND APPLICATION 

3.1 This  method i s   a p p l i c a b l e   t o   t h e   d e t e r m i n a t i o n  o f  
Po lych l   o r i   na ted   B ipheny l  s and  Chl o r i   n a t e d  Phenol s i n  sediment. 

3.2 Parm # Parameter Name Lower L i m i t  

A 1  7 Arochl   or  1242 0.02 ug/g 
A2 1 Arochl or 1254 0.02 ug/g 
A2 2 Aroch lo r  1260 0.02 ug/g 
T17 2, 3, 4, 5-Tetrachlorophenol  0.002 ug/g 
T19 2, 3, 5, 6-Tetrachlorophenol  0.002 ug/g 
P22 Pentach.1  orophenol 0.002 ug/y 

4. PRINCIPLE OF METHOD 

I 

4.1 A p o r t i o n   o f   s e d i m e n t   i s   d i g e s t e d   w i t h   h y d r o c h l o r i c   a c i d  and 

ex t rac ted   w i th   me thy lene   ch lo r i de .  The phenols i n   t h e   e x t r a c t   a r e  

separa ted   by   back-ex t rac t ion   w i th   sod ium  hydrox ide   so lu t ion  and t h e  PCB's 

remaining i n   t h e   e x t r a c t   a r e   c o n c e n t r a t e d ,   c l e a n e d  up  by  column 

chromatography and analysed  by  gas- l iqu id   chromatography/e lect ron  capture 

de tec to r .  

The s o d i u m   h y d r o x i d e   s o l u t i o n   i s   a c i d i f i e d ,   t h e   p h e n o l s  

ex t rac ted   w i th   methy lene  ch lo r ide ,   concent ra ted ,   methy la ted ,   c leaned up by 
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column  chromatography and analysed  as  anisoles  by gas l i q u i d  

chromatography/electron  capture  detector.  

5. INTERFERENCES 

5.1 M o s t   c o - e x t r a c t i n g   i n t e r f e r i n g  compounds can  be  removed  by 

column  chromatography u t i 1   i z i n g   F l o r i s i l   a n d / o r   s i l i c i c   a c i d  o f  

a p p r o p r i a t e   a c t i v i t y .   S u l f u r  commonly e x i s t s   i n  sediments and can be 

removed using  elemental   mercury t o  p roduce  mercur ic   su l f ide   wh ich  i s  no t  

s o l u b l e   i n   t h e   o r g a n i c   s o - l v e n t s  used. 

6. APPARATUS AND MATERIALS 

6.1 Gas l i q u i d  chromatograph: A GLC e q u i p p e d   w i t h   e l e c t r o n   c a p t u r e  

d e t e c t o r  and a n a l y t i c a l   c o l u m n ( s )   o f   s u i t a b l e   p o l a r i t y  e.g. 3% OV-17 o r  4% 

OV-101/6% OV-210. 

6.2 Normal l a b o r a t o r y   g l a s s w a r e   i n c l u d i n g  500 mL and 250 mL 

separa to ry   f l asks ;  20 mL screw  cap t e s t   t u b e s   w i t h   t e f l o n  cap l i n e r s ;  250 

mL round  bo t tom  evapora t ion   f lasks ,   e tc .  

7. REAGENTS 

7.1 Me thy lene   ch lo r i de ,   pes t i c ide   g rade .  

7.2 Pet ro leum  e ther ,   pes t ic ide   g rade.  

7.3 Is0 octane (2,2,4 Tr imethy lpentane) ,   pes t ic ide   g rade.  

7.4 1% Aqueous sodium  hydrox ide  so lu t ion.  

7.5 Diazomethane  (generated f rom N-methyl-N-ni t roso  urea) 

Ir 

m 

L 



m - 47 - 

I 

7.6 Hydroch l   o r i   c   ac id  conc.  reagent  grade. 

.I 7.7 S u l f u r i c   a c i d  conc.  reagent  grade. 

II 7.8 Sodium s u l f a t e  - anhydrous. 

0 7.9 F1 o r i  s i  1 , PR grade,   deac t iva ted   w i th  1% water. 

I 

Q 

1 

Y 

Y 

II 

7.10 S i l i c i c   a c i d ,   d e a c t i v a t e d   w i t h  1% water. 

7.11 Elemental  mercury - reagent  grade. 

8. PROCEDURE 

8.1 Place 10.0 y o f  the  sediment i n  a 20 mL screw  capped t e s t   t u b e  

and  add 5 mL conc. HC1, 

8.2 Heat on a  steam b a t h   a t  6OoC f o r  1 hour. 

8.3 T r a n s f e r ,   w i t h   r i n s i n g ,   t o  a 250 mL separatory   funnel  and 
e x t r a c t  w i t h  25 mL CH2C12 th ree   t imes  and discard  sediment and  aqueous 

phase. 

8.4 Back ex t rac t   t he   comb ined  CH2C12 w i t h  50 mL 1% NaOH t h r e e  

t imes  sav ing   bo th  phases  and combining NaOH e x t r a c t s .  

8.5 Concentrate  the CH2Cl2 phase  from 8.4, add 4 mL Iso-octane 

and  remove t h e  CH2Cl2 by r o t o v a p   d i   s t i  11 a t i  on. 

8.6 E l u t e   t h e   i s o - o c t a n e  solution f rom 8.5 on  10 g. 1% d e a c t i v a t e d  

F l o r i   s i  1 w i th   100 mL Pet ro leum  e ther .  
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8.7 Rotovap t o  remove the   pe t ro leum  e ther ,  make up t o   s u i t a b l e  

volume w i t h   i s o - o c t a n e   f o r  GLC ana lys is   (10  mL a l l o w s  a lower limit o f  

0.02 ug/g) 

8.8 A c i d i f y   t h e  aqueous  phase from 8.4 t o  pH 2. w i t h  conc. H2SO4 

and e x t r a c t   w i t h  50 mL  CH2C12 th ree   t imes ,   comb in ing   t he   ex t rac ts  

th rough NazS04 i n  a 250 mL round  bot tom  f lask.  

8.9 C o n c e n t r a t e   t o  < 5 mL and methy late  by  bubbl ing  generated 

D iazomethane   th rough   the   so lu t i on   un t i l  a d i s t i n c t   y e l l o w   c o l o u r   i s  

produced,   Let   s tand  for  1 /2  hour. 

8.10 Remove excess d i  azomethane by b l o w i n g   w i t h   h i g h   p u r i t y   n i t r o g e n ,  

add 4 mL iso-oc tane and r o t o v a p   t o  remove CH2C12. 

NOTE: Use a proper fume hood for a l l  operations  involving  iazomethane! 

8.11 E l u t e   t h e   i s o - o c t a n e   s o l u t i o n   f r o m  8.10 on a  column o f  5 g o f  1% 
d e a c t i v a t e d   F l o r i s i l   u s i n g  100 mL of   pe t ro leum  e ther .  

8.12 Rotovap t o  remove pe t ro leum  e ther ,  make up t o  a su i tab le   vo lume 

f o r  GLC a n a l y s i s  (10. mL a l l ows  a lower limit o f  0.002 ug/g).  

Y 

I 

I 
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