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This report documents the contamination of storm  water  runoff w i t h  
chlorophenols  leached from surface treated lumber i n  British Columbia. 
Storm  water runoff from  sawmil 1 s and 1 umber export terminals was suspected  as a 
significant source of chlorophenols t o  adjacent water courses based on a 1978 
Environment Canada Study. During 1986 and 1987, a four month  field study was 
conducted a t  five sawmil 1 s and two 1 umber export terminal s. The sites 
represented typical lumber handl ing and treatment methods i n c l u d i n g  d i p  tanks, 
low pressure and h i g h  pressure spray  systems.  Leachate dripping directly from 
the wood and yard runoff was analyzed for 2,3,4,6-tetrachlorophenol and 
pentachlorophenol  using a gas chromatography method. 

I t  was found t h a t  leaching from treated lumber  began after 1.0 t o  1.5 
mn of continuous rainfall. Dip treated lumber  leached up t o  158 000 parts per 
b i l l i o n  (ppb)  and generated  runoff w i t h  up t o  6 600 ppb t o t a l  chlorbphenols. 
Low pressure sprayed  lumber  leached up t o  576 000 ppb to t a l  chlorophenols. 
High pressure sprayed  lumber leached up t o  9 800 ppb and generated  average  yard 
runoff up t o  1 968 ppb to t a l  chlorophenol s. Chlorophenol s were found t o  leach 
from treated lumber  under a l l  conditions of exposure t o  rainfall. Conditions 
studied included up t o  eight days of drying, 13 consecutive days of rainfall 
and 18 days of a1 ternating wet and dry periods. 

Most  lumber storage yards have their own drainage  systems which  
discharge directly t o  fresh or  marine waters. Acute lethal  static bioassay 
tests (LT50's) using rainbow trout underyearl i n g  were  performed on two pure 
stormwater  samples discharging from  such yards. The fish became excited upon 
introduction t o  the effluent, exhibited coughing and erratic swimming w i t h i n  10 
minutes and mortality i n  a l l  fish occurred w i t h i n  40 t o  120 minutes. The acute 
1 ethal toxici ty  for salmonids of 32 t o  130 ppb t o t a l  chlorophenol s was  exceeded 
virtually 100% of the time a t  a1 1 the storage yards monitored. 



Ce rapport documente l a  contamination  d'ikoulement  d'eau pluviale 
avec des chl oroph6nol s less i  v6s  de 1 a surface de b o i s  t r a i  t 6  en 
Col ombie-Bri tannique. L'ecoulement  des  eaux pluviales provenant  des scieries 
e t  des terminaux d'exportation de bois e t a i t  une source significative 
suspectge de chlorophenols dans les cours d'eau adjacents base sur une etude 
d'Environnement Canada en 1978. Pendant 1986 e t  1987, une etude de quatre 
mois sur le  terrain f u t  entreprise i cinq scieries  et deux terminaux 
d'exportation de bois. Les sites reprgsentaient une manutention typique du 
bois et  des  methodes  de trai tement incl uant des bassi ns  de  trempage  de m6me 
que  des  systemes de vapori sati on B basse e t  haute pression. L'ecoulement du 
lessivage dggout tant  directement du bois e t  du si te f u t  analyse pour le 
2,3,4,6-t6trachl orophgnol e t  pentachl orophQno1 u t i  1 i sant une  methode  de gaz 
chromatographique. 

I1 f u t  decouvert que le  lessivage du bois trai te  cmencerai t apres 
une pl uie continue de 1 .O B 1.5 mn. Le bois trai t 6  par trempage a lessi v6 
jusqu'i 158 000 parties par milliard e t  a genere  des eaux d'ecoulement 
jusqu'i 6 600 parties par mil 1 iard en chlorophenol s totaux. Le bois vapori s6 
i basse pression a lessive jusqu'i 576 000 parties par milliard en 
chl orophgnol s totaux. Le bois vaporis6 i haute pression a lessi v6 jusqu'i 
9 800 parties par mil 1 iard e t  a genere un  ecoulement moyen du si te jusqu' 5 
1 968 parties par mil 1 iard en chlorophenol s totaux. I1 f u t  decouvert que les 
chl orophhol  s se lessivent du bois trai t6 sous toutes  les conditions 
d'exposition i l a  pluie. Les conditions  gtudiees comprennent jusqu' i h u i t  
jours sans precipitations, 13 jours consecuti'fs de pluie e t  18 jours de 
pgriodes a1 ternant  entre seches e t  mouil lees. 

Les  d6pbts d'entreposage de bois ont souvent leurs propres  systemes 
de drainage lesquels deversent directement dans les eaux fraiches ou marines. 
Des tests de bio-essai statique de toxici te  aigue letale (TL50) utilisant des 
truites arc-en-ciel de  moins d ' u n  an furent conduits sur deux echantillons 
purs  d'eaux  d'ecoulement  provenant de tels depbts. Les poissons devinrent 
exci t6s 2 1 ' introduction de 1 'effluent, comnencerent i tousser e t  i nager 
erratiguement en  moins  de 10 minutes e t  tous les poissons furent morts entre 
40 e t  120 minutes. La toxicite  letale aigue pour les salmonid6s de 32 S 130 
parties par mill iard en chl orophenol s totaux f u t  depassee  pratiquement 100% 
du temps 1 tous les depbts d'entreposage echantill onnes. 
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EXECUTIVE S W R Y  

I n t r o d u c t i o n  
Chlorophenol wood p ro tec t i on   chemica ls   a re   a   h igh   p r i o r i t y   f o r  

assessment  and c o n t r o l   i n   B r i t i s h  Columbia  because o f   t h e i r  heavy  usage, 
p o t e n t i a l   f o r   r e l e a s e ,   h i g h   t o x i c i t y  and persistance  in  the  environment.  
Control   1  ed  1  aboratory  studies  of   chlorophenol  s have establ   ished  that   acute 
t o x i c i t y   ( d e a t h   w i t h i n  96 hours)   occurs  a t   concentrat ions  o f  32 t o  130 p a r t s  
p e r   b i l l i o n   ( p p b )   f o r   j u v e n i l e  salmon species (6). T h i s   i s   e q u i v a l e n t   t o  1 
drop of   pure  chemical  i n  10 b a r r e l s  (360 ga l lons)   o f   water .  

Background 
Stormwater runof f   f rom sawmil  1 s and 1 umber export   terminal  s was 

suspected  as a s ign i f i can t   source   o f   con taminat ion  based on f i n d i n g s   i n  a 
1978 Environment Canada study ( 4 ) .  I n  1983 a jo in t   government / indust ry  

r e p o r t  was developed t o  improve  chemical  handling,  worker  safety and 
env i ronmen ta l   p ro tec t i on   a l t hough   the   i ssue   o f   p ro tec t i on   f rom  ra in fa l l  was 
1 e f t  unresol  ved (6 1. 

I n   l a t e  1986 a f i e l d   s t u d y  was i n i t i a t e d  by  Environment Canada 
which  measured t h e   e x t e n t   t o   w h i c h   r a i n f a l l   c o u l d  be contaminated  with 
chlorophenols  leaching  from  treated  lumber. The ob jec t ives   o f   the   s tudy  were 
to   under take a sampling  program o f  stormwater  monitoring and conduct  chemical 
analys is   to   determine  concentrat ions  o f  2,3,4,6-tetrachlorophenol (TTCP) and 
pentachlorophenol (PCP) i n  the   runo f f .   F i ve  sawmi 11 s and  two 1 umber expor t  
terminals  were  chosen  from 29 f a c i l i t i e s   i n   t h e   l o w e r   F r a s e r   V a l l e y  and they 
were monitored  over a four  month per iod  f rom  the end o f  October 1986 t o   t h e  
end o f  January 1987. 

The sample s i t e s  were  chosen to  cover  the  fu l l   range  of   chemical  
appl icat ion  technology  which  included  diptank  t reatment,   low  pressure  spray 
(o ld   techology)  and high  pressure  spray (new technology). The e f f e c t   o f  
dry ing  t imes were  measured  by monitoring  lumber  which was f r e s h l y   t r e a t e d  and 
exposed d i r e c t l y   t o   r a i n f a l l   t o  lumber  which  had up t o   e i g h t  days o f   d r y  

storage  before  exposure. The m i l l s  were l o c a t e d   i n  areas  where  annual 
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r a i n f a l l   v a r i e d   f r o m  1094 mn (Vancouver A i r p o r t )   t o  1800 mn (Whonnock 1 and 
daily  accumulation  ranged  from 3 mn t o  60 mn. 

Contaminated  rainwater was c o l l e c t e d   i n  two types  o f  samples;  as 
leachate  dripping  from  the  lumber  stacks  before it reaches  the paved yard  
surface, and  as d i lu ted   yard   runof f   d ischarg ing   to   the   s to rm sewer. The 
leachate was co l lec ted   con t inuous ly   in   heat   t rea ted   pyrex   g lass   t rays  and 
t r a n s f e r r e d   t o  amber g l a s s   b o t t l e s   ( t o   p r o t e c t  agaf n s t   u l t r a v i o l e t   l i g h t )  
wh i l e   t he   ya rd   runo f f  was c o l l e c t e d   d i r e c t l y  as grab samples f n  amber glass 
bo t t l es .  All samples  were s t o r e d   a t  4°C p r i o r   t o   a n a l y s i s   b y  a gas 
chromatography method. 

A t  s ix   o f   the   s i tes ,   water   qua l i t y   parameters   inc lud ing   to ta l  and 
suspended so l   ids ,   to ta l   organic   carbon,   o i l  and grease,  nitrogen,  phosphorus 
and to ta l   meta ls  were measured. During each sampling  run,  the  temperature, 
dissolved oxygen content, pH and e l e c t r i c a l   c o n d u c t i v i t y   o f   t h e   r u n o f f  was 
continuously  monitored. A t  two o f   t h e   s i t e s ,   s t a t i c  LT50 f ish  b ioassays 
using  rainbow  t rout  were performed. The LT50 i s   t h e   l e t h a l   t o x i c i t y   t i m e   a t  
which 50% o f   t h e   t e s t  organisms d ie   a f te r   con t inuous   exposure   to   the  
und i l u ted   e f f l uen t .  

Dip Treated Lumber 
Undiluted  leachate  from a stack  of   d ip  t reated  lumber was monitored 

f o r   e i g h t   r a i n f a l l   e v e n t s   o v e r  13  days w i t h  a t o t a l   p r e c i p i t a t i o n   o f  239 mn 
(Figure 3 ) .  Samples were co l l ec ted   o f   l eacha te   d r i pp ing   f rom  the   ex te r io r   o f  
the packages  as we1 1 as perco lat ing  through  the  in ter ior .   Tota l   ch lorophenol  
concentrations  reached 90 000 ppb on ex te r io r   d r i pp ings  and  158 748 ppb on 
the   i n te r i o r   d r i pp ings .   A f te r  12 days o f   c o n t i n u o u s   r a i n f a l l   t h e  
concentrat ions were s t i l l  above 8 000 ppb. Three  drainage  basins  which 
s to red   d ip   t rea ted  lumber were moni tored  for  one ra in   even t  and each s i t e  had 
already  experienced  from 7 mm t o  23 mn o f   r a i n f a l l   p r i o r   t o   t h e   t e s t .   I n  
these  cases a s ign i f i can t   p ropor t ion   o f   the   chemica l  may have a1 ready been 
washed o f f  and the  average  total  chlorophenol  concentrat ions i n   y a r d   r u n o f f  
ranged  from  258  ppb t o  528  ppb w i th   peaks   as   h igh   as  6 624  ppb 
(Figures 4,  5, 6 ) .  

w 

I 

... 



- x i i i  - 

I 

I 

P 

J 

I 

Low Pressure  Sprayed Lumber 
Lumber which was t rea ted  by  low  pressure  spray systems ( o l d  spray 

technology) was monitored  over  various  drying  t imes  ranging  from  zero  to 
e i g h t  days af ter   t reatment .  Lumber which had zero  f ixat ion  t ime  exper ienced 
d i rect   washof f  and to ta l   ch lorophenol   concentrat ions  o f  up t o  576 000 ppb 
were found i n  water  dripping  from  the wood. Direct   washoff   would  occur  at  
the  green  chain  sort ing 1 i n e  where the 1 umber was p u l l  ed  from  the  covered 
conveyor  and p i l e d   i n  stacks  outside  the  roofed  area. I n  some cases  there 
were no r a i n   g u t t e r s  so t h a t   r o o f   r u n o f f  was d i rec ted   on to   the   f resh ly  
t rea ted  wood i n   a d d i t i o n   t o   d i r e c t   r a i n f a l l .  The yard  runof f   f rom such s i t e s  
had average to ta l   ch lorophenol   concentrat ions  o f  up t o  27 542 ppb which were 
the   h ighes t   o f  any s i tuat ion  moni tored  (F igure  8) .  The three mil 1 s where 
t h i s   t y p e   o f   r u n o f f  was observed were s i t ua ted  on the  shores  of   the  Fraser 
River  and d ischarged  the i r   runof f   d i rect ly   to   near   shore  sur face zones. 

Low pressure  spray  treated  lumber  which had up t o   e i g h t  days o f  
dry ing  a f ter   t reatment  had to ta l   ch lorophenol   concentrat ions  o f  up t o  15 910 
ppb dr ipp ing  f rom  the wood. Yard runof f   f rom  the   s i tes  averaged up t o  545 
ppb total   chlorophenol  s (F igure 13). These samples  were taken  from a ya rd  
which  had 1/3 t o  1/2 o f   t h e   t o t a l  lumber  capacity i n  it and higher 1 umber 
loading  would  l ike ly   increase  the  concentrat ions  in   the  runof f .  

High Pressure Sprayed Lumber 
High  pressure  spray systems (new spray  technology)  operate a t  over 

two atmospheres o f  pressure and produce  lumber  which i s  almost  dry  to  the 
touch  immediately  after  treatment. All the  sites  monitored  contained  lumber 
which was rough c u t  and unplaned  which  resulted i n  a much higher  surface  area 
per  board  than i n  any o f   the   o ther   s i tua t ions .  The average t o t a l  
chlorophenol  concentration i n  water   dr ipp ing  f rom  th is   type o f  wood  was 9 829 
ppb and storage  yard  runoff  from  these  si tes  averaged up t o  1 968 ppb 
(Figure  20). 

Tota l  Runoff and Loading Estimates 
Whenever there was measurable r a i n f a l l   a t  a t rea ted  1 umber storage 

yard  there were measurable  chlorophenol s i n   t h e   r u n o f f .   R a i n f a l l   i n t e n s i t i e s  
and durat ions were a s i g n i f i c a n t   f a c t o r   w i t h   h i g h e r   i n t e n s i t i e s  and longer  
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durat ions  increasing  the  quant i t ies  of   chlorophenols  leached. It was found 
that   ra inwater   dr ipp ing  f rom  the wood a f t e r   t h e  end o f  a rain  event  would  dry 
on the  yard  surface and then be washed i n  a concentrated  form down the  storm 
dra in  a t  t h e   s t a r t   o f   t h e   n e x t  storm. The way the  1 umber i s  cut,  strapped 
and stacked on the  yard  a lso  a f fected  the  quant i ty   o f   chemical   leached,  and 
i t  was found  that   leaching  f rom  the  tops and s ides   o f   the  packages occurs 
w i t h i n  1.0 t o  1.5 mn o f   con t i nuous   ra in fa l l .  

The annual total   runoff   generated  at   lumber  storage  yards on the 
lower  Fraser  River  from Kanaka Creek t o   t h e  mouth was estimated a t  490 000 t o  
775 800 m3/year wi th   to ta l   chemical   loading up t o  916 kg /y r   o f   pure  
chlorophenol. The annual r u n o f f  volume t o   B u r r a r d   I n l e t  was estimated a t  
511 000 t o  850 000 m3/yr   wh ich   con ta ins  up t o  523 k g / y r   o f   p u r e  
chlorophenols.  Runoff t o  Howe Sound a t  Squamish was estimated a t  165 000 t o  
261 000 m3/yr wi th  up t o  85 kg/yr  of  pure  chemical . 

Many of  the  treated  lumber  storage  yards  drainage systems are  not 
cross  connected  with  other systems  and will discharge   d i rec t l y   t o   t he   su r face  
and near  shore  areas o f   r i v e r s  and marine  waters. The lower  Fraser  River i s  
a f fec ted  by t ida l   ac t ion   wh ich  will block  these  drains  for  up t o  12 hours and 
cause r a i n w a t e r   t o  back up i n   t he   d ra inage  systems  and  sometimes pool on the 
yard. The discharge  of  a pool o f   ra inwater   (contaminated  wi th  1 200 ppb of 
chlorophenol s) to   the   Fraser   R iver   dur ing  an ebb ti de  was simulated  using a 
computer generated model (Figure  22). The s imulat ion  est imated  that  a plume 
a t  a concentrat ion  o f  100  ppb (which i s   t o x i c   t o   f i s h )   c o u l d   e x t e n d  up t o  
12 m from  shore and up t o  60 m downstream. Elevated  shorel ine  chlorophenol 
concent ra t ions   o f  10.0 - 15.0 ppb i n  Fraser  River  water were  measured 
approximately 200 m downstream o f  a l a r g e   o u t f a l l   a f t e r  a storm  event such  as 
the  one simulated (1). 

Fish Bioassays 
Acute le tha l   s ta t ic   b ioassays  (LT50's)  were performed a t  the 

Environmental   Protect ion  Bioassay  Laboratory  by  p lacing  juveni le  ra inbow 
t r o u t   i n   t a n k s   f i l l e d   w i t h   p u r e   s t o r m w a t e r   e f f l u e n t .  The f i s h  became exc i ted  
upon i n t r o d u c t i o n   t o   t h e   e f f l u e n t ,  were exhibi t ing  coughing  responses  wi th in 
5 minutes,   fo l lowed  by  errat ic  swimning  af ter  10 minutes.  After 20 minutes 

Y 
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they had lost equilibrium,  exhibited irregular g i l l  movement and were 
unresponsive t o  touch. The tes t   i s  designed t o  1 ast for up t o  96 hours, 
however death of a l l  the test specimens  occured w i t h i n  40 t o  120 minutes. 
General  water qua l i ty  analysis performed on the bioassay samples and other 
samples indicate t h a t  the majority of the parameters were w i t h i n  acceptable 
levels. Aluminum, iron and silicon were elevated i n  one o f  the bioassay 
samples and may have had a minor contribution t o  i t s  toxicity.  

Rainfall occurs year round i n  the British Columbia coastal regions 
w i t h  6-7 days of precipitation averaging 6 m/day occuring  during July w h i c h  
i s  the dryest month (Figure 23, 24) .  This i s  sufficent  rainfall t o  produce 
the type of runoff  discussed earlier. The direct  affect such discharges have 
on resident, migratory fish, and other aquatic organisms  has not been 
documented.  Migratory juveniles such as salmon, steel head trout and 
eulachons are most 1 i kely t o  be affected during the downstream migration i n  
late February  through  June  which occurs i n  most of the coastal rivers, 
especially the Fraser. Resident fish species are 1 ikely t o  receive a 
continuous i n p u t  of chlorophenol s. I t  i s  conceivable t h a t  fish k i l l  s of 
juveniles could occur i n  the aftermath of a significant storm event and t h a t  
these kil ls  would go undetected because the small fish  are not highly visible 
and could be  washed away or eaten by other fish and birds. 
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CONCLUSIONS 

Based on the  data  co l l   ected and the  observations made dur ing  the 
1986/1987 study  of  storm  water  runoff from f i v e  saw m i l l s  and  two  lumber 

export   terminal  s it can be concluded  that: 

1. The l e v e l  s o f  chlorophenol s i n  mil 1 r u n o f f   i s  dependent  upon the  

f o l l  owing  parameters: 

1. I n i t i a l  chemical  formulation; 

2. Treatment  appl icat ion method; 

3 .  Lumber cut   ( rough vs planed) ; 
4. Lumber packaging and stacking; 

5. Lumber drying  t ime; 
6. R a i n f a l l   i n t e n s i t y  and duration; 

7. Amount o f   t reated  lumber  on s i t e ;  
8. Normal  vs  abnormal operations ( i  .e. has the 

lumber been cu t   o r   t rea ted   p roper l y ) ;  and 
9.  General  housekeeping  practices. 

2. Chl  orophenol s will leach from treated  lumber  under a1 1 cond i t i ons   o f  
exposure t o   r a i n f a l l .   T h i s   i n c l u d e s  up t o   e i g h t  days o f  drying, 13 
consecutive days o f   r a i n f a l l  and 18 days  of a1 te rna t i ng  wet and dry  
periods. The highest  concentrat ions were  measured i n  rainwater  dr ipping 
d i r e c t l y  from the 1 umber packages be fore   fu r ther   d i lu t ion   occur red  on the 
paved storage  yard. The  wood exposed t o  r a i n f a l l   f o r   t h e  first time, 

ranged from 8 816 ppb t o  576 000 ppb.  The average  concentrations i n  
sur face   runof f   d ra in ing  from the lumber  storage  yards was found t o  range 

from 180 t o  27 500 ppb total   chlorophenol  s. These concentrat ions were i n  

the  same order  of  magnitude as those  found i n  s imu la ted   ra in fa l l   s tud ies  
conducted by For in tek Canada Corporat i  on. 

3 .  Total  annual 1 oading o f   c h l  orophenol s t o   t h e  environment can  be 
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4. 

5. 

6. 

7. 

8. 

estimated using  the local average t o t a l  precipitation, storage yard  area 
and average concentration of chlorophenol s i n  yard  runoff for the 
specific lumber storage  conditions. 

Stormwater  runoff from storage yards containing chlorophenate treated 
lumber can be acutely toxic t o  fish. Acute lethal  static fish bioassays 
of pure  stormwater runoff resulted i n  100% mortal i t y  w i t h i n  40 t o  120 
minutes . 
The acute 1 ethal toxici ty  (96 hr LC501 range of 32 t o  130 ppb for 
salmonids was  exceeded virtually 100% of the time a t  a l l  the storage 
yards monitored. 

Storm water runoff from wood protection mills contains a complex mixture 
of  contaminants. The concentrations o f  the  majority of these 
contaminants 1 ie w i t h i n  acceptable ranges and would not  be expected t o  
pose a threat t o  the receiving environment.  Elevated concentrations of 
specific metals  occurred infrequently and therefore do not  constitute 
cause for concern. The chlorophenol component of the wood protection 
stormwater effluent  is of primary  concern. 

The  alkaline  buffers used t o  maintain the chlorophenate i n  solution 
before application t o  lumber may buffer the acidic reaction a t  the lumber 
interface  after application thereby i n h i b i t i n g  the f i x a t i o n  of the 
chlorophenol s t o  the wood surface. 

The leaching of chlorophenol s may be reduced by a1 ternate or addi t iona l  
forms of protection which include: 

- wrapping of treated lumber w i t h  water resistant papers  or plastic; 
- t o t a l  coverage of treated lumber; 
- use of kiln drying i n  place of chlorophenol s; 
- coat ing w i t h  wax or polymer sealing  films; 
- a1 ternative chemicals w i t h  low leachability; 
- treatment of contaminated runoff; 
- combinations of the above. 
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1 INTRODUCTION 

Chlorophenol wood pro tec t ion   chemica ls   a re   a   h igh   p r io r i t y   fo r  
assessment  and c o n t r o l   i n   B r i t i s h  Columbia  because o f   t h e i r   t o x i c i t y  , la rge  
quant i   t ies   used and po ten t i  a1 f o r  environmental  re1 eases.  Stormwater runo f f  
from saw mil 1 s and 1 umber expor t   terminals  was suspected as a s i g n i f i c a n t  
source of   contaminat ion based on f indings  recorded i n  a 1978 Environment 
Canada study  of  chlorophenol  contamination i n   rece iv ing   wa te r   ad jacen t   t o  
mill si tes .  

I n  1984,  a j o i n t   E n v i r o n m e n t  Canada/B.C. M i n i s t r y   o f   t h e  
Environment/B.C. Fores t   Indus t ry   repor t   en t i t led   "Ch lorophenate  Wood 
P r o t e c t i o n ,   R e c o m m e n d a t i o n s   f o r   D e s i g n   a n d   O p e r a t i o n " ,  
( o r  "Code o f   P r a c t i c e " )  was developed t o  improve  chemical  handling 
techniques,  worker  safety and environmental  protection. 

A recomnendation for  covered  f inal   storage  of   chlorophenol   t reated 
lumber was not  included i n   t h e  Code  due t o   i n s u f f i c i e n t  da ta   ava i l ab le   a t  
that   t ime. An interim  recomnendation  of  1/2  hour  covered  drip  t ime  plus two 
hours  o f   covered  f ixat ion  t ime was included i n   t h e  Code un t i l   l each ing   da ta  
was avai 1 ab1 e. 

The  Code  was d i s t r i b u t e d   t o   t h e  B.C. f o r e s t   i n d u s t r y   m i l l s   i n  1984 
and  a one year   per iod was adopted for   vo luntary   implementat ion  o f   the 
technica l  recommendations. The m i l l s  were monitored  for  compliance  with  the 
code recomnendations by using a mill survey  questionaire. The 1984 
compliance  assessment  survey r e p o r t  ( 7 )  est imated  that  "most m i l l s  had 
insta l led  conta inment  and recyc le  systems i n  mix rooms, on spray u n i t s  and i n  
dip  tank  drip  areas.  Most  chemical  storage  areas were a1 so contained and 
covered. However, many dip  tanks and lumber d r i p  areas were uncovered and 
few mil 1 s prov ided  covered  f ina l   s to rage  fo r   the i r   t rea ted   1  umber. 

I n  1984 Environment Canada comnissioned  Forintek Canada Corp t o  
perform  a  laboratory  leaching  study on chlorophenate  treated  lumber ( 5 ) .  The 
study  found  that  the  treated  lumber  stacks have an absorpt ive  capaci ty  and 
leaching  from a lumber package d id   no t   occur   be fore  20 m inu tes   ( f o r   f resh ly  
dipped) t o  3 hours  (for  sprayed  1 umber) a f t e r  a   s imu la ted   ra in fa l l   o f  50 - 80 
mn/day began. This was 7 t o  10 t imes  the  average  ra in fa l l   in tens i ty   expected 
during  the  study  period. 

A f i e l d  study  by  Environment Canada was i n i t i a t e d   i n   l a t e  1986 t o  
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determi ne the  degree o f  chlorophenol  1  eachi  ng  from  treated wood and contamination 
o f  stormwater  runoff. 

1.1 Objectives and C r i t e r i a  
The objectives  of  the  "stormwater  leaching  study' '  were: 

1. To undertake  a  sampling  program t o  determine  chlorophenol  concentrations i n  
storm  water a t  10 sawmill  s/export  terminal s using sodium 
tetra/pentachlorophenate. 

2. To conduct  chemical  analysis on the  water samples t o  determine 
concentrat ions  o f  2,3,4,6-tetrachlorophenol (TTCP) and pentachlorophenol 
(PCP). 

Locations  for  the  storm  water  study were selected  according  to  the 
f o l l o w i n g   c r i t e r i a :  

1. Env i ronmenta l   sens i t i v i t y   o f  mill locat ion ;  
2. Release  problems  associated  with  the  si te; 
3. Def ic iency o f  containment  technology on the   s i t e ;  
4. Past  problems  associated  with  the  si te; 
5. Treatment  technology ( t o   c o v e r   t h e   f u l l  range o f  o l   des t  

t o  newest inc lud ing   d ip   tanks  , 1 ow pressure  spray and h igh 
pressure  spray  systems) and 

6. The forms o f  packaging were to  include;  rough  cut   loose packages and; 
planed,  strapped and  end sealed packages. 

1.2 Number o f  M i  11 s i n  the  Region 
The 1986 Environment Canada,  Compl iance Assessment Report on Wood 

P r o t e c t i o n   ( a n t i - s a p s t a i n )   F a c i l i t i e s   i n   B r i t i s h  Columbia i d e n t i f i e d  100 wood 
pro tec t ion   loca t ions  ( 7 ) .  Seventy-seven p lants   (sawmi l ls  and expor t   terminals)  
reported  the  use  of  chlorophenol s. 

Based on t h e   c r i t e r i a   i n   t h e   c o d e - o f - p r a c t i c e  and i n f o r m a t i o n   i n   t h e  
assessment repor t ,  31 wood p r o t e c t i o n   s i t e s  were i d e n t i f i e d   i n   t h e   l o w e r   F r a s e r  
River ,   Burrard  In le t  and Howe Sound area. O f  these, 15 were surveyed t o  meet the 
c r i t e r i a   f o r   t h e  stormwater  study. Ten s i t e s  were se lec ted   fo r   the   s tudy  and 
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five 1 umber mil 1 s and two export terminal s were eventually monitored 
(Figure 1). The monitoring occurred over a four m o n t h  period from the end of 
October 1986 t o  the end of January 1987. 

1.3 Technology o f  Chemf cal Appl f catf on 
There are  three variations of chlorophenate application technology 

used i n  the forest  industry, d i p  treatment, low pressure, and h i g h  pressure 
spray appl icat ion.  (For detailed  descriptions see reference #6.) 

1.3.1 Dip Tanks. Dip treatment involves a batch system  where a 
package of 1 umber is either  carried i n t o  a t a n k  f i  11 ed w i t h  treatment 
solution by a lumber straddle  carrier or  lowered i n t o  a t a n k  by a hydraulic 
fork l i f t  system. In-line d i p p i n g  dur ing  lumber production i s  achieved by 
using rollers t o  depress lumber i n t o  a chemical solution tank on a production 
sorting chai n. 

I n  a l l  cases the lumber i s  saturated and wet t o  the touch. after 
processing and i s  usually a1 1 owed t o  drip on a pad t o  remove excess 
solution. Drip  times  ranged from h hour t o  24 hours for the study mills. 

1.3.2 Low Pressure and Hfgh Pressure Spray Systems.  Spray 
systems  provide continuous in-line treatment of ind iv idua l  pieces of rough 
and planed 1 umber i n  the  production mil 1 The 1 umber i s  passed  through  the 
spray box longi tudina l ly  or  transversly as rough cut  i n  the sawmill or  
dimensioned 1 umber i n  the planer mil 1 . Low pressure sprayed 1 umber i s  
generally found i n  older mills and many of the boxes are custom  made by 
sawmi 11 mil 1 wrights. The spray has a 1 arge droplet  size and the 1 umber feel s 
wet t o  the touch after  exiting the spray box. 

High pressure spray boxes are used i n  l o n g i t u d i n a l  or transverse 
systems. The nozzles have  very  small orifices  (several thousandths of an 
inch) and produce a very fine mist. Lumber exiting the box does n o t  feel wet 
t o  touch after  exiting the  spray box. 

1.4 Treated Lumber Storage 
The covered storage of treated lumber  ranged  from zero t o  24 hours 
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and i n  most cases was $ t o  2 hours 1 ong. In many cases rough cut  1 umber i s  
treated, piled as  unstrapped  packages 1.0 m h i g h  x 1.1 m wide and stacked 
three packages high .  The  lumber i s  then stored on the  yard for up t o  three 
months  depending on the grade and market after which  i t  i s  moved t o  the 
planer mil 1 for dimensioning. A second treatment i s  appl ied after p l a n i n g  
and the 1 umber i s  cut  t o  length, packaged by t i g h t l y  wrapping w i t h  two t o  
three metal straps and end sealed w i t h  a colored pa in t .  These  packages are 
then moved t o  a storage yard and stacked three t o  seven  packages h i g h  t o  
await shipment. The  second storage time may a1 so be up t o  three months or 
more  depending on the grade and market conditions. 

The  lumber is then  shipped t o  export terminals or  United States 
destinations by ra i l ,  truck, barge or ship and may experience a w a i t i n g  
period of several months t o  one year on the  terminal yards. Lumber storage 
a t  the terminal was generally four t o  seven  packages h i g h .  

1.5 Total Annual Precipitation: 30 Year  Average  Values 
Precipitation is monitored by the Atmospheric  Environment Service 

of Environment Canada a t  numerous stations i n  the province. For most 
stations the precipitation i s  recorded i n  hourly intervals and t o t a l  
accumulations are reported i n  da i ly ,  monthly and annual totals. In  general 
the average station has statistical data  based on 30 years of observations. 
Total precipitation i s  highly variable over the province and even i n  
relatively small geographical regions w i t h i n  the same ci ty .  Proximity t o  
water  bodies and land elevations  are predominant factors. Annual 50th 
percentile  precipitation values i n  the study area ranged  from 1 094 mm a t  
Vancouver International Airport t o  2 222 mm a t  Squamish.  Table 1 1 is ts  the 
statistical records for the major stations i n  the study areas as well as 

other major centers i n  B.C. 

1.5.1 Rainfall Frequency and Intensity. Table 2 l i s t s   r a i n f a l l  
frequencies, accumulations and storm intensity  probabilities  for the two 
extreme  ranges w i t h i n  the study area. These  numbers are based on 30 year 
averages and they indicate t h a t  six t o  seven  days of measurable rainfal l  over 
5-7 mm per event can be experienced  during the dryest month  of July 
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i nd i ca t i ng   t ha t   con tamina ted   runo f f   i s  a year  round  problem. 
Storm in tens i t y   p robab i l i t i es   i nd i ca te   t o ta l   ra in fa l l   accumu la t i on  

of 44.2 mn t o  78.7 mm/day are  possible. These events have caused f l ood ing  

problems a t   t he   t rea tmen t   s i t es  and storage  yards, as we1 1 as c rea t i ng   l a rge  
quan t i   t i es   o f   runo f f .  

TABLE 2 STORM  WATER CRITERIA:  RAINFALL FREQUENCY AND INTENSITY 

MONTH MEASURABLE  RAINFALL 
(days/month) 

Vancouver A i r p o r t  

September 
October 
November 
December 
January 
February 
March 
Apr i 1 
May 
June 
July 
August 

10.0 
15.0 
18.0 
21.0 
20.0 
16.0 
16 .O 
13.0 
10.0 
10.0 
6.0 
8.0 

\NNUAL  TOTAL I 163.0 

AVERAGE RAINFALL 
(mm/day 1 

6.71 
7.6 
8.3 
8.7 
7.7 
7.2 
6.3 
4.6 
5.2 
4.5 
5.3 
5.1 

MONTHLY AVERAGE 
RAINFALL (mm/month) 

67.1 
114.0 
150.1 
182.4 
153.8 
114.7 
101 .o 
59.6 
51.6 
45.2 
32.0 
41.1 

1 112.0 

CONTINUED.. . 
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TABLE 2 (Continued) 

MONTH 

~ 

Squami sh 

September 
October 
November 
December 
January 
February 
March 
Apr i 1 
May 
June 
J u l y  
August 

iNNUAL  TOTAL 

MEASURABLE  RAINFALL 
(days/month 1 

12 .o 
15.0 
18.0 
21 .o 
19.0 
16.0 
15.0 
13.0 
11 .o 
10.0 
7.0 
8.0 

165.0 

AVERAGE RAINFALL 
(mn/day 1 

10.6 
20.1 
17.5 
16.6 
16.5 
14.6 
12.6 
11.5 
7.1 
6.9 
7.5 
9.1 

MONTHLY AVERAGE 
RAINFALL (mm/month) 

127 .O 
301.3 
314.4 
347.8 
313.2 
234.3 
188.9 
149.1 
77.2 
68.5 . 
52.3 
73.0 

2 247.0 

I STORM INTENSITY PROBABILITIES I 
Vancouver A i  m o r t  

1 day c u m u l a t i v e   r a i n f a l l   o f  44.2 mn every 2 years 
2 days c u m u l a t i v e   r a i n f a l l   o f  60.6 mm every 2 years 
3 days c u m u l a t i v e   r a i n f a l l   o f  70.1 mn every 2 years 

I Squami sh 

1 day c u m u l a t i v e   r a i n f a l l   o f  78.7 mm every 2 years 
2 days c u m u l a t i v e   r a i n f a l l   o f  116.4 mn every 2 years 
3 days c u m u l a t i v e   r a i n f a l l   o f  152.5 mn every 2 years 
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SAMPLING PROCEDURES 

a 

I 

I 

Drainage  basin  markings on lumber  storage  yards were of ten  obsolete 
due t o   t h e   s e t t l i n g   o f   t h e  pavement af ter   severa l   years  o f  use. The sample 
s i t e s  were surveyed  using a l e v e l  and t r a n s i t   t o   e s t a b l   i s h   t r u e   e l e v a t i o n ,  
bas in  s ize and lumber  content. 

I n i t i a l   p l a n s   t o  use automatic  samplers were abandoned due t o   t h e  
combina t ion   o f   the   r i sk   o f   c ross   con taminat ion ,   d i f f i cu l ty   o f   secure   s to rage 
i n  an act ive  product ion  area and l a c k   o f  power supplies. A1 1 chlorophenol 
and water  qual i t y  samples  were co l  1 ected as manual grabs. 

2.1 Sam1 i ng o f  Undi 1 uted  Leachate  for  Chl  orophenol s 
Leachate  dripping  from  treated  lumber was c o l l e c t e d   i n   h e a t  

t reated,   pest ic ide  analys is  grade, pyrex   g lass   t rays   p r io r   to   fu r ther  
d i l u t i o n  on the m i  11 yard. The t rays  were i nse r ted  between the spaces  used 
to  separate  the 1 umber stacks. The samples  were co l  1 ected as a continuous 
composite o f  which a 1 L a l i q u o t  was taken whenever there was s u f f i c i e n t  
vol ume. 

2.2 Yard  Runoff  Flow Measurement 
Sandbags wrapped i n  polyethylene bags  were  used t o  form a dam 

around  the manhole and d i r e c t   a l l   f l o w   t o  one loca t i on   (F igu re  2). During 
most  storm  events  the  water  would  migrate i n  a p a r t i c u l a r  low channel i n   t h e  
bas in   to   the  manhole  and o n l y   d u r i n g   s h o r t   p e r i o d s   o f   h i g h   i n t e n s i t y   r a i n f a l l  
d id   runo f f   f l ood   t he  sand bags. 

A ca l   ibrated  bucket  was used t o  monitor  f low whereby t ime  to  fill a 
standard 15 L volume was measured us ing a stop watch. Since a1 1 f l ow  was 
d i r e c t e d   t o  one area   the   to ta l   f low  cou ld  be co l lec ted .  A minimum o f   t h ree  
determinat ions  o f   the  f low  ra te were  used t o   c a l c u l a t e  each recorded 
measurement (F igure 2 ) .  

2.3 Sampling o f  Yard  Runoff  for  Chlorophenol s 
All samples  were c o l l e c t e d   i n  1.0 l i t r e  amber g lass .   pes t i c ide  

ana lys is   g rade  bo t t les   w i th   fo i  1 1 ined 1 ids   (F igure  2 ) .  The samples  were 
col lected  manual ly  by  moving  the  bott les back and f o r t h  across  the  runoff  
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f l o w   u n t i l   t h e   d e s i r e d  volume was 
t o   r e f l e c t   s i g n i f i c a n t  changes 

col   lected. 
i n   s i t e   a c t  

Sampling  frequency was adjusted 
i v i t y  and s t o r m   i n t e n s i t y .   I n  

general, when a r a p i d  change in   ac t i v i t y   o r   s to rm  i n tens i t y   occu r red   samp l ing  
frequency was increased. A t  t h e   s t a r t   o f  a storm  event an i n i t i a l  1.0 L grab 
was taken o f   t h e   r u n o f f   f o l l o w e d  by one hour o f  15 minute  composites. The 15 
minute  composites were made up o f  2x7.5 minute  grabs o f  500 m l  s each. 
Depending on the  progression  of   the  storm  intensi ty and s i t e   a c t i v i t y   t h e  15 
minute  composites were extended t o  h hour  composites o f  2x15 minutes 500 m l  
grabs.  (This was the  sampling  regime  used most of ten) .  The h hour 
composites  would  then be extended t o  one hour  composites made o f  4-15 minute 
grabs o f  250 mls. The longest  composite  t ime was four  hours made up o f  4-1 
hour  grabs o f  250 m l  volumes. 

Af ter   sampl ing,   the  bot t les were s t o r e d   i n   c o o l e r s  and d e l i v e r e d   t o  
the   l abo ra to ry   w i th in  12 t o  20 hours  for   storage and analysis. A1 1 samples 
were kept  a t  40C a f t e r   c o l l e c t i o n .  

2.3.1 Analysis  of   Yard  Runoff   for   Chlorophenol  s. Chlorinated  phenol s 
were determined  by  using an extract ion  procedure  fo l lowed by d e r i   v a t i z a t i o n  
and then  quant i f icat ion  by gas chromatography  using an e lect ron  capture 
detector  (Appendix I ,  Appendix 11). An in ternal   qual  i t y  cont ro l  program by 
the  cont ract   laboratory   (Appendix  I 1  ) and an external  qual i t y  control  program 
by the  West Vancouver Laboratory  Services - Environmental  Protection (EP Lab) 
was carr ied  out  using  blanks,  spiked samples  and s p l i t   d u p l i c a t e s   o f   f i e l d  
samples (Appendix I I I 1. 

2.4 S a r p l   i n g   o f  Yard Runo f f   f o r  Other Water Q u a l i t y  Parameters 
Storm  water  ef f luent samples  were co l lec ted   fo r   water   qua l  i t y  

analyses  from s i x  of the  seven mil 1 s monitored. No samples  were c o l l   e c t e d  
from Mill #3. 

As w i th   t he  sample co l lect ion  for   ch lorophenol   analys is ,  sampl i n g  
for  other  water  qual i ty parameters began a t   " f i r s t   f l u s h "   w i t h  7.5 minute 
i n t e r v a l s  combined  as  15 minu te   compos i tes   fo r   the   f i r s t   th ree   hours .  
Thereafter,   the  storm  water  ef f luent was sampled a t  15 minu te   in te rva ls  
combined  as hourly  composites. Some var iat ion  in  sampl ing  f requency  occurred 
as a r e s u l t   o f   s t o r m   c h a r a c t e r i s t i c s .  
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Samples col 1 ected for t o t a l  and suspended  sol ids, t o t a l  organic 
carbon, o i l  and grease, nitrogen (as NOz, NO3 and NH3), phosphorous and 
metal s were col 1 ected, preserved and stored for analysis i n  accordance w i t h  
the methodology outlined i n  the Environment Canada Laboratory Manual (20) .  
Laboratory analyses were  performed either by CanTest Laboratories Limited or 
the EP Laboratory. 

2.5 

using und 
col 1 ected 
coll ected 

Sampling  of  Yard  Runoff for Fish Bioassays 
Two acute lethal  static fish bioassay tests (LT50*)  were  performed 

i l  uted yard runoff col 1 ected a t  mil 1 s X4 and #6. Grab  samples  were 
i n  one 1 i tre, amber glass bottles each  time a runoff sample was 
for chlorophenol analysis. The bioassay  grabs were  composi ted i n  

two 12.5 L heat treated gl ass jars. The composite  samples  were stored i n  the 
dark a t  40C and the bioassays were  performed w i t h i n  36 hours of sample 
coll ection. 

2.6 Physical Water Qual I ty Measurenents 
Water temperature, d i  ssol ved oxygen, pH and  c o n d u c t i v i t y  

measurements  were  made i n  the field using a Hydrolab  Surveyor I1 i n  situ 
water qual i ty  analyzer w i t h  field data  logger (Model 5100-A). Visual 
observations of dirt,  turbidity,  color, o i l  films and flow were a1 so recorded 
i n  the following format. 

" 

*LT50 is  the Lethal Toxicity time a t  which 50% of the test  organisms die 
after continuous  exposure t o  the undiluted effluent. 



- 13 - 

I 

Water  Qual i t y  and  Flow Measurements 

Note   the   p resence   o f   o i l   f i lms ,   d i r t ,   tu rb id i ty ,   co lor ,   f low,  pH, 

conductivity,   temperature,  dissolved oxygen. Maximum i n t e r v a l   o f  1 hour. 

S t a r t  Time 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 

0.00 h r  

Comments 

F1 ow 
Time t o  

F i l l  15 1 
seconds 

F1 ow 
1 / s  

PH Conductivity Temperature  Dissolved 
O C  Oxygen 

mg/l 
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2.7 Recording Weather Condlt ions and T o t a l   P r e c i p i t a t i o n  
Storm  condit ions and t o t a l   p r e c i p i t a t i o n  were recorded i n   t h e  

f o l  1 owing  format. 

Weather Condit ions 
D u r a t i o n   o f   r a i n f a l l   c o n d i t i o n s ,   i . e .   s p e c i f y   t h e   i n t e n s i t y   a t  a 

maximum one hour  interval  corresponding  to  sampling  t imes:  i .e.  fog, 
dr izz le ,   s teady  ra in ,  down pour and cumulat ive  ra in  gauge reading i n  mn. 

I n t e n s i t y  mm I n t e n s i t y  mm 

0 h r  

1 h r  
2 h r  

3 h r  

13 h r  

14 h r  

15 h r  

16 h r  

4 h r  17 h r  

5 hr  

6 h r  

7 h r  

8 h r  

9 h r  

10 h r  

11 h r  

12 h r  

Comments 

18 h r  

19 h r  

20 h r  

21   h r  

22 h r  

23 h r  

24 h r  

t 

mB 

M 
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2 .a Record1 ng S i t e  Act lv l  ty 
The fol lowing  observat ions were recorded a t  a1 1 s i t e s   a t  a1 1  storm 

events. 

I n d u s t r i a l   A c t i v i t y :  Mill 
Date 

- Type o f  Lumber produced 

rough il planed - packaged - , end sealed - other  
U U U 

- Treatment Method: Brand o f  Chlorophenate 

sprayed  sprayed  drive-in - 
high  pressure a , 1 ow pressure 0 , d i p  u chain dipped ij 

hydraul i c - cross  chain 1  ongi   tudi   nal  0 d i p  u spray?  or  d ip? , spray 0 
- D r i p  Time 

- Covered Storage Time 
- Volume o f  Wood i n   t h e  Storage  Basin m3 
- Lumber dimensions:  length m 
- he igh t  m 

width m 
- Lumber Package dimensions: leng th  m 

m he igh t  m 
width m 

- He igh t   o f  Lumber Stacks o r  Number o f  Packages per  Stack 

- Drainage  Basin Area m x  m (or  sketch on back  page) 
u 

- Comments ( I d e n t i f y  a1 1  sources o f  chlorophenates  which may d ischarge  to  
m the  catch  basin . 
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3 DIP TREATED LUMBER 

Hydraulically dipped 1 umber  was monitored  under a variety of 
conditions including:  
- Leachate dripping directly from planed  lumber before further d i l u t i o n  by 

rainfall combined w i t h  drying  times after treatment varying from zero t o  24 
hours. 

- Runoff from the mill yard containing wood which  was rough cut, unstrapped 
and had greater t h a n  24 hours drying time after treatment. 

- Runoff from mill yards containing wood which  was planed, strapped and end 
sealed and had greater than 24 hours  drying  time. 

3.1 Dipped Luaber (P1 aned) , Undil u k d  Leachate, MI1 1 12, 
November 13-20, 1986 

Undiluted leachate from a specific lumber stack was monitored for 
eight  rainfall events over 13 days w i t h  a total  precipitation of 239 mm 
(Figure 3A). Samples  were  taken of leachate running off the exterior of the 
lumber  package as well as percolating through the interior (Figure 3 ) .  

Exterior  leachate ranged from 698 ppb t o  90 000 ppb w i t h  an average 
value of 50 288 ppb total  chlorophenol s. The low values occurred  before  the 
lumber stacks became saturated.  Interior  leachate ranged  from 5 854 t o  
158  748 ppb averaging 54 000 ppb to ta l  chlorophenol s (Figure 3B). 

The packages  were freshly dipped and stored i n  a drainage area for 
24 hours prior t o  the test. A fresh bund1 e o f  1 umber  was  added t o  the test 
stack on November 19. Figure 38 shows the trends i n  leaching over  time. 

The t o t a l  exterior concentrations peak f i r s t  as a result of the 
wetting of exterior  surfaces. These concentrations show a rapid decline w i t h  
time as the quantity of easily leachable chemical decreases. 

The t o t a l  interior concentrations peak several days later as time 
i s  required for the lumber  package t o  saturate. The interior concentrations 
are much higher which may be attributed t o  several factors including l i q u i d s  
entrained between the t i g h t l y  packed  lumber surfaces and the longer surface 
contact time as the water percolates through the stack. These concentrations 
are several orders of magnitude greater t h a n  the LC50 for salmonids. 

L 
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FIGURE 3 MILL #2, NOVEMBER 13 - 26, 1986 MONITORING OF 
UNDILUTED LEACHATE FROM DIPPED LUMBER. 
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Table 3 indicates t h a t  the t o t a l  concentration of chlorophenol 
averaged 55 977 ppb i n  interior package drippings and 32 302 ppb i n  exterior 
package d r i  pp i  ngs. 

3.2 Dipped  Lumber - Rough C u t ,  Unstrapped - Yard Runoff - 
Mil 1 #4 - Drain 1 - December 20, 1986 
The storage area for dipped 1 umber a t  mil 1 #4 was  co-moni tored w i t h  

the area used for spray treated 1 umber.  During the roni toring period no 
1 umber  was  added  or  removed  from the site. There  was no speci f i  c runoff 
collection basin and surface  sl opes  were  such t h a t  runoff could flow t o  the 
perimeter of the site. Primary drainage occurs a t  two locations and samples 
were  taken a t  si te TD1 (Figure 4 ) .  

3.2.1 Precipitation, Flaw, Concentration and Loading. Precipitation 
was continuous, moderate t o  heavy throughout the test period w i t h  a t o t a l  
accumulation of 15.0 mm (Figure 4A). 

F1 ow rate was difficult t o  measure  because the discharge was 
nonspecific. Some small barriers were set up t o  direct the major port ion of 
the flow for measurement. F1 ow fluctuations d i d  correlate  directly w i t h  
ra infal l  patterns (Figure 4A vs. 4B). 

The 1 umber i n  the drainage basin had an undetermined  mixture of 
storage times and had experienced an unspecified quantity of rainfall. No 
freshly dipped 1 umber had been  added t o  the drainage basin for several days. 

Chlorophenol concentrations were generally 1 ower than expected, 
however the nonspecific f l  ow pattern and previous rainfall may have  been the 
major cause. Total concentrations averaged 1X-2X the LC50 for salmonids 
(Figure 4C). Loading was significant a t  8.28 grams for the test period and 
i s  expected t o  be higher  under conditions where freshly  treated 1 umber i s  
stored and a1 1 the runoff  discharged t o  one 1 ocation (Figure 4D). 

3.3 Dipped Lunbcr (Planed, Strapped and End Sealed), Yard Runoff 
The runoff from catchment basins containing lumber which had been 

planed, strapped, end sealed and then d i p  treated was monitored a t .  two sites. 
Each si te had greater t h a n  24 hours of drying time before exposure t o  
rainfall . 
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LIMBER TREATMENT AND HIWDLINS VARIABLES 

1) APPLICATIW METHOD 

RDUSH CUT HlDRAULIC DIP : 485D p p  m 
YITH DIATDX 1920 ppm PENTA 

701 MILOCK/ 302 FIR 2) LIMBER TYPE 

3)  PACKAGING 

LOOSE  PACKAGES 
LUFBER D I K N S I W S  

PACKAGE D I K N S I W S  

0.025 x 0.102 I (1' x 4') 

1.02 x 1.02 (40' x 40') 

VARIWS 

SEVERAL HDURS TO DAYS, LUBER IS TREATED 
BY HYMUULIC OIPPIWi AND A L L M D  TO ORIP 
ABOVE  THE TANK FOR ONE HOUR. THE LUBER 
HAS BEEN  OBSERVED To BE STILL DRIPPIYS 
WILE BEING TRAUSPORTED TD THE YARD. 

4) F I N N  TREATWENT DATE 

5 )  ORYINS TIME 
" -*""- _._"" 

6 )  SITE DBSERVATIWS 

J.5 ' .Ot 

MDED OR RElOVEO FRW THE SITE. THERE IS ND 
DURING THE WONITORING  PERIOD NO L W E R  WAS 

SPECIFIC DRAINAGE  PATTERN W THE SITE AUO 

THE  FRASER RIVER AT SEVERAL SITES. FOR THIS 
RUNOFF  DISCHARGES DIRECTLY TO THE SURFACE OF 

REASW. OILUTIW FACTORS CAN NOT MTCH THf 
RAINFALL PATTERN. 

20.4 WARD FEETlSOUME ICTER. 

92  250 1 (20 319 011) 

68 ppb PENTA-CHLOROPHENOL 
171 ppb TETRA-CHLOROPHfmlL 

258 ppb TOTAL 

3 1  Y 

n 7 )  LWBER LOMIff i  

8 )  TDTU FLW VOLIME 

9) AVERAGE CWCENTRATIWS 

m 

FIGURE 4 MILL #4, DECEMBER 20 - 21,  1986 
STORM EVENT. 
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3.3.1 Mil 1 12 , October 29-30, 1986. The lumber  stored i n   t h e  
drainage  basin had been subjected  to  23 mm o f   r a i n f a l l  48 hours p r i o r   t o   t h e  

October 29 storm  event  (Figure 5) 

3.3.1.1 Prec ip i t a t i on ,  Flow, Concentrations and Loading. P r e c i p i t a t i o n  
and f l o w s   c o - r e l a t e d   d i r e c t l y   i n   t h a t   f l o w s  matched increases and decreases 

i n   r a i n f a l l   w i t h   v e r y   l i t t l e   l a g   t i m e   ( F i g u r e  5A vs 5B) .  Cumulative 
p r e c i p i t a t i o n   f o r   t h e   t e s t  was  6.3 mn over 8 1/2  hours  (Figure 5 A ) .  The 
1 umber dens i ty   in   the   d ra inage  bas in  was 87.9 boardfeet/m2 and had been 
stored  under  dry  condi t ions  for  12 days. This was f o l  1 owed by 23 mm o f  

p rec ip i t a t i on   ove r  a 48 h o u r   p e r i o d   p r i o r   t o   t h e   t e s t .  
The concentrat ion  o f  PCP was general ly  higher  than TTCP which i s  

unexpected due t o  the   2 : l  TTCP/PCP r a t i o   i n   t h e   d i p   f o r m u l a t i o n   ( F i g u r e  5C). 
The  LC50 for  salmonids was exceeded an average o f  2.5X f o r  PCP an 1 .OX 

f o r  TTCP. Tota l   ch lorophenol   loading  for   the  test  was 7.7 g (F igure 5D).  

3.3.2 Mill #2, November 13, 1986. T h i s   s i t e  was a d i f fe ren t   d ra inage 
bas in  than  the  s i te   moni tored on October 29, 1986. The lumber i n   t h i s   b a s i n  

had been s to red   f o r   f ou r  days  and  had already  experienced 6.1 mm o f   r a i n f a l l  
w i th in   the   p rev ious  48 hours  (Figure  6). 
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5B - Y I L L  It O C T  29-30/86 C A T C W N T  FLOW - 

I r LWBER TREATMENT AND HANDLING VARIABLES . 

11 APPLICATIDN METHOD 

ROUGH CUT NDNE I. 
n 

PLANED CUT DIPPED I N  VOODBRITE 3260 ppm TETRA 
24  1540 ppn PENTA 

HCKOCK/BALSAH/FIR 21 LWBER TYPE 

3 1 PACKAGING 

LUMBCR OIllENSIONS 
STRAPPED L W E R  

PACKAGE DIWENSIDNS 

4) FINAL TREATMENT DATE 

51 DRYING TIME 

6 )  SITE DBSERVATIDNS 

0.05 a x 0.15 a (2' x 6') 
0.61 II x 0.91 a ( 2 f t  x 3tt )  

OCTOBER 15. 1986 

M L V E  DAYS 

I I 1 

- SUBJECTED TO 23 m OF RAINFALL 4B HDURS 

- STEADY RAIN BEGAN AT 14:30 - O I L  KICK U S  VERY EVIDENT 

PRIOR TO THE OCTOBER 29TH TEST. 

87.9 BDARDFEEl/SQUARE lETER 

22  456 1 0946 ga l )  

259 ppb PENTA-CHLDROPKNOL 
98 ppb TETRA-CHLOROPHENOL 

u 
1.6 

1. .  1 7 )  LWBER LOADING 

8 )  TOTAL F L W  VOLWE 

9) AVERAGE CDNCENTRATIONS [ 1- 
0.. 

O ?  

F I G U R E  5 MILL #2,  OCTOBER 29-30, 1386 
STORM  EVENT. 

L 
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3.3.2.1 Prec ip i t a t i on ,  Flow, Concentration and  Loading. 
P r e c i p i t a t i o n  and f lows  fol lowed  the same p a t t e r n   o f   d i r e c t  

corre la t ion  observed  e l  sewhere. Total  accumulation was 10.5 mm over 18 

hours  (Figure 6A). 
Lumber density in   the  dra inage  bas in was 35 boardfeet/m2 o f  which 

32 boardfeet/m2 was dipped, 3 boardfeet/m2 was t rea ted  elsewhere. The 
lumber was subjected  to  6.3 mn o f   r a i n   w i t h i n  48 hours of the   tes t .  

I n   t h i s  case TTCP concentrations  averaged  higher  than PCP which 
cor re la tes   to   the   d ip   fo rmula t ion .  Average concentrat ions were 2.5X the  
LC50 f o r  salmonids fo r   bo th  PCP and TTCP (F igure 6C). 

A s i g n i f i c a n t  peak occurred a t   t h e  end o f  the  storm where TTCP was 
22X and PCP was 4 4 X  the LC50. This  occurred when heavy r a i n f a l l  ended 
abrupt ly  and f low  to   the  s tormdra in was pr imar i ly   undi lu ted  leachate.  
Concentrat ions  of  2 234 ppb TTCP and 4 390 ppb PCP were recorded.  Total 
chlorophenol  loading was 19.0 g (Figure 6D). 
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6B - MILL I2 NOV/f3 /86  CATCMENT FLOW 

L 

i LIMBER TREATMENT  AND HANDLING VARIABLES 

1) APPLICATION METHOD 

ROUGH CUT NONE 

PLANE0 CUT DIPPED I N  YOODBRITE 3260 ppm TETRA 
24 1540 ppm PENTA 

SPRAYED  ELSEWHERE FORMULATION NOT 
KNOW 

LMLDCK/BALSAMFIR 2 )  LWBER TYPE 

3 )  PACKAGING 

LUMBER DIKNSIONS 
STRAPPED LUMBER 

PACKAGE O I ~ N S I O N S  

4 )  FINAL TREATCIENT  DATE 

6 )  DRYIN6  TIME 

6 )  SITE OBSERVATIONS 

0.05 m x 0.15 m (2" x 6') 
0.61 m x 0.01 m ( 2 f t  x 3 f t )  

NDVEWER 8. 1986 

WDVED  TO DRAINAGE BASIN ON NOVEmER 9. 1986 

- SUBJECTED TO 6.1 .II OF RAINFALL 48 HOURS 

- WEN THE L W E R  YAS mVED TO  THE  STORAGE 
PRIOR TO  THE  NOVEMBER 13TH TEST. 

NOV. 10 

OBSERVED. SOME MASHDFF DCCUREO. 
AREA, SOME DRIPPING OF CHLDROPHENATES MAS 

NOTICIBLE  DRIPPING FROM THE MOD 
NEY  LUMBER  MAS ADDED TO THE DRAINAGE BASIN 
DURING THE DAY. 

- STEADY RAIN THROUGHOUT THE AFTERNOON. 

32 BOARD F E E T I  SO. METER DIPPED 
3 BOAR0 FEET/ SO. K T E R  SPRAYED 

40 561 1 (8934 p a l )  

IC 
NDV. 13 m.0 r 

a.0 - 

- 7 . 0  - 
,P 

a.0 - 8 
4 6 .0  - 

7 )  LIMBER LOADING 

8)  TOTAL FLOU VOLLME 

9) AVERAGE  CONCENTRATIONS 249 ppb PENTA-CHLOROPHENOL 
279 ppb TETRA-CHLOROPHENOL . 
528 ppb TOTAL 

F I G U R E  6 M I L L  #2, NOVEMBER 13, 1986 
STORM  EVENT. 
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4 LOU PRESSURE SPRAYED  LUMBER 

Low pressure  sprayed  lumber was monitored  under  the  fol lowing 

condi t ions:  
- Leachate  dr ipping  direct ly  f rom  planed  lumber  before  d i lut ion on the 
mill yard  wi th   dry ing  t imes  f rom  zero  to   greater   than 8 days. 

- Runoff  from mill yards  containing wood which was planed,  strapped, end 

sealed and had from  zero t o  8 days drying  t ime. 

4.1 Low Pressure Sprayed Lumber (Zero to  Efght  Days Drying  Time), 
Undf 1 uted  Leachate 
Leachate  from  low  pressure  sprayed  lumber  with  zero  drying  t ime i s  

essent ia l ly   d i rect   washof f   o f   ch lorophenate  so lu t ion  f rom  the  t reated 
lumber.  This  si tuation  occurs where t rea ted  lumber i s   p u l l e d  from  the 

sor t ing  chains  a f ter   t reatment  and stacked i n   p i l e s   o u t s i d e   t h e   r o o f e d  area. 

I n  several   cases  the  sort ing  chain  roofs  d id  not  have gutters.  Consequently 

lumber was washed w i th   roo f   runo f f   i n   add i t i on   t o   d i rec t   impac t  by r a i n f a l l .  
The lumber pi les  are  constant ly  " recharged"  wi th  chemicals by the   add i t i on   o f  
new boards. When the  stacks  are  large enough a s t radd le  
removes the wood t o  a storage  area to   awa i t   f u r the r  

p lan ing   o r  packaging. The average total   chlorophenol  
three samples was 174 474 ppb which was the  h ighest  

moni to red  (Tab1 e 3 ) .  

type  lumber  carr ier  
processing such as 

concentration  from 
o f   t h e   s i t u a t i o n s  

S ix  samples o f  undiluted  leachate  from  lumber  which was planed, 

strapped,  end  sealed and  had from 24 hours t o   e i g h t  days o f  d ry ing  were 
a n a l y z e d .  The average total   chlorophenol   concentrat ion was 8 816 ppb f o r  

i n t e r i o r  and 39 907 ppb f o r   e x t e r i o r  package undiluted  leachate  (Table 3 ) .  
The lower  concentrat ions can  be at t r ibuted  to   the  longer   dry ing  t imes  before 
exposure t o   r a i n f a l l .  

4.2 Low Pressure Sprayed Lumber (Zero Drying Time)  Yard Runoff 
After   the  undi lu ted  leachate  dr ips  f rom  the  f reshly   t reated 1 umber 

packages t o   t h e  paved yard  surface i t  migrates  to  the  storm  drain.   Dur ing 

t h i s   m i g r a t i o n  i t  becomes d i l u t e d  by r a i n f a l l   f a l l i n g   i n   t h e   y a r d   a r e a   n o t  

covered  by 1 umber as  well as by  roof  drains  which may discharge to   t he   ya rd .  

Three  such s i t e s  were monitored  over two storm  events  per  s i te and 

the  fo l lowing  observat ions were made. 
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4.2.1 Mill 13, November 13, 1986. Monitoring was conducted a t  this 
si te i n  a drainage basin which  services 32 lumber loading bays of the planer 
mill sorting chain. Sixteen lumber loading bays are serviced by each drain 
(Figure 7 ) .  Data on this day reflects lumber t h a t  was treated twice (re-run) 
due t o  improper  dimensioning on the f i r s t  production run. 

4.2.1.1 Precipitation, Flaw, Concentration and Loading. Rainfall was 
steady and moderate and there was a direct  co-relation of flow rate t o  
rainfall  intensity although a short lagtime was evident i n  flow rate response 
t o  changes in precipitation  intensity. Total accumulation was 3.1 mm over 
six hours (Figure 7A). 

The drainage basin contained a constantly varying quantity of 
sprayed and dipped  lumber.  The concentration of TTCP always  exceeded t h a t  of 
PCP and averaged 15 384 ppb and 7 771 ppb respectively. Total chlorophenates 
were  never 1 ess than 13 000 ppb or 130X the LC50 for salmonids (Figure 7C).  

These values are extremely  high and were plainly evident i n  the 
ye1 1 ow staining of the runoff by the wax/chlorophenol emu1 sion. Total runoff 
for the entire basin was estimated a t  8 553 L. This  runoff was intended t o  
be collected and recycled as makeup water, however, the collection system was 
not observed t o  be operating and i t  i s  expected t h a t  a1 1 flow was discharged 
directly t o  the nearshore area of the Fraser River. Total loading was 
calculated a t  57.1 g t o t a l  chlo.ropheno1 s or 114 g for the entire basin 
(Figure 7D). 

4.2.2 Mill 13, November 18, 1986. Monitoring was conducted a t  this 
si te a second  time during a normal operating run (Figure 8 ) .  

4.2.2.1 Precipitation, Flow, Concentration and Loading. Rainfall was 
sporadic ranging from 1.0 t o  3.0 m/hr w i t h  a t o t a l  accumulation of 6.5 mn i n  
3.5 hours.  There was direct  correlation of flow rate t o  rainfall  intensity 
w i t h  a short lagtime in the flow rate response (Figure 8A vs.  Figure 8B). 

On November 18 the average concentrations of TTCP and PCP exceeded 
the LC50 by 161X and 114X reaching 26 314 ppb TTCP and 24 977 ppb for PCP 
during the lowest flow conditions. A t o t a l  flow of 21 796 L (4,800 g a l )  was 
estimated. The average t o t a l  concentration was 27 542 ppb (Figure 8C). 
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7R - M I L L  13 N O V / 1 3 / 8 6  CATCHMENT FLOU 
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t ER TREATMENT  AN0 HANDLING VARIABLES 

1) APPLICATION METHOD 

71: - M I L L  13 N O Y / J 3 / 8 6  CHLOROPHENOL CONCENTRAilDNNj 
lJ%IGH CUT 

PLANE0 CUT 

DIPPEO I N  DIATOX. 3803 ppm TETRA 
9 4 1  ppm PENTA 

LOU PRESSURE  SPRAY. 7566 ppm TETRA 
SEABRITE 1390 ppm PENTA 

HEMLOCKDALSM 2)IflBER TYPE 

3 )  PACKAGING 

."-* 
I I  

I 

THE QUANTITIES OF LLMBER I N  THE DRAINAGE 
AREA  UAS VARIA6LE AN0 CONTAINED 
BOTH DIPPEO AN0 SPRAYED STACKS. 
A TOTAL OF 32 LOADING BAYS ON THE SPRAY 
LINE MRE OPERATING OF UHICH 1 6  MRE 
MONITORED FOR T H I S  TEST. 

NOVEMBER 13.  1986 

am 

4 )  INAL TREATMENT  OATE 

5 )  DRYING TIME NONE.  LUMBER UAS SUBJECT TO  UASHOFF  WHEN 
PULLED FROM THE GREEN CHAIN TO  THE LOADING 
BAYS. 

6 ) q T E  OBSERVATIONS 
7D - MILL 13 ~ o v , , w 8 6  CHLOROPHENOL LOADING - SOME OF  THE LlHBER UAS SUBJECTED TO 4.8 m 

Of RAINFALL 2 4  HOURS PRIOR TO THE NOVEMBER 
13TH TEST. 

r Y 
Nov. 13 - STEADY RAIN THROUGHOUT  THE WNITOREO  PERIOD 

CONSIDERABLE RUNOFF  FROM  LUMBER I N  LOADING 
BAYS . 10.0 I1.O t n /  

a. o 
a.o i I 

- A OIMENSIONING ERROR MADE DURING THE NIGHT 
SHIFT  REQUIRE0 THAT  THE  NOVEMBER 12TH 
PRODUCTION RUN  BE REMNUFACTUREO AN0 RETREATED 
ON  NOVEMBER 13TH. 

8 )  TAL F L W  VOLWE  8553 1 (1884 gal 1 

9) *RAGE CONCENTRATIONS 7 774 ppb PENTA-CHLOROPHENOL 
15  384 ppb TETRA-CHLOROPHENOL 
23 158 ppb TOTAL 

mURE 7 MILL #3, NOVEMBER 13,  1986 
S''lRI.1 EVENT. R R x 

B 
R 

8 k e 
x R 
z : 
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CLMED CUT 
SEABRITE 
LOW  PRESSURE  SPRAY, 7566 p p  r r t R A  

1390 ppn PENTA 

2)  LWBER TYPE ntlcOCK/BALSAU 

3 )  PACKAGING 

THE QUANTITIES OF LUBER IN THE LOADING 
BAYS E R E  VARIABLE AN0 CMnAINED 
BOTH DIPPED AND SPRAYED STACKS. 

4 )  FINAL TREATWENT DATE  WOVEleER 18, 1986 

5) DRYING TmE WE. LUIBER W A S  SUWECT TO WASHOFF WEN 
PULLED FROM THE GREEN CHAIN TO THE LOADING 
BAYS. 

6 )  SITE OBSERVATIWS 

- solc OF THE LUBER W A S  SUBJECTED TO 
RAINFALL 24 HOURS PRIOR TO THE NOVmER 
1BTH TEST. 

YOV. 13 - RAINFALL WAS SPOIWXC. RANGIN6 FROW LIGHT TO 
HEAVY. 

- DEVIOUS RUNOFF FROW LUBER I N  THE LOADING  BAYS 

- THIS WAS A N O W  PRODUCTlW RUN 

7 )  LWBER LOADING  VARIABLE. L W E R  WAS REMOVED Ow A CWTINUWS 
BASIS AN0 NO ESTIMATE UAS W E  OF THE AVfRA6E 
QUutlIlY I N  THE BASIN AT ANY W E N  T I S .  

FIGURE 8 M I L L  #3 ,  NOVEMBER 18, 1986 
STORM EVENT. 

8A - U I L L  13 NOV/ I8 /86   PRECIPITATION 
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80 - U I L L  13 NOV/18/86 C A T C W N T  FLOW 
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0 1  x x x 
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x 
2 a 8 :- 1 m 

x x 
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The total   chlorophenol  1 oadi  ng  for November 18 was 171.8 grams f o r  
16 1 umber bays (F igure 8D). It would be expected  that   the  total   chlorophenol  
loading  would be greatest  on the day t h a t  1 umber was re t rea ted  (November 13) 
however t h i s  was no t  observed. The highest  concentrat ions and loadings 
occurred on  November 18 (F igure 8D) and may be explained by the  storm 

charac te r i s t i cs  on the two  days. Ra in fa l l  on  November 18 was a t  times 
in tense and occurred  wi th  gust ing  wind  which  c leared  the  drainage  area  of  
accumulated  water. On November 13 however, r a i n  was moderate and there were 

no winds.  Consequently 1 arge  pool s o f  contaminated  water  remained i n  the 

drainage  basin and may account f o r   t h e  1 ower value. 
It must  be  noted that  the  data  presented  represents  the  release 

occu r r i ng   a t   on l y  one storm  drain ($ drainage  area). The to ta l   loadings  must  
be mu1 t i p 1   i e d  by 2X to   represent   the   en t i   re   d ra inage area. 

The storm  water  recovery  system i s  designed to  d ischarge  storm 

water d i r e c t l y   t o   t h e   F r a s e r   R i v e r   a f t e r   c o l l e c t i n g   e f f l u e n t   f o r   t h e   f i r s t  
two hours o f  a storm  event.  This system was not   operat ional   dur ing  e i ther  

tes t   per iod .  

4.2.3 M i  11 #6, December 22, 1986. Mil 1 #6 uses a low  pressure  spray 
system fo r   f i na l   t r ea tmen t   o f   p laned  lumber. The spray i s  a 6:l formulat ion 
o f  water and Wood Sheath ( S e a b r i   t e )   a t  18  916 ppm TTCP (Figure 9 ) .  

4.2.3.1 Preclpltat lon,  Flow,Concentrat lon and  Loadlng. L i g h t   b u t  
s teady   p rec ip i ta t ion  began a t  08:OO t o  10:30 a f t e r  which it was l i g h t  and 

in te rm i t ten t .  A t o t a l   r a i n f a l l   o f  5.4 mm i n  5.5 hours was recorded 
(Figure 9A). Flow  ra tes   responded  d i rec t l y   to   the   ra in fa l l   pa t te rn  
(Figure 9A vs. Figure 9B). Construct ion  debr is and wet s o i l  was deposited 

nearby and r u n o f f   f r o m   t h i s   a c t i v i t y   a l s o   e n t e r e d   t h e  sewer. 

The r a i n f a l l   p a t t e r n  was such that  fresh  washoff  which was s ta ined 
with  the  ye1  low wax  emu1 s ion   d id   no t  appear t o  reach   t he   d ra in   un t i l   t he  
11:30-14:30 hour  period.  Total  chlorophenol  concentration  averaged 195 ppb 

(F igure 9C). By th i s   t ime   f l ows  had become n e g l i g i b l e  and most o f   t h e  
contamination  would  remain on the  paved y a r d   u n t i l   t h e   n e x t   r a i n f a l l .  The 

l i g h t   l o a d i n g   o f  1.38 g corresponds to  the  low  concentrat ion.  and f l ow  

cond i t ions   (F igure  9D). 
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4.2.4 Mil 1 t6 ,  January 23, 1987 

4.2.4.1 Prec ip i t a t i on ,  Flow, Concentration  and  Loading. 
P r e c i p i t a t i o n  began a t  06:OO and was r e l a t i v e l y   h i g h   f o r  a b r i e f  

period.  This was fol lowed  by a t h r e e   h o u r   p e r i o d   o f   l i g h t   r a i n f a l l   a f t e r  
which  the  storm  developed and a t o t a l  of 3.0 mn f e l l   i n   t h e   t e n  hour  period. 
F l o w s   w e r e   g e n e r a l l y   r e s p o n s i v e   t o   c h a n g e s   i n   r a i n f a l l  
(Figure 10A vs. Figure 10B). 

Chlorophenol  concentrations were high,  ranging  from 150-850 ppb f o r  
PCP and 400-2 200 ppb f o r  TTCP. Concentrations were very  responsive  to 
d i l u t i o n  by  f lows.  Rainfal l  was l i g h t   t o  moderate. Pas t   opera t ions   a t   th is  
mill discharged  concentrated  washings  from  the  spray box t o   t h e  ground 
d i r e c t l y  below  the mill. This has been r e c t i f i e d .  A sump  pump loca ted  
approximately 39 m hydrau l i ca l l y   downh i l l  from the  spray box c o l l e c t s  and 
discharges  groundwater d i rec t l y   t o   t he   s to rm  d ra in   du r ing   pe r iods  when 
f l o o d i n g   i s  caused  by h igh   t i de   o r   ra in .   Th i s  pump discharged a t  14: 18  hours 
and contained 2 160 ppb TTCP and 633 ppb PCP. Ground water  contamination i s  
i n d i c a t e d   a t   t h i s   s i t e .  

4.2.5 Mill X5, January 27, 1987. Mill #5 does no t   t rea t   rough   cu t  
lumber. A low  pressure  spray  with a wax  emu1 s i o n   i s  used to   t rea t   p laned  
lumber. The spray  formulation i s  a pure  (technical  grade)  pentachlorophenate 
so l   u t i on   ca l l   ed  CHAPCO-C1 mixed as a r a t i o   o f  12: 1 water   to  PCP concentrate. 
The app l i ca t i on   sp ray   concen t ra t i on   i s  20 833 ppm. Water  samples  were 
co l lected  o f   leachate  dr ipp ing  d i rect ly   f rom  the  lumber  and o f   r u n o f f  from 
the  planer mil 1 loading bays. Flow and loading  ca lcu lat ions  are based on $ 
the  dra inage  bas in  area  a t   the  p laner  mill (Figure  11). 

4.2.5.1 Prec ip i t a t i on ,  Flow, Concentrat ion and  Loading. P r e c i p i t a t i o n  
was v e r y   l i g h t   w i t h   o n l y  1.1 mm i n  6.5 hours  (Figure 11A) .  Flow  reached a 
maximum o f  0.3 L/s and was very   respons ive   to   ra in fa l l .   F low was continuous 
throughout  the  test  though i t  was less  than 0.1 L/s f o r  67% o f   t he   t ime  
(Figure  118). 

The concen t ra t i on   o f  PCP i n   t h e   r u n o f f  averaged 5 000 ppb 

I 
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LWWBER TREATMEMT AND HANOLING VARIABLES 

11 APPLICATIW METHOD 

ROUGH  CUT LOU PRESSURE  SPRAY 
TETRA SAPSTAIN :-UNKNOWN Dpn 

MDDO SHEATH 
( S E A  BRITE) 

: 18.916 ppm 
I I  

PLANED CUT 1 
I ,- ""-. I 3  . S-rlCP 

I S >  

I 
HE#DCK/F IR 2)  LWBER TYPE 

3 )  PACKAGING 

LWSE PACKAGES LIMBER IS PULLED FROM THE SORTING 
CHAINS AND DIRECTLY EXPOSED TO 
RAINFALL. 

VARIABLE OUANTITY OF LIMBER 

BASIN. 
I N  THE DRAINAGE 

4 )  FINAL TREATnENT DATE 

5 )  DRYING TIME 

6 )  SITE DBSERVATIWS 

DECEWBER 22 ,  1986 

ZERO 

I - THE MILL STARTED RUNNING AT D7:DD, 
LOADING BAYS WERE 1/2 FULL WHEN 
THE SHIFT STARTED. I 

i - RAINFALL BEGAN AT 0 8 : O D  
0.w r * RISING  TIDE BEGAN TO FLDOO 

STORM DRAIN AT 1 0 5 0 .  r 1 - AT l l : 2 3  - 1 1 ~ 2 6 ,  FLDODING  BEGINS 

BEGINS PUMPING FRDM THE STAND PIPE 
IJNDER  THE MILL AN0 THE S W  PUMP 

AND DISCHARGES TO THE STORM SEER. 

VARIABLE. 

11 237 L (2,475 g a l )  

7 )  LWBER LOADING 

8 )  TDTM F L W  VOLWE I I  0.m i 
I FIGURE 9 MILL #6, DECEMBER 22, 1986 

STORM EVENT. 
Y 
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LWBER TREAlUENT AND HANDLING VARIABLES 

1) APPLICATIDN METHDD 

ROUGH  CUT 

PLANED CLll 

2) LWEER TYPE 

3 )  PACKAGING 

LOOSE  PACKAGES 

PUANTITY OF L M E R  

BASIN. 
I N  THE DRAINAGE 

4 )  FINAL TREAlUENT DATE 

5) DRYING TIME 

6 )  SITE OBSERVATIONS 

7 )  LWEER LOADING 

8 )  TOTAL FLOW VDLWES 

L W  PRESSURE  SPRAY 
TnRA SAPSTAIN : VY(WDW ppm 

: 18.916 ppcn 

nEIODCK/FIR 

L M E R  IS PULLED FROW  THE SORTING 

RAINFALL . CHAINS AND DIRECTLY EXPOSED TO 

VARIABLE 

JANUARY 23. 198) 

ZERO 

- THE MILL STARTED  RUNNING AT  07:DO. 
LOADING BAYS YERE l/i! FULL  WEN 
THE SHIFT STARTED. 

- AT 14:18 A SUWP P U P  FROM A STAND 

BELOY THE MILL BEGAN P W I N G  
PIPE WHICH DRAINS GROUND  YATER  FROM 

DIRECTLY TO THE STWM DRAIN. 

VARIABLE. 

6 243 L (1375 gal) 
9) AVERAGE  CDNCENTRATIDNS 384 p p b  PENTA-CHLORDPHENDLS 

1 035 p p b  TETRA-MLDROPHENOLS 
1 419 p p b  TOTAL 

FIGURE 10 MILL #6, JANUARY 23,  1987 
STORM EVENT. 

r I 

n 

r c. 
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(Figure 1 1 C )  and t o t a l  loading was 7.51 grams which  i s  very h i g h  for such a 
low rainfall (Figure 11D). This effluent  is believed t o  discharge directly 
t o  the Fraser River al though the exact location of the o u t f a l l  has not  been 
located. Total volume discharged was calculated a t  1 069 L. 

4.2.6 Hill # 5 9  January 29, 1987. A second r a i n f a l l  event was 
monitored a t  this  site w h i c h  uses CHAPCO-C1 sodium pentachlorophenate low 
pressure spray on planed 1 umber (Figure 12)  

4.2.6.1 Precipitation, Flow, Concentration and Loading. Precipitation 
was 1 i g h t  and continuous over the five hour  storm event w i t h  a t o t a l  rai nfall 
o f  3.2 m m .  F l o w  was responsive t o  the   ra infa l l   pa t te rn  
(Figure 12A vs.  Figure 128). 

The concentrations i n  the effluent average 11 160 ppb t o t a l  
chlorophenol s which  i s  typical of the h i g h  values measured a t  other mil 1 s i n  
which  low pressure sprayed  lumber i s  directly exposed t o  rainfall 
(Figure 12C). 

Total loading was 7.42 grams which  i s  believed t o  discharge 
directly t o  the Fraser River (Figure 12D). 
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11c MILL 15 J A N / 2 7 / 8 7  CHLLWOPHENOL CONCENTRA7IONS  IPLANER U I L L l  c 
LWBER TREAlMENT AND HANDLING VARIABLES 

1) APPLICATION METHOD 

ROUGH  CVT 

PLANED  CUT -1 I YO TREAltENT 

CHAPMAN C-I : 20 833 PCP 
(20-30%. AV6.25Z) 

RIUOCKIFIR 2)  LWBER TYPE 

3 )  PAtKAGING 

LOOSE  PACKAGES LUMBER IS PULLED FROW THE SORTING 
CHAINS AND DIRECTLY EXPOSED TO 
RAINFALL. 

VARIABLE OUANTITY OF L W E R  

BASIN. 
I N  THE DRAINAGE IL 

JANUARY 27, 1987 4 )  FINAL TREAlMEYT DATE 

5 )  DRYING TIME 

6 )  SITE OBSERVATIONS 

-1s loo cc. - 
1""""- """ - ".""""* """ _. Z,S,d,#- lWe 

0 
U U R R 5: ZERO 

- THE PLANER w m  RAN 
FROM 07:30-15:3D and 16:OO 
t o  00:30. 

- AT 14:30  PRODUtTIMl STOPPED 
FOR  BLADE  SHARPENING I N  THE 
PLANER UILL. 

VARIABLE. 

1 069 1 1235 g a l )  

I 

7 )  LWBER LOADING 

8 )  TOTAL  FLCU VOLWES 

9 )  AVERAGE  CONCENTRATIONS 4 983 ppb PENTA-CHLOROPHENOL 
160 ppb TETRA-CHLOROPHENOL 

5 143 ppb TOTAL 

FIGURE 11 MILL #5, JANUARY 27, 
1987 STORM EVENT. 
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LLNBER TREATMENT AND HANDLING VARIABLES 

1) APPLICATION METHOD 

ROUGH  CUT 

PLANED CUT 
I 

2) LLNBER TYPE 

3 )  PACKAGING 

a LOOSE  PACKAGES 

1 I N  THE DRAINAGE 
OUANTITY OF LIMBER 

BASIN. 

4 )  FINAL TREATMENT  DATE - 5 )  DRYING  TIME 

6 )   S I T E  OBSERVATIONS 

u. 

I 
7 )  LWBER LOADING 

8 )  TOTAL FLDU  VOLWE 

NO TREATMENT 

CHAPMAN C-1 : 20 6 3 3  ppcn PCP 
(20-301,  AVG.251) 

H E U K K / F I R  

LUMBER IS PULLED FROM THE SORTING 
CHAINS AND DIRECTLY EXPOSED TO . 
RAINFALL. 

VARIABLE 

JANUARY 29.  1967 

ZERO 

- THE  PLANER MILL SHIFT RAN 
FROM 07:30-15:30 and 16:OD 
t o  00:30. 

- LUNCH  BREAK OCCURED AT 11:OO 
DURING WICH NO FRESH LUMBER 
WAS ADDED TO DRAINAGE BASIN. 

VARIABLE. 

3 110 L (685 g a l )  

11 160 ppb TOT& 

a FIGURE 12 MILL #5, JANUARY 29,  1987 
STORM EVENT. 
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4.3  Low Pressure  Sprayed Lumber (Long Dry Times)  Yard  Runoff 
This  section  deals  with  yard  runoff  from  low  pressure  sprayed 

lumber  which has had dry ing   per iods   o f  24 hours  or more p r i o r   t o  exposure t o  
r a i n f a l l .  All lumber was planed,  strapped and  end sealed. 

4.3.1 Mill il - October 25, 1986. Low pressure  sprayed  lumber was 
monitored  over two ra in fa l l   even ts  and the   f o l l ow ing   d i scuss ion   re fe rs   t o  
Figure 13. 

4.3.1.1 Prec ip i ta t ion ,  Flow, Concentrat ion  and  Loading.  Precipitat ion 
and f l ow   co r re la ted   d i rec t l y  and the  1 arge  s ize  o f   the  dra inage  bas in and 
q u a n t i t y   o f  lumber  stored i n  i t  maintained  measureable  runoff  for 3 hours 
a f te r   t he  end o f   the   s to rm  event .   To ta l   p rec ip i ta t ion  was  3.0 mm over 6 
hours (Figure 13A). 

The rough 1 umber was t rea ted  by d r i v e - i n   d i p  and then  planed and 
re t rea ted  by low  pressure  spray o f  a wax/chlorophenate emu1 s i o n   p r i o r   t o  end 
seal  ing,  strapping and del   ivery   to   the  terminal .  The 1 umber d e n s i t y   i n   t h e  
drainage  basin was 197 boardfeet/me and  had been s t o r e d   i n   d r y   c o n d i t i o n s   f o r  
e i g h t  days. 

The concentrat ion  o f  TTCP was general ly  higher  than PCP which i s  
expected due to  formulations  used i n   t r e a t i n g   t h e   r o u g h  and planed  product. 
TTCP averaged 3.3X and PCP averaged 2X the LC50 (F igure 13C). A s i g n i f i c a n t  
p ropor t ion   o f   the   to ta l   ch lo ropheno l   load ing   o f  11.61 g occurred i n  the 1 a s t  
two hours o f   f low  (F igure  13C vs. F igure 13D). Th is   f low  cons is ts   o f  
undi luted  leachate.  The drainage  basin i s  capable o f   h o l d i n g  2 t o  3 times 
the  lumber volume  and t h i s  would  conceivably  increase  concentrations and 
loadings  proport ionately.  

4.3.2 Mill il, October 26, 1986. The same d r a i n a g e   b a s i n  was 
monitored  over a second r a i n f a l l  event. The f o l l  owing  d iscuss ion  re fers   to  
F igure 14. 

4.3.2.1 P rec ip i t a t i on ,  Flow, Concentration and  Loading. P r e c i p i t a t i o n  
and f l ows   co r re la te   d i rec t l y   w i th  a heavy r a i n f a l l   o f  21.0 mn over 7 hours 

(Figure 14A vs. Figure  148). 
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136 - M I L L  I1 DCT/26/86  CATCWENT FLOW 

LWBER TREATMENT AN0 HANDLING  VARIABLES 

mm 
1) APPLICATION METHOD 

L 
ROUGH C U T  

PLANED CUT 

OIPPEO I N  DIATOX. 3803 p p  TETRA 
941 p p  PENTA 

LOU PRESSURE SPRAY. 7566 p p  TETRA 
SEABRITE 1390 p p  PENTA 

HEKOCKRALSAM y 2 )  LWBER TYPE 

3 )  PACKAGING 

nRAPPED L W E R  
LlMBER O I n f N S I W S  

y PACKA&E OI IENSIONS 

4 )  FINAL TREATMENT DATE 

0.07L x 0 . 2 h  (3' I 8') 
0.61 rn x 0.91n ( 2 f t  x 3f t )  

OCTOBER 17, 1986 

EIGHT DAYS 

I , - I5 HOURS SINCE LAST RAINFALL 

- CWCENTRATIWS OF CHLOROPHENATES LEACHING 
FROM THE WO. (PPb)  YI 

13D - M I L L  I1 0t1/26/86 CHLOROPHENOL LOACZHG 
I 

I 

! 

S I T E  2.3.4.6-TTCP PCP 

L W E R  PACKAGE 
EXTERIOR DRIP 
00:oo - m:30 I 287 4 310 

5 785 6 013 0 8 ~ 3 1  - 10:30 I L W E R  PACKAGE 
INTERIOR  DRIP 
08:30 - 09:45 8 0% 7 052 ma 

7 )  LWBCR  LOADING 
NOTE THAT THIS BASIN MAS LESS THAN 1/2 
197 WAR0 FEET/SOUARE I t T E R  

FULL. 

175 077 L (36 563 011) 

14.0 

10.0 

E O  

9)  AVERAGE CONCEWTRATlONS 197 ppb PENTI-CHLOROPHENMS 
284 ppb TETRA-CHLOROPHENOLS 

mi 4881 ppb TOTAL 

FIGURE  13 MILL #1,  OCTOBER 25, 1986 
STORM EVEf4T. 



14A - M I L L  *I OCT/26/86 P R E C I P I T A T I O N  

LWBER TREAmENT AN0 HANDLING VARIABLES 

1) APPLICATION METHOD 

ROKH CU? OIPPEO IN OIATOX. 3603 p p  TETRA 
941 p p  PENTA 

PLANE0 CUT LOU PRESSURE S P R A Y ,  7566 D P  TETRA 
SEABRITE 1390 p p  PENTA 

21 LIMBER TYPE HFXLOCK/BALSAM 

3 )  PACKAGING 

STRAPPED LVIBER 
LUCgER O I K N S I W S  
PACKAGE O I ~ N S I O N S  0.61 a x O.9ln f 2 f t  x 3 f t )  

0.075. x 0 . 2 b  (3' x 6') 

4) FINAL TREAmENT DATE OCTOBER 17, 1966 

- CONCENTRATIONS OF CHLOROPHENATES LEACHING 
FROM THE W O .  fPPb) 

SITE 2,) .4 ,C-lTCP PCP 

LIMBER PACKAGE 
EXTERIOR DRIP 

08:31 - 1 0 5 0  
b 267 4 310 
5 785 6 013 

LVIBER PACKAGE 
INTERIOR  DRIP 
W:30 - 09:45 6 858 7 052 

w:oo - m:30 

7 )  LWBER LOAOING 197 BOAR0 FEETBOUARE rCTER 

FUL. 
NOTE THAT THIS BASIN W A S  LESS THAJ 1/2 

8 )  TOTU F L W   V M I M E  175 077 L (36 563 p t l )  

91 AVERAGE CWCENTRATIONS 197 ppb PENTA-CltLOROPHENOLS 
284 ppb TETRA-CHLOROPHENOLS 

4.91 ppb TOTAL 

FIGURE 14 MILL 91, OCTOBER 26,  1986 
STORM 'EVENT. 
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14D - M I L L  # I  OCT/26/86 CHLOROPHENOL LOADING 
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The lumber  density was 197 board  feet/m2 and  had been sub jec ted   to  
3.0 mn o f   r a i n f a l l   i n   t h e   p r e v i o u s  24 hours. The h i g h   r a i n f a l l  o f  the 

October 26 event  did  not  decrease  the  average  chlorophenol  concentrat ion 

s i g n i f i c a n t l y  as PCP was 1.75X and TTCP was 3X the LC50 (F igure 14C). Total  
r a i n f a l l  was 7X the  prev ious day w h i l e   t o t a l   l o a d i n g  was 6.7X a t  78.0 g t o t a l  
chl  orophenol s (F igure 14D) 

4.3.3 Mf11 t 4 ,  November 19-20,  1986. Mill #4 uses a high  pressure 
spray  system to   t rea t   the   rough  cu t   p roduc t .  A second low  pressure  spray 
system a t  280 KPa i s  used for  spraying  planed  product.  The spray  formulation 

uses a 30: 1 f o rmu la t i on   o f  DIATOX which i s  6 466 ppm  TTCP and 1 600 ppm PCP 

(Figure 15). 

4.3.3.1 Precipftatfon, Flow,  Concentration and Loading. A t o t a l  
p r e c i p i t a t i o n   o f  44.6 mn i n  18.5 h o u r s   q u a l i f i e s   t h i s  as a 2-4 year  storm i n  
which such a r a i n f a l l   i n t e n s i t y   o c c u r s   o n l y  once i n  every two to   four   ' years  
(Figure 15A). The p r e c i p i t a t i o n  and f l o w   p r o f i l e  show a general d i r e c t  
c o r r e l a t i o n   w i t h   t h e   e x c e p t i o n   t h a t   f l o w   f a r  exceeds that  which  can be 

ca lcu la ted  based on r a i n f a l l  and drainage  basin  area  (Figure 158). The 
f l o o d i n g   o f   t h e   e n t i r e  mill area   resu l ted   i n   obv ious   sp i l l - ove r  from o ther  

basins  to  the  basin  being  monitored. 
Chlorophenol  concentrations show two  anomolies to   t he   regu la r  

pattern  observed i n  most  cases:  concentration will normally  decrease  with 
increase i n  flows;  concentrations  decrease  with  decrease i n  lumber l o a d i n g   t o  
the  drainage  basin. 

During  this  storm  event  the  lumber  density  decreased from 156 
b o a r d f e e t h z   t o  75 board fee thz   over   the  12 hours from noon to   m idn igh t  as 

lumber was being  shipped  for  export.  The storm  reached i t s  peak dur ing  

t h e   p e r i o d   o f  19:OO t o  22:30 hours a t  which  t ime  the  greatest   quant i ty  of  

lumber was removed from  the  s i te.  The yard  workers'  break  occurred from 
20:30-21:30 hours .   Jus t   p r i o r   t o   l eav ing  on the  break  the  yard  workers 

observed t h a t   t h e   t e n t  she1 ter   ( for   the  technica l   c rew  moni tor ing  the  s torm 

d ra in )  was about t o  be blown  over  by  the  high  winds. To p reven t   t h i s  

occurrence  several  stacks o f  lumber were deposited by the  workers  adjacent  to 
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the   she l te r   loca ted   nex t   to   the   d ra in .  The wind  intensi ty  increased and 
col lapsed  the she1 t e r   a t  approximately 21:OO hours. The lumber was removed 
a t   t h e  end o f   t h e  break and placed i n   t h e  normal storage  area we1 1 away from 
the  dra in  a t  21:30 hours. The lumber  placed  by  the  drain  immediately 
contaminated  the  runoff   ra is ing  the  concentrat ion 2-4X a t   t h e  same t ime  the 
r a i n f a l l   i n t e n s i t y  and runoff  reached i t s  peak value  (Figure 15C). When the 
1 umber was removed the  concentrat ions  qu ick ly   re turned  to  normal d i l u t i o n  
l eve l s .   A f te r   t he   ma jo r   ra in fa l l  peak ended the  concentrat ions  rose as 
d i l u t i o n   o v e r   t h e   e n t i r e   y a r d  decreased. Factors  which  caused  the 
concen t ra t i ons   t o   r i se   a f te r   t he   ma jo r   ra in fa l l   even t  were (1) the  lower 
vol ume o f  1 umber 1 e f t   i n   t h e   b a s i n  was f resh ly  exposed when the  upper bund1 es 
were removed for   sh ipp ing;   (2)   the packages l e f t  were thoroughly soaked  by 
t h e   h i g h   i n t e n s i t y   r a i n f a l l  so t h a t   l a r g e  volumes o f   concen t ra ted   i n te r i o r  
and ex ter io r   d r ipp ings  began to  leach  to  the  drainage  basin.  

The concentrat ion  o f  PCP and TTCP averaged 2X and 4X the LC50 over 
t h e   e n t i r e   p e r i o d   o f   t h e  storm. The t o t a l   l o a d i n g   o f   t h e   s t o r m  was 
140.8  grams of  chlorophenols  (Figure  150). 

The t o t a l  volume o f  contaminated  runoff  produced i n   t h i s  drainage 
bas in  (exc lud ing  the  quant i ty  due t o   f l o o d i n g )   i s   e s t i m a t e d  a t  146 cubic 
meters  (32 087 gal The t o t a l  volume produced on t h e   e n t i r e  mil 1 storage 
ya rd  (21,071 m 2 )  would be 939 m3 (205,808 gal ). 

This  storm was preceded  by an 18 mn/day storm and fol lowed  by  three 
days a t  14.8,  13.2 and 29 mn f o r  a t o t a l  6 day yard  volume o f  2 566 448 L 
(564,054 gal a1 1 o f  which  would  require  storage  and/or  treatment. 

4.3.4 Mill #5, November 13, 1986. Planed  lumber  treated  under  low 
pressure  spray  with a fo rmu la t i on   o f  20 833 ppm PCP i s  packaged, strapped, 
end sealed and s t o r e d   i n  a storage  yard  adjacent  to  the  Fraser  River.  The 
t ime  s ince  f inal   t reatment was one day t o   t h r e e  months w i t h  an average 
storage  t ime  of  2 weeks or   less.  The lumber was exposed t o  a maximum o f  
15 mn of r a i n   p r i o r   t o   t h e   t e s t   ( F i g u r e   1 6 ) .  

4.3.4.1 P r u i p l t a t i o n ,  F1 ow,Concentration and Loading. P r e c i p i t a t i o n  
was continuous, l i g h t   t o  moderate w i t h  a total  accumulation  of 3.3 mn over 6 
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hours  (Figure 16A). Flow was co l  1 ected  from a paved drainage  basin o f  

8 220 m2 and d ischarged  d i rec t l y   to   the   Fraser   R iver   w i th  no f u r t h e r  
d i l u t i o n .  The moni tor ing was d iscont inued  s ix   hours  in to   the  s torm  event   a t  
which  t ime  the  f low was greater  than 5.0 L /s  (Figure  168). 

Concentrat ion  var ied  inversely  wi th  f low  rate  averaging 150 ppb PCP 

over  the  entire  event  (Figure 16C). Total  chlorophenol  loading was 5.43 g 
(Figure 16D). The lumber load ing  was estimated a t  40 boardmeters  per  square 
meter .   Tota l   runof f   for   the  s torm  event   over   the  ent i re   yard i s  es t ima ted   a t  
27 126 L (5,974 gal ) .  



I 

1 

!&W I T  W Y D L I  

m 

I 

m 

II 

LIMBER TREATMENT AND HANDLING VARIABLES 

1) APPLICATION METHOD 

R O W  CUT NO TREATIENT 

PLANED CllT CHAPMY C-1  : 20 833 p p  PCP 
(2D-30%, A V P 2 5 5 )  

21 LIMBER TYPE HE#DCK/FIR 

3 )  PACKAGING 

LLMBER IS STRAPPED AND END SEALED 
FOR SHIPMENT 

4 )  FINAL TREATMENT DATE VARIABLE - WE DAY TO THREE WDNTHS 
M O R I T Y  IS WE DAY TO TW UEEKS 

5 )  DRYING TIME VARIAELE 

61 SITE OBSERVATIONS LLMBER GRADED 12  OR BETTER REWAINS 
ON THE YARD FOR A WAAXIMUW OF 2 UEEKS 

ON THE YARD UP TO THREE IMITHS.  
LLMBER 6RADED 13 OR LONER REWAINS 

7 )  LIMBER LOADING 144 WARD fEET/SOUARE KTER 

8 )  TOTAL F L W  VOLUlES 27 126 L (5.974 g a l . )  

9 )  AVERAGE CONCENTRATIONS 160 ppb PENTA-CHLOROPHENOL 
20 ppb TETRA-CHLDRDPHENOL 

180 ppb TOTAL 

F I G U R E  16 MILL #5, NOVEMBER 13, 1986 
STORM EVENT. 
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5 HIGH PRESSURE  SPRAYED  LUMBER 

Spray  systems which operate a t  over two atmospheres (200 Kpa) 
pressures are considered h i g h  pressure systems i n  this study. High pressure 
sprayed  lumber was monitored  under a variety of conditions inc lud ing :  

- Leachate dripping directly from  rough cut lumber before 
further d i l u t i o n  by rainfall Drying  times prior t o  
exposure varied from zero t o  several days. 

- Runoff from mill yards containing wood which  was rough 
cut where drying time prior t o  exposure varied from zero 
t o  18 days. 

All lumber  packages  were unstrapped and of varying lengths. 

5.1 High Pressure  Sprayed  Lu-er - Undiluted Leachate 
A t o t a l  of 21 samples of u n d i l u t e d  leachate from h i g h  pressure 

sprayed 1 umber  were analyzed for chlorophenol s. (Tab1 e 3) .  The average 
concentrations of 5 899 ppb TTCP and 3 930 ppb PCP, were generated from 
rough cut lumber w i t h  drying  times  varying from zero t o  18 days. 

5.1.1 M I 1  1 t 7 ,  January  27-29/1987  (Zero  Drying Time) The u n d i  1 uted 
leachate dripping from h i g h  pressure treated lumber  was  monitored  over a 
three day period after three  different storage times. The rainfall events 
were the same for a l l  three  situations. In general the rainfall consisted 
of short  rainfall events for a to t a l  of three day accumulation of 9.0 mm 
(Figure 17A). Flow rate from the yard and runoff concentrations were n o t  
measured. 

Leachate from h i g h  pressure sprayed lumber w i t h  zero  drying time 
is  essentially  direct washoff of chlorophenate solution from the treated 
wood. This situation occurred a t  the  timber line where large roughcut 
timbers (0.15m X 0.15m)  were spray treated and discharge via  conveyor 
directly t o  the exterior  sorting yard. Leachate dripping from 2 layers of 
these timbers had concentrations of 14 000 ppb TTCP and 6 000 ppb PCP. 
These values were approximately 3X the concentration in leachate from the 
24hrs t o  18 day o ld  timbers (Figure  178). 
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b LWBER TREAlMENT  AN0  HANDLING  VARIABLES 

a 1 )  APPLICATION METHOD 

ROUGH CUT 2068 KPA 
HI6H PRESSURE  SPRAY : 17636 ppm TETRA 
WITH DIATOX 4363 ppm PENTA 

2 )  LWBER TYPE 

3 )  PACKAGING 

a L W E R  Dll'QNSIWS 
LOOSE  PACKAGES 

PACKAGE  DIICNSIONS 
4 )  FINAL  TREATWENT  DATE 

1 5 )  DRYING TIME 

WE#MKIFIR 

0.05 a x 0.20 m (2' x 8') 

1.01 D x 1.21 (40' x 18') ' 

JANUARY 27,1987 

THE LUMBER MY EXPERIENCE  SEVERAL  HDURS OF 
COVEREO  STORAGE  BEFORE A CONVEYOR SYSTEM 
W V E S  IT OUT ONTO THE YARD. 

61 SITE OBSERVATIONS 

I THE LUMBER IN EACH  PACKAGE IS SOUAREO ON 

ON  THE OTHER. THIS EXPOSES A MUCH LARGER 
WE EN0  AND UP TO 1.1 M DIFFERING  LENGTHS 

SURFACE AREA TO RAINFALL. 

W A S  NOT RECORDED AS ONLY LEACHING  CONCENTRA- 
TIONS WERE BEING IEASURED. 

16 758 L (3.691 981) FROM JAN 29-JAN 29/87 

I 
7 )  LWBER LOADING 

8) TOTAL FLOY VOLWE 

#ow- "'b , G::..' ,.- - - 
it -. 

I .DDD. 
_"""" """". 

-"""-" 
FIGURE 17 MILL #7, JANUARY 27 - 29, 1987 
STORM EVENT. 
1 
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5.1.2 M i  11 17 January 27-29, 1987 (24-72 hours Drying Tine). 
Chlorophenol concentrations i n  stormwater  leached  from a stack of 

two packages of lumber which  was freshly  treated on January 27 was monitored 
over a three day period t o  January 29/87 (Figure 17C). There  was a gradual 
increase i n  clorophenol concentration i n  the runoff from 12:OO hours 
January 27 t o  18:30 hours  January 28. This  appears t o  correlate w i t h  the 
intermittant cycle of rain and dry periods. The concentration i n  leachate 
was lowest after the longest dry  period  from 18:30 hours January 28 t o  07:OO 
hours January 29. Leachate concentrations quickly rose after the lumber 
became saturated. Concentrations averaged 2 000 ppb for PCP and 4 000 ppb 
for TTCP from water which leached through two stacks of lumber. 

5.1.3 Mil 1 f7 January 27-29, 1987 (18 Days After Treatment) 
Leachate from a stack (four packages) of treated Z"X8" rough cut 

lumber  was a1 so monitored for chlorophenol s from January 27 t o  January 29/87 
(Figure 170). This  lumber had received a total  of 71.7 mn o f  rainfall from 
i t s  production date of January 9 t o  midnight  January 26. In  this case 
leachate was collected from the bottom of a stack of four lumber  packages. 

The concentrations of PCP and TTCP closely para1 leled each other 
and averaged 4 000 ppb each w h i c h  i s  similar t o  the previous  case i n   w h i c h  
only two packages  were  monitored. As double the quant i ty  of lumber  was 
monitored i n  this case i t  appears ha1 f the readily leachable chlorophenate 
had been  removed during the nine days on which rai nfal  1 was experienced i n  
the 18 day storage period. The nine precipitation  free days consisted of two 
groups of four and five days i n  which no rainfall occurred and t o t a l  f i xa t ion  
t o  the lumber  was not achieved i n  either of these periods. 

5.2 High Pressure Sprayed  Lumber - Yard Runoff 
The yard runoff from two lumber mills  storing h i g h  pressure 

sprayed, rough cut  lumber  was  monitored  over five storm events. The 
observations are summarized as fol 1 ows. 
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5.2.1 Mil 1 14 - Center  Drain, N o v d e r  20, 1986. M i  11 #4 uses one o f  
the most modern high  pressure  spray systems on the  market. The system 
operates a t  827 KPa and  uses  back f lush ing  to   mainta in   c lean  nozz les 
(Figure  18). The lumber in   the  dra inage  bas in was rough  cut  which  provides a 
very  high  surface  area due to   the  sur face  texture and uneven board  length. 
The 1 umber packages were unstrapped  which  al lows  easier  percolat ion  of   the 
ra in fa l l   t h rough   the   i n te r i o r   o f   t he   s tack .  

5.2.1.1 Precipi tat ion,  Flow, Concentration and Loadfng. P r e c i p i t a t i o n  
was moderate to   h igh  averaging 1.2 mn/hr f o r  a total   accumulat ion  of  7.0 mn 
(Figure 18A). Flow  rate was respons ive   t o   t he   ra in fa l l   pa t te rn   peak ing   a t  
6 L/s   wi th  a t  t o t a l  volume 82 306 L (18,089 gal 1 , (Figure  186). 

The concentrat ion  o f  PCP averaged 609 ppb PCP, 911 ppb TTCP o r  6X 

and 9X the LC50 f o r  salmonids. The total   chlorophenol   concentrat ion was 
never  less  than 1 116 ppb or 1 1 X  the LC50 (F igure 18C). Total   loading was 
81.6 g (F igure 18D). 

5.2.2 M i  11 14 - Center  Drain, N o v d e r  25, 1986. The catchment  basin 
servicing  the  high  pressure  sprayed  rough  cut  lumber was moni tored  for  
chlorophenol s and a bioassay  (see  Section 8.2) was also  conducted on  an equal 
vol ume composite o f   t he   runo f f   (F igu re   19 ) .  

5.2.2.1 Precipi tat ion,  Flow, Concentratlon and Loading. P r e c i p i t a t i o n  
was continuous  over a f i v e  hour  per iod  wi th a total   accumulat ion  of  3.7 mn 
(F igure 19A). Flow  rate was r e s p o n s i v e   t o   t h e   p r e c i p i t a t i o n   w i t h   l i t t l e   l a g  
t imes  o r   con t inuat ion   o f   f low  a f te r   the  end o f   t h e   r a i n f a l l   p e r i o d  
(Figure 19A vs. F igure 19B). 

The concentrat ions  o f  PCP averaged 305 ppb and TTCP averaged 
742 ppb (F igure 19C). These high  concentrat ions  are 1 i k e l y  caused by the 
large  surface  area  of  the  rough  cut  lumber  which  provides  greater  exposure  to 
r a i n f a l l .   L o a d i n g  was s i g n i f i c a n t   a t  36.9 g f o r   t h e   s t o r m   e v e n t  
(Figure 19D). 
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LVIBER TREATMENT AND HANDLING  VARIABLES 

1) APPLICATION METHOD 

ROUGH  CUT 827 KPA 
HIGH PRESSURE SPRAY : 7760 ppm TCTRA 
WITH DIATOX 1920 ppm PENTA 

6 0' 6 X t 

701 HEROCK/ 301 F I R  2 )  LVIBER TYPE 

3 )  PACKAGING 

LOOSE PACKAGES 
LWBER OIWENSIONS 

mr 

0.05 a X 0.10 a (2' X 4 " )  
0.05 a X 0.15 I (2' X 6 ' )  

0.05 a x 0.25 m (2' X 10") 
0.05 X 0.20 I 12' X 8" )  

0.05 X 0.30 I (2' X 12") 

1-01 X 1.21 I (40' X 48") 

VARIOUS 

ZERO TO SEVERAL DAYS, FRESH LUlBER WAS 
CONTINUALLY  BEING ADDED AND REIIOVED. 
THE LIMBER  6ENERALLI HAS A VARIABLE  PERIOD 
OF DRYING T I E  I N  COVERED SORTING BINS. 

PACKAGE DIPENSIONS 

4 )  FINAL  TREAlUENT DATE 

5 )  DRYING TIME 

6 1 S ITE OBSERVATIONS 

- fnE LVWBER I N  EACH PACKAGE IS SQUARED ON 
ONE END  AND UP TO 1.1 M DIFFERING LENGTHS 
ON THE OTHER. THIS EXPOSES A MUCH LARGER 
SURFACE AREA TO RAINFALL. 

- TO OBTAIN PROPER COVERAGE THE HIGH PRESSURE 
SPRAY FORUULATION R E W I R E S  TWICE THE CWCEN 
TRATION AS OTHER APPLICATION IETHOOS. 

73 BOARD FtET/SOUARE ETER. 

82 306 L (18129 #a1 1 

9 )  AVERAGE CONCENTRATIONS 609 ppb PENTA-CHLOROPHENOL 
911 ppb TETRA-CHLOROPHENOL 

J I:/ 
10 0 t-l 

1 520 ppb TOTAL 

FIGURE 18 
STORM EVENT. 

MILL #4, NOVEMBER 20, 1986 

L 



m L W B E R  TREATMENT AN0 HANDLING  VARIABLES 

1)  APPLICATION KTHOO 

ROUGH C U l  
1 

2 )  LWBER TYPE 

1 3 )  PACKAGING 

LOOSE PACKAGES 
LUIBER  OIMENSIONS 

I 

PACKAGE Dlr(EPSX0NS 

4 )  FINAL  TREATMEKT  DATE 

5 )  DRYING  TIME 
I 

*) SITE  OBSERVATIONS 

0 

r )  LIMBER  LOADING 

8 )  TOTAL  FLCU VOLWE 

1 AVERAGE CONCENTRATIWS 

I 

827 KPA 
H16H PRESSURE  SPRAY : 7760 ppn TETRA 
WITH DIATOX 1920 ppm PEWTA 

70% HEKOCK/ 30% FIR 

0.05 I x 0.10 m (2’ x 4’) 
0.05 m x 0.15 I (2” x 6’) 
0.05 I x 0.20 m (2‘ x 8’ )  
0.05 a x 0.25 I (2“ x 10’) 
0.05 I x 0.30 e (2’ x 12’) 

1.01 I x 1.21 (40’ x 48” 1 

VARIOUS 

ZERO TO SEVERAL DAYS, FRESH LLMBER W A S  
CONTINUALLY  BEING  ADDED AND REWOVED. 
THE LUWBER  GENERALLY HAS A VARIABLE  PERIOD 
OF DRYING TIHE IN COVERED  SORTING BINS. 

- THE LWBER IN  EACH  PACKAGE  IS SQUARED ON 
WE EN0 AN0 UP TO 1.1 W DIFFERING  LENGTHS 

SURFACE  AREA TO RAINFALL. 
ON THE OTHER. THIS EXPOSES A MUCH  LARGER 

- TO OBTAIN  PROPER  COVERAGE THE HIGH PRESSURE 
SPRAY  FORWULATIW REQUIRES  TWICE  THE CONCEN. 
TRATION AS OTHER APPLICATION IIETHODS. 

73 BOARD  FEETISOUARE METER. 

39 017 L (8594 fin11 

305 ppb PENTA-CHLOROPHENOL 
742 ppb TETRA-CHLDROPHENOL 

1 047 ppb TOTAL 

m FIGURE 19 MILL #4, NOVEMBER 25, 1986 
STORM EVENT. 
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5.2.3 Mill 54, Center  Drain, December 20-21, 1986. The   ca tchmen t  
basin  servicing  the  high  pressure  sprayed 1 umber was monitored  during a 
ra in fa l l   approx imate ly  1.8X the  average  intensi ty and 2.6X the   dura t ion  of 
the November 25 storm  (Figure 20). 

5.2.3.1 Prec ip i t a t i on ,  Flow, Conductivity,  Conccntratlon,  and  Loading. 
P r e c i p i t a t i o n  was continuous and o f  moderate t o  heavy i n t e n s i t y  

over  the 12 hour  per iod  wi th a to ta l   accumula t ion   o f  15.0 m (F igure 20A). 
F l o w s   w e r e   v e r y   r e s p o n s i v e   a n d   c o r r e l a t e d   d i r e c t l y   t o   r a i n f a l l  
i n tens i t i es   (F igu re  20A vs. F igure 208). 

The total  chlorophenate  concentrat ions  averaged 1 968 ppb and  were 
never 1 ower than 1OX the LC50 f o r  salmonids  (Figure 20C). This  h igh 
concentrat ion combined w i t h   h i g h   f l o w   r e s u l t e d   i n  a very   h igh   load ing   o f  
140.8 g over  the  monitoring  period  (Figure  200). 

5.2.4 Mill 57, January 23, 1987. Mill #7 uses a modern high  pressure 
spray system which  operates a t  2 068 KPa. Back f lushing  spray  nozzles were 
n o t   i n s t a l l e d   i n   t h i s  system. The drainage  basin  monitored i s  used f o r  
s to r ing   la rge   d imens ion   t imbers   imned ia te ly   a f te r   t rea tment   i s   app l ied  
(Figure  21). 

5.2.4.1 Prec ip i t a t fon ,  Flow, Concentrat ion  and  Loadinq.  Precipitat ion 
was l i g h t  and steady  over  the  monitor ing  per iod  wi th  total   accumulat ion  of  
2.8 mn over s i x  hours  (Figure 21A).  Flow r a t e   d i d   n o t   c o r r e l a t e  as w e l l   t o  
p r e c i p i t a t i o n  as i n  many o ther   loca t ions  and there were no apparent  reason 
why the peak a t  15:30 occurred  (Figure 21B). 

The lumber  had been in   t he   d ra inage   bas in   f o r  an extended  period  of 
t ime and r e c e i v e d   a t   l e a s t  7.8 mm o f  r a i n f a l l   p r i o r   t o   t h e   t e s t .  The mill 
was switching  from  cedar  production  to  white wood so t h a t  new t imbers began 
t o  be  added to   the  dra inage  bas in  a t   approx imate ly  10:30 hours. These 
timbers were d i s t r i b u t e d  one a t  a t ime  around  the  basin  being  sorted 
according  to  length.  Most o f   the   runof f  was therefore  generated  from aged 
timbers. The concentration  averaged 1 000 ppb fo r  PCP and t race   quan t i t i es  
of TTCP (F igure 21C). Total   loading was 1.94 g which  corresponds t o   t h e  
l i g h t   r a i n f a l l  and low  f low  ra tes  (F igure 21D). This  ef f luent  d ischarges 
d i rec t l y   t o   t he   F rase r   R ive r .  
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WBEC TREARlEUT WO HANDLING  VARIABLES 

1 1  APPLICATION METHOD 

ROUGH CUT 

a 
827 KPA 

YITH OIATOX 1 9 2 0  p p  PENTA 
H I S H  PRESSURE  SPRAY : 7760 ppm TFTRA 

- 1  LWBER TYPE 

m) PACKAGING 

LOOSE  PACKAGES 
LWER OI'WENSIWS 0.05 m x 0.10 m (2' x 4') 

0.05 m x 0.20 m (2' a 8.) 
0.05 m a 0.15 m (2' x 6'1 

0.05 m x 0.30 12' x 12') 
0.05 x 0.25 (2' x 10') 

1-01 I n 1.21 I (10' x 48.1 

VbRIOUf 

ZERO TO SEVERAL DAYS, FRESH L m E R  IUS 
CONTINUALLY BEING ADDED bND R E W E D .  

Of DRYING TIWE I N  COVERED SORTING BINS. 
THE  LUClBER  GENCRALLY  HAS A VARIABLE  PERIOD 

I 

i 'OD - U I L L  14  OEC 2 0 - P 1 / 8 6  CHLOROPHENDL LOAJING lCEhTRi JRA:!il - " - - - - - THE L W E R   I N  EACH PACKAGE IS MUARCD ON 

ON THE OTHER. THIS EXPOSES A W C H  LARGER 
W E  END AND UP TO 1.1 M DIFFERING LENGTHS 

SURFACE AREA TO RAINFALL. 

- TO OBTAIN PROPER  COVERAGE THE H16H PRESSURE 

TRATIW AS OTHER APPLICATIW  I tTHODS. 
SPRAY FORMULATIW REQUIRES TMlCE THE CONCEN- 

AS W ACTUAL COUNT UAS NOT W E .  
73 BOARD FEETEOUARE WETER OR SLIGHTLY HISWER 

1 6 9  482 (37 330 g a l )  

P . 0  - 
10.0 - 
11.0 - 
11.0 - 

2 u . 0  
- 

8 11.0 
- 

m 
1 

740 ppb PENTA-CHLORWINR . 
1 228 ppb TETRA-CHLOROPHINOL 

1 968 ppb TOTAL 

a G U R E  20 MILL #4,  DECEMBER 20 - 21, 
1 987 STORM EVENT. 
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1) APPLICATION WCTHDD 

RDUGH  CUT 

2 )  LWBER TYPE 

3 1 PACKAGING 

L W S E  PACKAGES 
LIMBER DIWEWSIONS 

PACKAGE DIIIENSIOWS 

PACKAGE LENGTH 

QUANTITY ' 

4 )  FINAL TREATMENT DATE 

5 )  DRYING TIME 

6 )  SITE OBSERVATIONS 

7 )  LWBER  LOADING 

8) TOTAL  FLOY VDLWE 

9) AVCRAGE CONCENTRATIONS 

70613 KPA - - - . . . . . 
WITH DIATOX 
HIGH PRESSURE SPRAY : 17 636 ppm TCTRA 

4 262 ppm PENTA 

HE#MK/F I R  

0.15 x 0.15 II 16" x 6')  . 
VARIDUS 

2.0 - 8.0 m (6.5 n. - 26 FT)  

5 234 BOAR0 W E R S  (18.319 WARD FEET) 

JANUARY 23. 1987 

THE DRAINAGE  BASIN FOR SEVERAL DAYS TO 
THE CURRENT STOCK OF LIMBER HAD BEEN I N  

RAIN. YEN LUneER XS EXPOSED TO RAINFALL 
WEDS AND HAD BEEN EXPOSED TO 7.4 an o f  

I W D I A T L Y  AFTER TREATIIENT. 

MINOR  DRIPPING WAS CONTINUOUS BY 12:DD. 

23.5 BOARD FEETISQUARE WTER 

5 244 L (1,148 ge l )  

1 056 ppb PENTI-CHLDRDPHENATES 
17 ppb TETRA-CHLDROPHENATES 

1 073 ppb TOTAL 

FIGURE 21 MILL #7, JANUARY 23,  1987 
STORM EVENT. 
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TOTAL  RUNOFF AND CHLOROPHENOL  LOADING  ESTIMATES 

Tota l   runof f  and chlorophenol  loading  est imates must incorporate a 
number o f   f ac to rs   i nc lud ing ,   ra in fa l l   du ra t i on ,   i n tens i t y  and frequency, 
lumber  treatment method, surface and packaging  characterist ics,  storage  t imes 
and handl ing  character is t ics .  

6.1 Observatlons and Assumptlons Regardlng  Loading  Estimates 
Total   loading and runo f f   ca l cu la t i ons  were based on t h e   f o l  1 owing 

observations  which became apparent  during  the  monitoring  study. 

1. A measurable r a i n f a l l  will r e s u l t   i n  a measurable  chlorophenol  runoff. 

This i s  due t o   t h e   f a c t   t h a t   t h e r e   i s  no such t h i n g  as an uncontaminated 
s to rage   ya rd   ( i . e .   t he   ve ry   f i r s t   ra in fa l l   r uno f f  on a brand new storage 
yard  is  considered  uncontaminated  runoff).   Leaching  from  the exposed 
surfaces  of  the  lumber  stacks  which  are  not  leveled will beg in   w i th in  
1-2 mn o f   r a i   n f a l  1 . When the  runoff   reaches  the paved sur face  o f   the 
storage  yard  the  yard will become contaminated.  Leachate  dripping  from 
the  lumber a f te r   the   s to rm has ended will be highly  contaminated  with 
chlorophenols.  This  leachate will dry  leav ing a film o f  C P ' s  on the 
yard. Upon t h e   s t a r t   o f   t h e   n e x t  (even  minor)  storm  event  the  runoff 
will imnediately be highly  contaminated  from  residual CP's on the yard. 

I n  most  cases t h i s  becomes d i l u t e d   u n t i l   t h e   e v e n t  has progressed to   t he  
p o i n t  where new leachate  from  the  lumber i s  added to   t he   ya rd   runo f f .  

2. There i s  a constant  (stat ic)   mix  of   t reated  lumber on the  mill yard. 

The mil 1 storage 
lumber en ter ing  
averaged  over a 
various ages i n  

ya rd  can be considered a f i x e d  space which has a mass of 
and l e a v i n g   r e s u l t i n g   i n  a re la t i ve l y   cons tan t  volume 
g iven  per iod   o f  time. Lumber on the  yard wi 11 be o f  
exposure however t h e   r e s u l   t s  show that  chlorophenol s 

cont inue  to   leach even a f t e r   m u l t i p l e   r a i n f a l l  exposures. The leach  ra te  
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from a stack will decrease w i t h  time, however, a given stack of 1 umber 
w i  11 be removed from the  yard and be replaced w i t h  a new stack. This 
will reinforce the  supply of leachable material. Averaged  over  time a 
constant concentration of CP's over the  yard  can be expected. 

3.  Rainfall intensities and durations  are significant factors i n  the short 
term. - 
I t  was apparent t h a t  increases i n  rainfall  intensity and duration were a 
significant  factor i n  increasing the quantities leached. This was 
especially evident when the lumber stacks became thoroughly soaked on the 
inner surfaces of the packages. Short duration, h i g h  intensity events 
will increase t o t a l  loading a1 though average concentrations wil l  not  
necessarily be significantly higher due t o  the d i l u t i o n  effect of the 
h i g h  vol umes of runoff. 

4. 
Rainfall intensities and durations  are not significant  factors over the 
longer term. 

L 

Chlorophenol s leached from 1 umber during a h i g h  intensity event and 
remaining on the yard after the end of the event will be  washed away by a 
low intensity event following. The i n i t i a l  low concentration/high 
volume event can be followed by a h i g h  concentration/low volume event 
therefore an averaged concentration generated per millimeter of rainfall 
can be  assumed. 

c 

Ir 

5. Concentration i n  runoff is  significantly  affected by surface  texture and 
packaging of the lumber. 

I t  was found t h a t  the surface area o f  rough cut  lumber i s  increased by 
the varying lengths of boards which  are  loosely packed (i.e. unstrapped) 
which agrees w i t h  findings by Cserjesi et .  a l .  (5). A reduction i n  
leachable surface area occurs when the  boards are planed t o  a smoother 
surface, cut  t o  the same length and tightly strapped. Average runoff 
concentrations should be calculated  separately  for these lumber types. 

Y 

u 

L 
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I 6. Total  annual 1 oading  should be calculated  using  the  appropriate  average 
t o t a l   p r e c i p i t a t i o n  and the  storage  yard  area  for   the  speci f ic   lumber 

t Y  Pe I 

m 

L 

Runoff  from  the  tops and s ides   o f  1 umber packages occurs  wi th in  
1.0-1.5 mn o f   con t i nuous   ra in fa l l .  The packages will  absorb a p o r t i o n   o f  
a l l   r a i n f a l l   s t r i k i n g  it, however, a f te r   t he   ex te r io r   su r face  has been 
saturated  the  water  absorbed by the packages will be n e g l i g i b l e  when 
compared t o   t h e   t o t a l  volume fa1 1 i n g  on the  yard. It was found  that   the 

I actua l   f low measured was approximately  equivalent  to  rates  calculated 
from r a i   n f a l  1 accumul a t i  on. Therefore , the  annual  average r a i   n f a l  1 
monitored  by  the  federal  Atmospheric  Environment  Service  should be used 
fo r   ca l cu la t i on   o f   t o ta l   l oad ing .  Average runof f   concent ra t ions   fo r   the  
specif ic  drainage  basin  should be used (Table 4 ) .  The loadings  for  each 
drainage  basin  type  should be aggregated f o r  a t o t a l  mil 1 loading. 

I 

I 

I 7. Imnediate  washoff  loading  should be calculated  separately.  

I Inmediate  washoff  occurs a t  mil 1 s which t r e a t   t h e  lumber and expose it t o  
r a i n f a l l   i n  an unroofed and uncontained  catchment  basin. These 
concentrat ions  are  found  to be extremely  high. The annual  exposure 
should  consider  the number o f   r a i n f a l l  days  and the number of   operat ional  
days per  year as the   washof f   s i tua t ion   ex is ts   la rge ly  when the  planer 

m 

I mi l l s   a re   opera t ing .  

111 6.2 Average Total  Chlorophenol  Concentrations i n  Storm Water Runoff 
From Various LIslber Treatment  Scenarios 
Total  chlorophenol  concentrations i n  dra inage  bas in  runof f  was 

a f fec ted  by var ious  factors and was d i v i d e d   i n t o   f i v e   b a s i c  groups. The  mean 
chlorophenol  concentrations 1 i s t e d   i n  Table 4 were generated  from  data 
co l l   ec ted   a t   the   s tudy  mil 1 s. These values can  be  used to  est imate  loadings 
fo r   o ther   reg ions   tha t  use simi lar   technology. 

m 

1 

m 
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TABLE 4 AVERAGE TOTAL  CHLOROPHENOL  CONCENTRATIONS I N  STORM WATER RUNOFF 

BASED ON TREATMENT  METHOD  AND  LUMBER  CHARACTERISTICS 
~~ ~ ~ ~~ 

TREATMENT METHOD AND LUMBER 
CHARACTERISTICS 

~ 

Dipped Lumber, Rough Cut, D r ip  Time 
Greater Than  24 Hours* 

Dipped Lumber, Planed, Strapped  and 
End Sealed, Greater Than  24 Hours 
Storage 

Low Pressure Sprayed Lumber, 
Unstrapped, No Drying Time 

Low Pressure  Sprayed Lumber, Planed, 
Strapped, End Sealed, Greater Than 24 
Hours Storage 

High  Pressure  Sprayed Lumber,  Rough 
Cut  Unstrapped 

TOTAL  CHLOROPHENOL CONCENTRATIONS 
PARTS PER BILLION ( u g / l )  

- S.D. 

- 

322 

2  069 

328 

967 

- 
X 

258 

443 

13 562 

456 

1,402 

+ S.D. 

- 

564 

25 055 

559 

1,837 

n = number o f  samples, x = a r i t hmet i c  mean, S.D. = Standard  deviat ion 

6.2.1 Dlpped Lumber - Rough Cut, Drip T l w  Greater Than 24 Hours. 
A t  t h e   s i t e  used for  monitor ing  d ipped  rough  cut   lumber it was 

d i f f i c u l t   t o  determine  the  time  period  lumber was s to red   in   the   bas in   o r   the  
drainage  patterns  for   the  yard.  The runof f   d ischarged  a t   severa l   locat ions and 
a composite o f  a1 1 these  discharges was imposs ib le   to   co l1   ec t .   In   the   bas in  
which was monitored  the  value  of  258 ppb i s  suspected t o  be a low  value, and a 
poor   representat ion  o f   the  average  concentrat ion  over   the  ent i re   yard.  

6.2.2 Dipped  Lurber - P1 aned, Strapped  and End Sealed, 
Greater Than 24 Hours Storage.   S imi la r   d i f f i cu l t ies   ment ioned 

i n  6.2.1 were experienced a t   t h i s   s i t e   i n   a d d i t i o n   t o   r e p e a t e d   t h e f t  of 
sampling  equipment. The average total   chlorophenol   concentrat ion  in  storm 
water   runof f   fo r   the  two storm  events  monitored was 443 - + 121 ppb and i s  a1 so 
considered  low. It was found  that  a s ign i f i can t   p ropor t ion   o f   the   lumber  had 
been in  the  basin  over  several   storm  events and tha t   less   than 40% was f resh ly  
t rea ted  1 umber. 
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6.2.3 Lou  Pressure  Sprayed Lumber - Unstrapped, 
Varyf  ng  Lengths,  Zero  Dryf  ng Time. Lumber which i s  sprayed by 

a low  pressure  spray  system and imnediately exposed t o   r a i n f a l l   y i e l d s  
s ign i f icant   washof f   w i th  an average  concentrat ion  of  13  562 - + 11 493 ppb. 
The areas where t h i s   o c c u r s   i s   s m a l l   r e l a t i v e   t o   t h e  mil 1 ya rd   s i ze  
account ing  for   less  than 2% of   the   to ta l   s to rage  a rea   in   the   lower   F raser  
River Watershed, however it accounts  for up t o  20% o f  t h e   t o t a l  1 oading  of 
chlorophenol s. These areas  are  generally  found a t   t h e   s o r t i n g   c h a i n s   o f  
rough cu t   o r   p laner  mil 1 s. 

6.2.4 Lou  Pressure  Sprayed Lumber - Planed,  Strapped, 
End Seal ed, Greater Than 24 Hours Dry Storage Tf me. O f  the 

t o t a l  number of   chlorophenols  process  uni ts  in  operat ion,  68% are  low 
pressure  spray systems ( 7  1. I n  general  the 1 umber t rea ted  by t h i s  method 
will have some per iod o f  covered  storage.  For  lumber  which had 24 hours t o  8 
days o f   d ry   s to rage  t ime  the   yard   runof f  was found t o  average 456 - + .lo3 ppb 
total   chlorophenol  s. 

6.2.5 High Pressure Sprayed Lumber - Rough Cut, Unstrapped. O f  t h e  
t o t a l  number of   chlorophenol   process  uni ts  in  operat ion 4% are  high  pressure 
spray systems. The  number o f  new systems  coming in to   opera t ion  will increase 
as mil 1 s modernize. The high  pressure systems wi th in   the  s tudy  group  o f  
mil 1 s were used t o   t r e a t  rough c u t  1 umber only. There i s  no data on high 

pressure  sprayed  planed 1 umber. The rough  cut  boards  are  stacked  with 
vary ing  lengths on one end  and are  unstrapped. The rough  texture o f  the 
lumber  provides  greater  surface  contact   wi th  the  water and the  loose 
packaging  a l lows  eas ier   in ter ior   wet t ing o f  the  lumber package. The average 
concentrat ion  of   total   chlorophenol  s a t  such s i t e s  was found t o  be 
1 402 - + 435 ppb. 

6.3 Annual Total  Runoff  and  Chlorophenol  Loading t o   t h e  Study  Areas 
Tota l   runof f  and chlorophenol  loading was est imated  for   the  three 

regions,  Fraser  River,   Burrard  In1  et  and Howe Sound based on r a i n f a l l  and 
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1 umber product ion  cr i ter ia   un ique  to  each area. I n  general  there  are 25 t o  

27 m i  11 s capable o f   t rea t i ng  1 umber i n  the Lower Fraser watershed, two i n  
Bur rard   In le t  and two i n  Howe S6und a t  Squamish. Not a l l   m i l l s   c o n t i n u a l l y  
process treated 1 umber. Certain mil 1 s will exclus ive ly   cut  cedar f o r  
por t ions  o f   the  year   or   for  a whole year depending on market demand and thus 
the  storage area used f o r  such t reated lumber will be reduced. The loading 
estimates  for  the  Fraser  River were based on the  fo l lowing: 

- Where the  actual  storage  yard  area was not  known  an average to ta l   ya rd  area 
o f  22 370 m2  was assumed (based on yard  sizes  from mil 1 s surveyed) ; 

- Where a storage  area o f  22 370 m2  was assumed t h i s  was  mu1 t i p l   i e d  by a 
f ac to r   o f  h t o  a value o f  11 185 m2 t o  account f o r   p a r t i a l  usage o f   o ther  
wood species o r  new usage; 

- The sum o f  the  storage  areas i n  each basin  which was used f o r  low  pressure 
sprayed 1 umber  was  mu1 t i p l   i e d  by a f a c t o r   o f  1 1 t o  account f o r  1 umber i n  
t rans i t   o r   s to red   a t   o the r   l oca t i ons   i nc lud ing   re ta i l  lumber yards. The 
1.1 factor  was added  as a r e s u l t   o f   f i n d i n g   t r e a t e d  lumber a t   r e t a i l  lumber 
yards and the movement o f  1 umber to  export   terminals and r a i l   y a r d s   f o r  
shipment; 

- The t o t a l   r u n o f f  volumes  were c a l c u l a t e d   i n   t h r e e   a n n u a l   t o t a l  
prec ip i ta t ion  percent i le   va lues  o f  5X<,  50% and 95%. 

The term " 5 W "  means t h a t  5% o f  the annual to ta l   p rec ip i ta t ion   va lues  will 

be less  than  the  given  value. The 50% i s   e s s e n t i a l l y   t h e  mean t o t a l  
prec ip i ta t ion  va lue  for   the  reg ion.  

The total   loading  values  are  calculated  using  the  fo l lowing formula: 
Low Year = ( X  - S.D. )  X [%<I 
Average Year = ( x )  x [50% J 
High Year = ( x  + S.D. )  x [95%<] 

I) 

L 
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Where x = The ar i thmet ic  mean o f   the   to ta l   ch lo ropheno l  
concentrat ion  for   the  lumber   type  l is ted  in   Table 
4. 

Where S.D. = The standard  deviat ion  of   the  concentrat ion 
assuming a normal d i s t r i b u t i o n   f o r   t h e  sample. 
(This  was ver i f ied  us ing  the  s tudents  T t e s t   a t  a 
95% probabi 1 i ty conf i dence 1 imi t. ) 

[95%<] = Annual f low  ra te  account ing  for   the sum t o t a l   o f  
the  drainage  basin  s izes  for   types 1 i s t e d   i n  
Tabl e 4 and  annual r a i n f a l l   d a t a  1 i s t e d   i n  
Table 1. 

6.3.1  Annual Runoff and Chlorophenol  Loadlng t o   t h e  Lower Frarer  River.  
The lower  Fraser  River from Kanaka Creek to   t he  mouth a t  Georgia 

S t r a i t  was d iv ided  in to   three  areas as 1 i s t e d   i n  Tabl e 5. This was t o  
account f o r   t h e  50%~ r a i n f a l l   v a l u e  which  varied  from 1 094 mn a t  Vancouver 
A i r p o r t   t o  1 923 mn a t  Whonnock,  The runoff  vol  urns  generated were from 
489 092 m3/yr t o  775  794 m3/yr f o r  a to ta l   ch lorophenol   loading  o f  226 kg/yr  
t o  916 kg/yr. 

6.3.2  Annual Runoff and Chlorophenol  Loading t o  Bur ra rd   I n le t .  
The two expor t   te rmina ls   a t   Bur rard   In le t   near  Second Narrows  are 

l o c a t e d   i n  a h i g h   r a i n f a l l  area.  Export  terminal s have a mi x o f  wrapped, 1 ow 
pressure  sprayed,  high  pressure  sprayed and dipped  lumber d i s t r i b u t e d  
throughout   the  terminal .   V i r tua l ly   a l l   the  lumber   is   p laned,   s t rapped and 
end  sealed. To ta l   runof f   va lue   fo r   Bur rard   In le t  will range  from  511 257 m3 
t o  848 786 m3 w i t h  a to ta l   ch lorophenol   loading  o f  205 t o  523 kg  per  year. 
These yards  are  adjacent  to  marine  waters and c o n t a i n   t h e i r  own drainage 
systems. F u r t h e r   d i l u t i o n  will not  occur  before  d ischarge  to  the  receiv ing 
environment. 

6.3.3 Annual Runoff  and  Chlorophenol  Loading t o  How Sound a t  Squamirh. 
Runoff   to Howe Sound a t  Squamish i s  generated  from one 1 umber m i  11 

and export   terminal   which  d ischarges  direct ly  to  estuar ine  waters.  The 
runo f f  volume will range  from 164 749 m3/yr t o  260 895 m3/yrD  Rainfal l  i s  
very  high i n   t h i s  area a t  2 222 m/yr  and the   runof f  volume will range from 

164 749 m2/yr. Total  chlorophenol  loading i s  estimated a t  85 kg l y r .  
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I 6.4 Simulation o f  Discharge Plumes o f  Contaminated S t o m  Water 
The discharge plume p r o f i l e   o f  a typ ica l   s torm  runof f   f rom a 1 umber 

yard  containing  high  pressure  sprayed  rough 1 umber, dipped  rough 1 umber and 
low  pressure  sprayed  lumber was simulated  using  the  Motz-Benedict (MOBEN) 
Model f o r   e f f l u e n t   d i s c h a r g e   t o  a r i v e r   ( 3 )   ( F i g u r e  22) .  

This model i s   a p p l i c a b l e   t o   s i m u l a t i o n   o f  a surface plume free  f rom 
the  shore and r i v e r  bottom and i s   v a l i d   f o r  low  ambient  currents where the 
buoyant  discharge i s  low as defined by t h e   j e t  Richardson number. (Where j e t  
ve loc i ty   should be greater   or   equal   to   tw ice  the  ambient   r iver   ve loc i ty .  ) 

This model assumes t h a t   t h e   j e t   i s  two dimensional ,   that   the  f low 
regime i s  completely  turbulent and that  t racer  (chemical)   concentrat ion 
change other  than  by  mixing i s   n e g l i g i b l e .  

6.4.1 Assumptions Made Regarding  Storm  Runoff. The f low 
charac ter is t i cs   o f   the   s to rm  runof f  were assumed under  the  fo l lowing  worst  
case condi t ions on the  lower  Fraser  River  which i s   s t r o n g l y   a f f e c t e d  by 
ti des. 

- A storm  of  7.0 mn in tens i ty   over   s ix   hours   beg ins   jus t   a f te r   the   t ide   ga tes  
are  closed  by a f l ood   t i de .  The f lood  covers  the  gate  for  six  hours 
backing up a l l   r u n o f f  water. 

- Flow  from  the  t ide  gate will begin when t h e   a i r   l o c k   i s   b r o k e n  by  the 

- I n i t i a l   f l o w   i s  very  h igh (0.34 m3/s) and of   shor t   durat ion.   River  

- Second stage  f low i s  one h a l f   i n i t i a l  flow a t  0.17  m3/s and r i v e r   v e l o c i t y  

f a l l i n g   r i v e r   l e v e l  on ebb t i d e .  

v e l o c i t y  i s  low a t  0.10 m/s. 

i s  s t i l l  0.10 m/s. 
- T h i r d   s t a g e   f l o w   i s  40% o f   f i r s t  stage  flow a t  0.14 m3/s and r i v e r   v e l o c i t y  

i s  increas inng  to  0.15 m/s. 
- The r u n o f f   c o n c e n t r a t i o n   f o r   a l l   s t a g e s   o f   f l o w   i s  1 200 ppb t o t a l  

chlorophenol  which was t yp i ca l   o f   f l ow   found  a t  an ac tua l   s i te .  
- The f low  of   the plume i n t o   t h e   r i v e r   i s   p l o t t e d   f o r   t h r e e   c o n c e n t r a t i o n  

contours  ( isocons)   o f  50 ppb, 100 ppb and 200 ppb total   chlorophenol  
(F igure 22). 
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6.4.2 Runoff S l w l a t i o n s  #I, 1 2 ,  #3. The i n i t i a l   h i g h   f l o w   v e l o c i t y  
of   the  outfal l  and low  f low  ve loc i ty   o f   the   r i ver  a1 lows  the plume t o  push up 
t o  26 m i n to   t he  ri ver   for   the 200 ppb i socon , 42 m fo r   t he  100  ppb i socon 
and 56 m fo r   the  50 ppb isocon. 

The simulation assumes tha t   t he   s ta ted   f l ow   ra te   o f   t he   ou t fa l l  and 
the   f low  ra te   o f   the   r i ver  remains constant  which i n  the case of   the  lower 
Fraser will not  apply. The storm  water volume i s  usual ly a f i n i t e   q u a n t i t y  
wi th a decreasing head. The r i v e r   f l o w   v e l o c i t y   i s   c o n s t a n t l y   f l u c t u a t i n g  
due to   t i da l   i n f l uence  and i s  increasing on  an  ebb t i de .  

The second simulat ion  ref lects  the  decreasing head on the  storm 
water flow by lower ing  the  f low  ra te  to  50% a t  0.17  m3/s.  The  200  ppb isocon 
extends 14 m from  shore,  the 100 ppb-24 m and 50 ppb-31 m. 

The th i rd   s imu la t ion  reduces runo f f   t o  40% o f   o r i g i n a l   f l o w  and 
increases   r i ver   ve loc i ty .   In   th is  case the 200 ppb isocon i s  7 m from shore, 
the 100  ppb i s  12 m and the 50 ppb i s  15 m. 

An ac tua l   f ie ld   s tudy   o f  such a discharge has not been performed, 
however, the  simulat ion was  made based on r e a l   i s t i c  data  observed during  the 
monitoring program. Other plumes observed  discharging  from  peat bogs which 
are  highly  colored suggest that   the  actual  plume will be a combination of   the 
ear ly  stages  of   s imulat ions #1 and X2 and a major  port ion  of   s imulat ion X3. 
It i s   s i g n i f i c a n t  t o  note  that  the downstream dis tance  a t  which chlorophenol 
concentrations a t   o r  above the LC50 o f  100 ppb could be observed  approaches 
60 m. The plume also hugs the  shorel ine  (simulat ion #3) which i s   l i k e l y  t o  
have the most s i g n i f i c a n t   a f f e c t  on j u v e n i l e   f i s h  (and other  aquatic 
o r g a n i s m s ) .  

Elevated  shoreline  chlorophenol  concentrations o f  10.0-15.0  ppb i n  
r i v e r  water were measured approximately 200 m downstream o f  a l a rge   ou t fa l l  
a f t e r  a storm  event such  as the one simulated. (1) The r e s u l t s   o f   t h i s  
simulation  indicate  that  storm  water  discharges may produce p o t e n t i a l l y   t o x i c  
af fects i n  nearshore  receiving  waters. 
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7 FISH BIOASSAYS OF PURE STORMWATER EFFLUENT 

L 

.) 

m 

Chlorophenols are among the most acutely tox ic  chemicals t o  fish 
and other aquatic life. Controlled laboratory studies of chlorophenol s have 
established 96 hour LC50 values of 40-130 ppb for salmonids (8, 9,  10). 
Survival , growth,  metabol ism and reproduction of aquatic organisms may be 
impaired by prolonged  exposure t o  concentrations of less than 10 ppb (8,  11, 
12,  13,  14). 

Application of laboratory derived LC50 values t o  field situations 
is  often d i f f i cu l t .  Bioassay tests performed w i t h  undiluted effluent provide 
more  meaningful information concerning the potential  for  effect on the 
receiving environment. 

7.1 Bioassay Procedures 
The acute lethal  static  fish bioassays (LT50*)  were  performed by 

the Environmental Protection Bioassay Laboratory i n  accordance w i t h  the 
Provincial Guidelines and Laboratory Procedures for Measuring  Acute  Lethal 
Toxicity of L i q u i d  Effluents t o  F i s h  (15) .  Ten rainbow trout (Salmo - 
gairdneri) ranging i n  size from 0.51 t o  1.4 grams  were placed i n  20 l i t res  of 
continuously aerated, undiluted storm  water effluent. The bioassays were 
then  observed a t  .08, .17,  .33,  .67,  1.33,  2.7,  24,  48, 72 and 96 hours. 
Mortality was recorded as the time t o  cessation of a l l  movement by i n d i v i d u a l  
fish. 

7.2 Results Mfll 14 and Mill #6 
A summary of the  bioassay test conditions i s  presented i n  Table 
6. 

*The LT50 i s  the calculated  lethal time t o  death of 50 percent of the test 
fish a t  a specified concentration of effluent. 

I, 
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TABLE 6 BIOASSAY TEST CONDITIONS - MILL 14, NOVEMBER 25, 1986 

PARAMETER RANGE VALUE UNITS 

iT Weight 

Loading  Density 
4.0 - 5.5 4.4  cm X Length 
0.51 - 1.4 0.72 9 

gC/L 
0.36 

Temperature 15 
6.7 

grssol ved Oxygen 
ml/L 

12 .o 
Conduct iv i ty  m /cm 0.210 
PCP PPb 440 
TTCP PPb 810 

The concentrat ion  o f  PCP and TTCP i n   t h e  bioassay sample  were 
440 ppb and  810 ppb respectively,  exceeding  the LC50 values  by  over 4 (PCP) 
and 8 (TTCP) t imes.  While  addit ional  water  qual i ty  data i s  no t   ava i l ab le   f o r  
t h i s  sample, data  from  the same s i te ,   co l l ec ted  on  November  25, 1986 ind i ca te  
t h a t  all parameters  fa1 1 wi th in   acceptable  leve l  s and would  not be expected 
t o   c o n t r i b u t e   t o   t h e   o v e r a l l   t o x i c i t y   o f   t h e  sample (Appendix I ) .  

Results  of  the  bioassay  are  sumnarited i n  Tab1 e 7. 

TABLE 7 LT50  BIOASSAY RESULTS - MILL 14, NOVEMBER 25, 1986 

CUMULATIVE  MORTALITY AT TIME (hours) 
TEST 

.08 96 72 48 24 2.7 1.33 .67  .33 -17 

Control - - - - - 10 Od Oc Ob Oa 100% E f f l u e n t  
0 0 0 0  0 0 0 0 0 0 

. 
a = cou h ing  
b = era i! i c  swimning 

c = e u i l i b r i u m   f a i l u r e  
d = 1! f i s h  moribund 

When i n t r o d u c e d   i n t o   t h e   t e s t   s o l u t i o n ,   t h e   f i s h  became excited. 
Wi th in  5 minutes  they  exhibited a coughing  response  fol lowed  by  errat ic 
swimming w i t h i n  10 minutes  of  exposure. By 20 minutes  exposure  t ime  the  f ish 
had l o s t   e q u i l i b r i u m ,   t h e i r   o p e r c u l a r   ( g i l l   c o v e r )  movements became i r r e g u l a r  
and they became unresponsive t o  movement o r  touch. 
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The 100% e f f l u e n t  LT50 was greater  than 40 minutes  but  less  than 80 

minutes f o r  

A 
i s  provided 

TABLE 8 

rainbow t rout   underyear l ings.  

sumnary o f   the   b ioassay   tes t   cond i t ions   fo r   e f f luen t   f rom Mill #6 
i n  Table 8. 

BIOASSAY TEST CONDITIONS - MILL t 6 ,  JANUARY 23, 1987 

PARAMETER RANGE VALUE UNITS 

X Weight 

15 C Temperature 
0.43 9/L Loading  Density 

4.1 - 5.2 4.7 cm X Length 
0.55 - 1.2 0.86 9 

7.9 
byssol ved Oxygen 

mt/L 
9.4 

Conductivity m /cm 
PCP 
TTCP PPb 1,027 

- 
PPb 380 

The concent ra t ion   o f  PCP and TTCP i n   t h e  bioassay sample  were 
380 ppb  and 1 027 ppb   respec t i ve l y ,   exceed ing   t he  LC50 va lues  by 
approximately 4 (PCP) and  10 (TTCP) times.  General  water  qual i ty analyses 
were performed on t h i s  sample  and resul ts  are  presented i n  Appendix VI. 
These data  ind icate  that   the  major i ty   o f   parameters  are  wi th in   acceptable 
l e v e l s  and would 1 i k e l y   n o t   c o n t r i b u t e   t o   t h e   t o x i c i t y   o f   t h e  sample. 
Concentrat ions  of aluminum, i r o n  and s i l i c o n  were elevated, however, and may 
have some e f f e c t  on t h e   o v e r a l l   t o x i c i t y   o f   t h e  sample. 

Resul ts   o f   the   b ioassay   a re  sumnarized i n  Tab1 e 9. 

TABLE 9 LT50  BIOASSAY  RESULTS - MILL t 6 ,  JANUARY 23, 1987 

CUMULATIVE  MORTALITY AT TIME (hours) 
TEST 

008 96 72 48 24 2.7 1.33  .67 .33 .17 

Control 

10 Ob Oa Oa 0 0 100% E f  f 1 uent 

0 0 0 0  0 0 0 0 0 0 

- - - 

a = surface swim b = severe  stress and coughing 
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When in t roduced   i n to   t he   t es t   so lu t i on ,   t he   f i sh  became excited. 
Time checks t o  40 minutes showed t h a t   t h e   t e s t   f i s h  were surface swimning. 
By 80 minutes  exposure  duration,  the f i s h   e x h i b i t e d  severe  stress and 
coughing . 

The 100% e f f l u e n t  LT50 was greater  than 80 minutes  but  less  than 
120 minutes f o r  rainbow t rout   underyear l ings.  

7.3 Toxicity o f  Pure S t o n  Water Ef f luent  
The bioassay  resul ts  for   both mil 1 s i t e s  demonstrate  the  high 

toxic i ty  of   the  chlorophenol   contaminated  storm  water  ef f luent.   Since some 
of   the  chemical  could be expected t o  be adsorbed  by  the  testing  environment 
(suspended  sediment,  organic  matter  etc. ) , t h e   t e s t   c o n d i t i o n s   c o u l d   r e s u l t  
i n  a low estimate o f  t h e   t o x i c i t y  (10, 16).  Storm  water  eff luent from the 
wood protect ion  indust ry   represents   both an acute and chronic  hazard t o  
aquatic l i f e   i n  the  receiving  environment. 

F igure 23 shows the  total   monthly  precipi tat ion  averaged  over 
t h i r t y   y e a r s   f o r  Vancouver A i r p o r t  and Squami  sh. These represent  the 
extremes i n   p r e c i p i t a t i o n  which can be expected i n  most B.C. Coastal  areas. 
It i s  ev ident   that   ra in fa l l   occurs  year   round even i n  the   d r i es t  month o f  
Ju ly .  An average o f   s i x  days w i t h   r a i n f a l l   ( a t  5mn/day) occur a t  Vancouver 
Ai rpor t   dur ing  Ju ly .   Th is   da i ly   accumulat ion i s   s u f f i c i e n t   t o  produce 
s i g n i f i c a n t   q u a n t i   t i e s   o f   r u n o f f  as demonstrated i n  sections 3 through 5. 

The usage o f   t h e   r i v e r s  by j u v e n i l e   m i g r a t o r y   f i s h   i s  documented i n  
F igure 24. The concern w i th  r e s p e c t   t o   a c u t e   t o x i c i t y   i s   f o r   j u v e n i l e   f i s h  
inhabi t ing  the  nearshore  areas  adjacent  to  t reated 1 umber storage  areas. 
These f i s h  range i n   s i z e  from fry (4.0-6.0 c m )  t o  smolts (10 t o  15 cm) and 
are most l i k e l y   t o  encounter a discharge  of  contaminated  runoff  during  the 
downstream migration  period  which  occurs from the  beginning  of  March t o   t h e  
end  of  June ( 2 ) .  

Due t o  the   smal l   s ize   o f   the   f i sh  it i s  conceivable  that  a 1 oca1 
k i l l  could  occur  after  which  the  juveni les  would be consumed by other  f ish,  
b i r d s   o r  be washed downstream w i t h  no v i s i b l e  evidence o f   the   event  
occurring.  Recent  studies have found  t race  leve l  s of  chlorophenol s i n   a d u l t  
salmon migra t ing  up the  Fraser  River  (24).  Mature  eulachons have shown 
increases  of  chl  orophenol s i n   t i s s u e   d u r i n g   t h e i r   m i g r a t i o n  from Steveston t o  
the   Por t  Mann Bridge  (24 1. 
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7.4 Level s o f  Chlorophenol s i n  Aquatf c Organf sms i n  the Fraser   River  
Table 10 provides a shor t  sumnary of   ch lorophenol   leve ls   in   aquat ic  

organisms co l l ec ted  between 1973 and 1986 which  are known t o   e x i s t   i n   t h e  

Fraser  River and t o  which  storm  water  discharges  are  expected  to  contribute. 

TABLE 10 MAXIMUM  TOTAL  CHLOROPHENOL  CONCENTRATIONS  FOUND IN WATER, SEDIMENT 
AND AQUATIC ORGANISMS IN THE LOWER FRASER RIVER AWD ESTUARY.( 17) 

Matr ix  

Water 

Organi sm 

Sculpin  Muscle 
Who1 e T i  ssuc 
L i v e r  

F1 ounder 

Squaw 
Sucker 
Pea Mouth Chub 

smelt 
F l  a t f  i sh 
Rainbow Trout  
Cutthroat  Trout 

Dol l y  Varden 
vlhi t e  Sturgeon 

CONCENTRATION 
( PPb 1 

1 000 

575 
239 

1 550 

127 
130 
370 
74 
30 
44 
60 
60 

55 
130 

Sediment 

Carp 

Eulachon 
S t i c k l e  Back 

Shrimp 
C1  am 

Dungeness Crab 

Crayf 5 sh 
Polycheates 
Pel ecypoda 

Chironomids 
Lampreys 

CONCENTRATION 
(PPB 1 

130 

308 

21 
195 
3 
5 
9 
5 

2 500 
30 

90 
60 
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APPENDIX I 

WEST  VANCOUVER  LABORATORY SERVICES 
ENVIRONMENTAL  PROTECTION, 

PROTOCOL FOR THE ANALYSIS OF 
CHLOROPHEWOLS I N  FRESH WATER 
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SCOPE W D  CIPPLICFITION I 

T h i s  motnod is 8oolicablm t o  thm a u a l i t a t i v e  and q u r n t i t a t i v m  98s 
~hr0matOQr8ohiC dotrrminat'ion Of Pmnt8ck1oropkrnol ,  2*3, 4 , 5 - ~ O t r . c h l o m ~ h o n o l ,  
2,3,4.6-T0tracniomokenol and 8,3.5,6-Totr8chlorophenol in n a t u r a l  and waste IL 

waters. udimnts 8nd biota.  T h m  minimum d m t . c t 8 b l m   c o n c o n t r 8 t i o n  of 
P o n t a c n i o r o m r n o i  i n  W 8 t m r S  8nd sedinmt/biot8 88InPlmS is 8.m ue/1  and 8.8881 
u q / g   ~ - o s o o c t i v e l v .  Tha Tot rach lo rophmnol s   8 in I i l8P ly   p rov idm 8.884 u p / l  
@.am2 u g i p  as dmtect ion limits. T h e s e   r e s u l t s  umre obtainad u s i n g  a packed 
column 51s chromakogrroh  w i t h  e l m c t r o n  c80tu1-• d o t a c t o r .  II 

SQMPLE CONDITION 

Notor Fill glasswarm.  aluminum f o i l  8nd sampling  oouipmmnt t h 8 t  comas i n  
- 

c o n t a c t  w i t h  t h e  S 8 N O l O  m u s t  bm 8 C m t O n a  r i m e d  rnd hart t r aa tod  a t  
St3 C for minimum o f  12 hr .  

1. Watmr s a m o l r s   r n o u l d  bo collectad i n   8 n  811 9 1 8 ~ s  systmm and stored a t  4 C 
or l u s t  abovm  tnm f m z i n g   p o i n t .  I f  Tmflon l ined  cam 8re not 8VailablO 
for t h o  s u n o l i n o  cont8inors thon trm8t.d 8luminum f o i l   r u s t  be usod as 8 
l inor.  S8mo;m v o l ~ m  s h o u l d  bm 8t lm8.t 1 litre. 

2. Sodimenic and biota  S 8 m D h S  s h o u l d  be colleeted 8nd frozmn  lImRedi8tmly i n  8n 
m 

a l l  91888 svstw. T ~ a 8 t o d  8lwinum f o i l  rnry 8180 k usad  t o  wr.0 t h e  
samoles For s t o r a p e .  I f  T e f l o n  lined C 8 M  are not 8Vai18blm for  tho 
s r m o l i n p   c o n t r i n r r s   t h r n  trmrtmd aluminum f o i l  m u s t  bm used as 8 linmr. 
Samole  wmlpht collmcted s h o u l d  be 8t 108.t 25 grams. I* 

METHOD PRINCIPLE 

Fkuwus s . h l D 1 e s  8- a c i d i f i e d  t o  pH E! w i t h  conc. H-4 8nd thm c h l o r i n r t m d  
phonols o r t r r c t r d  w i t h  a t h y l  other. Wtrr c o n c e n t r a t i o n  t h e  owtr8ct is 
rwthy:a teo   us ing  r t h a r a l  d i r z o m m t h a n r .   T h e   r x t r 8 c t  i s  clo8md u o   u r i n g  8 
F l o r i s i l  column t h m n   t r e a t e d   a u c c o s s i v e l y   w i t h   8 c t i v 8 t . d   c o p p o r ,  conc. I42804 I* 
and  nwrcury  to roiaovm i n t m r f m r m c r s .  
S o d i n a n t  ana b i o t a  (after h o m o ~ m n i z 8 t i o n )  are acetom mwtr8ctmd  using a wrist 
a c t i o n  s h a k r r  8nd t h r n  t-8t.d 8s 8 b O V r .  
FIltmrnatmly, redimant sanoles aro sorhlmt extracted w i t h  acmtono and t h a n  
trm8t.d as 8 b o V O .  B i o t 8  suplom are dipmrtmd o v a n i p h t  w i t h  5 0 %  s u l f u r i c  8Cid  
i n  a b O r 1 Z O n ~ - i m X 8 m  w l u t  i o n  and tr0at.d in t h e  mrnnmr ou t l ined  for thm w8t.r 
s m p l a s .  Tho suoims aro than a n a l y z o d  by packed column gas d r o m a t o p r 8 p h y .  

rn 

INTERFERENCES 
L 

1. Solvents. r e a a e n t s .  ~18sswar-e and o t h e r  s8mple p r o c r s s i n g   h a r d w 8 r m   n a y   y i o l d  
d i s c r e t o  rrt i f 8 C f S   a n d / o r   o l o v 8 t m d   b r s m l i n m s   c a u s i n g   n i s i n t o r p r e t a t   i o n  of 

o f  i n t e r f e r o n c o s   u n d o r  thm c o n d i t i o n s  o f  a n a l y s i s .  
p8. Zhrom.fOQr8OhS.  fill O f  thmsm materir~r W4.t bo dornomtratrd t o  bo free a 
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2. O r p a n o c h i o r i n s   o e r t i c i d e s ,   c e r t a i n   o r p a n o p h o s p h o r o u s  pest i c i d e s ,  other 
h&:oponoteo COmDoundP, p h t h a l a t e  esters and elemental B U l p h u r   c o n s t i t u t e  
i n t e r f e r e n c e s   i n   t h e   d e t e r m i n a t i o n  o f  CP's. Most o f  these a r e  eliminated 
by t h e  metnoc; d e s c r i  bed below. 

3. P e t r c l e u m   n v o r o c r r b o n s  may create a n a l y t i c a l   p r o b l e m s ,   s u c h  as quench ing  
of t h e  E t  detector,  e s o e c i a l l y  when t h e i r  c m c m n t r a t i o n   c o n s i d e r a b l y  
excileac t h e  CF c o n t e n t .   P e t r o l e u m   h y d r o c a r b o n s  are u s u a l l y   d e s t r o y e d  by 
t h e  % u l f u r i c   a c i d   c l e a n - u p   n t e p   d e t a i l e d  i n  t h i s   p r o c e d u r e .  

4. D i f f i c u i t i e s , m a y  be e n c o u n t e r e d   i n   t h e   a n r l y s i s  o f  p u l p  mill waste due t o  
t h e  i n t e r i e r e n c e  o f  c h l o r i n a t e d   d e g r a d a t i o n   p r o d u c t s  of l i g n i n .  

5. 2,3,4.6-tetr-acnloroohenol is n o t   r e s o l v e d  from 8.3,5,6-tetrrchlorophenol 
w i t h   t h e  recommended. pas chromatograph ic   co lumns .  

PREC1S:CN BND CICCURacY 

Recovery o f  C h l o r i n r t e d   P h e n o l s   f r o m  750 m l  of  F o r t i f i e d  Wastewater 

Fort i f  icat ion FIverage Coef f i ci  e n t  

( u p / l )  ( X )  ( % I  

2,3,5.6-Tetramioroohhrnol 1.0 9 1  3. 6 
2, 3,4, !%?etrachioroDhenol 1.0 90 4 .3  
2 ,3 ,4 .6 -Te t r ach  1 oronhhrnol """_ No Data F I v a i l r b l e  -------- 
P e n t a c h l a r o o n e n o i  1.0 96 2.4 

Ch lo r inaseo   Pheno l  Leve 1 Recovery of  v a r i a t   i o n  

......................................... 

FIPPFIRRTUS 

a11 glassware must be washed  wi th   heavy-duty   soap ,  r i nn rd  w i t h  d i s t i l l e d  water, 
r i n s e d   w i t n   a c e t o n e   a n d   t h e n   h e a t  t reated a t  32s C f o r  at least 18 h o u r s   p r i o r  
t o  use. The Qlarrware 8 m U 6 t  be stored in  a n  area p r o t e c t e d   f r o m   c h e m i c a l  
c o n t  ami n r t   i o n .  

1. 
2. 
3. 
4. 
5. 
6. 
7.  
e. 
9. 
1 0  
11. 
12. 
12. 
13. 

R o t a r y   e v a o o r a t o r .  
Soxh 1 ot  e x f  r a c t   i o n   a p o r r a t  us. 
E x t r a c t i o n  t h i m b l e s .  
Boi 1 i n p  f lrsus.  12S-rn1, 250-ml. 
Seorratory fannels, 1 2 5 - m l ,  250-rn1, SFKI-nl. 
Vials. 7-ml.  w i t h  t i n  liners on   caps .  
'JGliiinetriC f l a s k s .  2 - m l .  5-ml.  
Brinkman  Poly t ron   homogenizer .  
Womoqrni:er t u b e s ,  5-cm X 5-cm X 12-cm. 
Screw toa  c e n t r i f u p e   t u b e s ,  100-ml. 
Magne t i c  s t irrer o r  wrist-act i o n   s h a k e r .  
D i a z a l d  k i t .  Ctldrich WZ10,825-0. 
Gas cnromotopraoh .  w i t h  d u a l  EC detectors and on-column inJectors. 
Gas c h r o m a t o g r a o h i c   c o l u m n s  - 180 c m  x 4 mm ID. 
<a) Pr imary  - 4% OV-101/6% OV-El0 on 80/100  Chromosorb W. 
(b)  C o n f i r m a t i o n  - 3% OV-1 on  on  88/100  Chromosorb W. 
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GFlS CHROMFlTOGR&lPh CONDITIONS 

Oven tcm~ - 160 C 
Inlet temo - 220 C 
3.tector rcmo - 350 C 

REFlGENTS 

Carrier  gas - 95% arpon/S% methane 
Detector  temp - 60 ml/min 

1 

NOTE: nil reaoents must be  shown  to  contain no interfering substances by .) 

running the aporooriate blanks. 

1. 
2. 
3. 
4. 
5. 
5. 
7. 
9. 
3. 

10. 

11. 

i2. 

.3. 
14. 
.s. 

6. 
7 .  
8.  

Ir 

Hexane. oesticide prade. 
Flcetonr, oectlziae prade. 
Bsnzcne. oest icide grade. 
Diethv; ctner. oesticide prade. 
Ethanoi. 95%. oest icide grade. 
Methano;, w s t ~ c i d e  grade. 
I so-oct  ane. oast  ici de grade. .L 

Sulfuric rcie.  conc. 
Hexane extracted tao water. 
-ex&.  *fact 1508 ml o f  tao water with e00 ml o f  hexane in a 2 1 seo. funnel 
-let seoarate IS min then discard hexane  fraction 
-Teaeat extraction two more  t irnes 
Sodium sulfate. anhydrous. 
- h i a t  treated for 12 hr r t  325 C 
-wash with oesricide grade solvent o f  choice prior to use 
Sodium chioride. 
-heat treated for 12 hr at 325 C 
-wash with oesticide grade solvent of  choice prior to use 
Sodium chloride solution, 2%. 
-make UD uoino hexane extracted tap water 
Sod i um hvdrox ide. 
Potassium hyoroxide. 
Coooer.  act  ivated. 
-rinse the coowr oowder with 2N HCL for 30 sec  then filter and rinse 

-wash  with acetone 4 timer and air dry. 
-wash with hexane 3 times. 
-store under hexane in a closed Jar. It should be shiny for ootimum 

Mercury. 
Diazald (N-methyl-N-nitroso-0-toluenesulfonamide), Flldrich #De, 088-8. 
Diazmetnane. ethereal alcoholic  solution 
 lasswa ware is assembled according to  the instructions contained in Qldrict 
Technical Information  Bulletin #RL-131. 

-diazomethane is Benerated from the Diazald reagent. The  following 1 8  
extracted from Qldrich Technical Information Bulletin YFlL-113. 

..) 

I) 

ouickly with DI water until the wash is o f  neutral pH. 

effect i veness. 

IL 

*****++*+* 
CFIUTION: USE ONLY THE GLFISSWORE SUPPLIED WITH THE DIQZRLD KIT. THE USE OF 

II 

STRNDQRD  GROUND GLFISS JOINTS WILL CREFITE FIN EXTREME  EXPLOSION 
HOZFIRC. 

3iQZOMETHFlNE MUST BE GENERFITED ONLY IN ON EFFICIENT FUME HOOD O h m  
BEHIND Fl SQFETY SHIELD. *********+ 
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-a 258-mI a i s t i l l i n g  flamk i m  f i t t ed   w i th  a droppinQ funnml and an 
i f f  ic ienf  condenser set  for downwards d imt i l   la t ion.  The condenser im 
f i t t e a  to 2 receiving  f lasks in  series,  the mecond o f  which  containm 
36 rnl of d ie thy l  ether. The inlet tuba of the second r r c r i v e r  d i m  blow 
the murtace o f  the  ether and both  receivers  are  cooled i n  a water-ice 
bath. Heat i m  suoolied by a constant  toaperatwe  water  bath wt t o  
65 C. The heated por t ion of thm glassware i m  covrrad  with aluminum f o i l  
t o  orornote Castor d imt i l la t ion .  

-usinq the -0-ml d im t i l l i ng   f l ask  dismolve S 0 KOH in  8 nl DX water. 
-add 25 nl  95% ethanol. 
-add 21.4 g (0.1 mole) Diara ld   to  288 m l  d ie thy l  ether,  dimsolve and add 
to   the  droooing  funnel. 

-over s oerrod o f  23 minutes add thim to   tho   a lka l i   so lu t ion .  The ra te  of 
rdd i t  ion' Shouid eoual  the  rate of d i s t i l l a t i o n .  

-when the  aroooinp  funnel i m  rmpty mlobuly  add another 40 nl o f  d ie thy l  
other and con t inue   d im t i l l a t i on   un t i l   t he   d im t i l l a te  is colourless. 

-thm conolned ethereal  dimti l lates mhould cont&in &bout 3 g of  diazorthanm. 
-store  diazmethane over ethor-washed i n  a plasm bo t t l e  w i t h  te f lon 

-store tho oreoared di8Zomclth&na in  the f r m m z r r  conpartmmnt of an exD1osion 
too (MOT a ground glams too). 

proof  refr igerator, 

19. Pmntacnloroohenol. 
20. 2.3. S. 6-Totrachloroohenol. 
21. 2,2.4.5-7etrackloraoh~nol. 
22. 293.4.6-T0tracn10ro~heno1. 
23. 2,3,6-Tricnloroohenol. 
24. 2,4.6-Trich:oroohmnol. 

I 

a 

1 

I 
I 

1 

I 

1 

PROCEDURE - BENERCU. 

1. 8:8nur aro reauirmd for each n e w  batch o f  roagentm. 
2. Duol icr tes and soikrd umples must be run on a rout ine basis. 
3. Standards rnould k inJeCted frOQUent1y am 8 chock on the   mtab i l i t y  o f  

ooerat  inp  conditions,  detmctor and column. 

1. 

2. 
3. 

4. 
5. 
6. 
7. 
0. 

Place 380 m l  of the shaken sample in W-nl smoaratory  funnel. If the 
mamole i s  muroectod to  contain  hiph CP levels  then  consider  using a mnmller 
volurno and o i l u t i ne  it t o  398 rl a t  t h i s  point. 
k r e t u l l v   a c i d i f y   t h e  sample t o  pH 2 with W04. 
CIdd be mi of diethyl  ether t o  t h r  graduated cyl inder used t o  measure the 
aoueoum aliouot. rim and tranrfer  to  the  reparatory  funnel .  
Shake vioorously  for e m i n .  
Drain  the  rthmr  fract ion  into a 258" l   ro ta ry  evaporator flamk. 
Rewrt stoos 3. 4 and S t w i c e  more (Notes 1 and 2).  
C)dd 1 m i  iso-octanm to  the  ether  extract  am a keoomr. 
Procmod to   the "COMMON TO RLL EXTRQCTS" section. P C W m  may also be 
detm-ninad from thim  extract. 

6 

e 
I 

3-5 

PROCEDURE - SEDIMENTS FIND B I O T Q  USING SHFIKER EXTRFICTIUU 
1 -  

'4 



3-6 

8. Rdd 1 m l  i s o - o c t a n e  t o  t h e   h e x a n e  extract as a keeper .  
9. Dry t h e  extract o v e r  5 Q a n h y d r o u s   s o d i u m   s u l f a t e  t hen  t r a n s f e r  w i t h  

10. P r o c r e a  t o  t h e  "COMMON TO QLL EXTRQCTS" section. 
w a s h i n g   i n t o  a c l e a n  2S0-ml r o t a r y   e v a p o r a t o r  flask. 

PROCEDURE - COMMON  TO FILL EXTRFICTS 

1. 

2. 

3. 

4. 

5. 
6. 

7. 
8. 

9. 

10. 
11. 

12. 

NOTES 

Concentrate t o  a b o u t  5 n l  on a r o t a r y   e v a p o r a t o r .   C a u t i o n  - d o  not 
e v a m r a t e  to  d r y n e s s .  Water b a t h  temerature  must not exceed  35 C. 
Q I i a 7 l t i t a t i v e : y   t r a n s f e r  t h e  s a m p l e  t o  a F l o r i s i l   c o l u m n   a n d   c l e a n   u p  
u s i n g  t h e  f o l l o w i n g   o r o c e d u r e :  

C a l i b r a t e  each ba tch  of F l o r i s i l  w i t h  PCB and CP s t a n d a r d  t o  a s s u r e  
comole t e   r ecove ry .   The   p rocedure  below assumes t h a t  a l l  PCB's and  CP'S 
are e l u t e d  w i t h  158 m l  of   hexane.  
- t h e  column  used is 30 c m  x 25 mm I .D.  w i t h  a 250 m l  r e s e r v o i r ,   t e f l o n  

-add 78 mi of  h e x a n e   t h e n  30 g o f  2% F l o r i s i l   p r e - s l u r r i e d   w i t h   h e x a n e  t o  

-add 1 c m  o f  hea t  treated Na2S04 t o  t h e  too of t h e  column. 
- D r e - r i n r e   t n e   c o l u m n   w i t h  2 x 50 m l  p o r t i o n s  o f  hexane. 
 JUS^ before e x o o s u r e   o f  t h e  Na2S04 1 a y e r ,   a d d   t h e   s a m p l e   a n d   t h e n  e l  u t  e 

-collect the extract  i n  2J8 m l  r o t a r y  evaoorator f l a s k .  
-add 1 m l  of  i s o - o c t a n e  as a k e r o e r   t h e n  evaporate ( w a t e r  t e n o e r a t u r c  less 

t h a n  35 C )  t o  a b o u t  1 m l .  
- a u a n t i t a t i v e l y   t r a n s f e r   t h e  extract  t o  a 5 rnl v o l u m e t r i c  w i t h  hexane   and  

make uo t o  voiume OR, i f  PCB a n a l y s i s  is reauired, t o  a 10 n l   v o l u m e t r i c .  
T r a n s f e r  a 2 m l  al iouot o f  t h e  samole t o  a 7 m l  v i a l   w i t h   t i n  l ined  c a o  o r  
i f   h i g h  CP l e v e l s  are s u s p e c t e d   t h e n  u s e  an a p p r o m i a t e   d i l u t i o n .  
E v a o o r a r e  t o  very n e a r   d r y n e s s  by p l a c i n g   v i a l  a t  an a n g l e   i n  a fume- 
h o o d   a n d   i o m r i n g  the  door s u c h  t h a t  a g e n t l e  a i r  c u r r e n t   f l o w s  over t h e  
v i a l  mouth. 
Odd d.  25 m: of methanol and n ix .  
I N  a FUME HOOD QND UITH EXTREME  CRUTION add  2 m l  of d i a r o m e t h a n e ,  c a ~  and 
let s t a n d   f o r  30 min i n  the f u m e  hood. I f   t h e   y e l l o w   c o l o u r   d o e r   n o t  
p e r s i s r  t h e n  r e o e s t   t h e   m e t h y l a t i o n .  
Open t h e  CID a d  let t h e   s a m p l e   e v a p o r a t e  t o  n e a r   d r y n e s s  i n  the f u m e  hood .  
Qdd e x a c r l y  2.00 m l  h e x a n e  a n d   d i s s o l v e .  

C l e a n  U O  P r o c e d u r e  U s i n g  Q c t i v a t e d   C o p p e r ,  core. S u l f u r i c  k i d  and  Mercury. 
-add it mi o f  s a m o l e  and 200 mg a c t i v a t e d   c o p o e r  t o  a 7 m l  v i a l .  
-seal t h e   v i a i   a n d   u l t r a s o n i c a t e   t h e   s a m p l e   f o r  60 min. 
- c e n t r i f u g e  a t  2000 rom for 10 min. 
-decan t  t h e  s a m o l e   i n t o  a c l e a n  7 m 1  v i h l .  
-add 1 m i  of conc .  H2S04, v o r t e x  m i x  for 1 min t h e n   c e n t r i f u g e .  
- r e o e a t  t h e  a ~ o v e   t r e a t m e n t  u n t i l  t h e  a c i d   l a y e r  is c o l o u r l e s s   t h e n  

-add 2 droDs of  mercury  t o  t h e  ex t rac t  a n d   u l t r a s o n i c a t e   f o r  38 min. 
- c e n t r r t u q e   a n d   d e c a n t  t h e  s a m p l e   i n t o  a clean 7 m l  v i a l .  Repeat t h e  

The ramole is now r e a d y  for  6C a n a l y s i s .  
I n J e c t  a known amount o f  s a m p l e   o n   t h e   g a r   c h r o m a t o g r a p h .   I d e n t   i f i c a t  ion 
of t h e   i n d i v i d u a l   c h l o r i n a t e d   p h e n o l s   p r e s e n t  is b a s e d   o n  a comoar i sun  of 
t h e  re ten t ion  time w i t h  t h a t  of t h e  c o r r e s p o n d i n g   m e t h y l a t e d   c h l o r i n a t e d  
o h e n o l   s t a n d a r d s  (Notes 3 and 4) .  
Cornoarison of  r e t e n t i o n  times on t h e  c o n f i r m a t i o n   c o l u m n  is used  t o  
c o n f i r m   x o e n t   i f i c a t  ion. 

rtoocock ano  a g l a s s  wool p l u g  at  t h e  bottom. 

t h e  EO 1 umn. 

w i t h  2 x 75 mi hoxanr.  

t r a n s f e r   t n r   s a m o l e  t o  a clean v i a l .  

proceciure as n e c e s s a r y .  

- 

I 

I 

e 

m 
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NOTES 

1. 

e. 

3. 

4. 

5. 

If an emulsion forms, add a f e w  drops o f  8 saturated sodium s u l f a t e  
solut ion.   Gent le  api tat ion of the  contents may fu r thmr   he lo   t o  break t 
emulsion. If the   nnu ls ion   pers is ts   then  t rans fer   the  sample t o  glass 
cent r i fupr   tuber  and cent r i fupe  fo r  38 nin a t  e508 rpm. 
If the  comoined oxtract  aopearr t o   c o n t a i n  a s i g n i f i c a n t  amount o f  
rusornded water. it should b r  centr i fuged as above and t h e  aaueous lay6 
dircaroeo. 
If you ideni i fy  only  Pentachlorophenol and no Tetrachlorophenol be aw; 
t ha t  PCP r iph t   no t  be oresent.   pe8t ic ides  e lute i n  t h i s  area. 
F a t t y   a c i d   m t h y l   e s t e r s  may interfere  but   are  destroyed by the conc. 
H2S04 t ruatment.   Rddi t ionr l  H-4 t r e a t w n t s  uay be required f o r  cornD: 

While  the 2.3.4.6- and &3,5,6-Tetrachlorophenol i8omrs  co-e lu te  the i t  
remova A. 

resoonre  factors are  o u i t e   d i f f e r e n t .  It i s  extrenrely  important t o  
i d e n t i t y  which and to   mainta in   cons is tency in t h e  isomer used fo r   t he  
standard  calcuiat ionr.   In wood preservatives,  the common source o f  CP 
samoles ruomitt.d, 2,3,4,6-Tetrachloroohenol has been i d e n t   i f i e d  as thc 
irmr ormsmt .  thum resu l t  mhould b r  ouant i tated on the basis o f  t h i s  
i soner. 

CC\LWLFITIONE 

The ch lor inated ohen01 concentrat ion i s  determined  by d i r e c t  comparison of 
peak area  wi th a standard,  providinp t h e  sample and s tandard  are  wi th in   th  
l inear  range of t he  BC detector.  Results  are  reported to t h ree   s ign i f i can  
f igures. 

a =  
B -  
c -  
D -  
E -  
F =  

I 

* 

iCONC3 = CCQ3CC3CD3CE3CFI) / CB3 u n i t s  

8amole h a i t  C\?Wa/ul  1nJlCt.d 
Standarb Peak Qrea/ul  InJected 
Conc. o f  Standard i n  ug/ml 
vc~ume o f  hexane ext ract  made UD t o  
D i lu t ion   Fac tor  (if any) 

top Water Sanoleo = Cl8883/CVolume Sample extracted - in  m l l  
f o r  Sediment Sarnplrs - Cll/CDry W t .  Sample extracted - i n  p 3  
f o r   B i o t a  Sanoles = Cll/CReceived Ut.  Samole extracted - i n  

R e o o r t i n ~   U n i t s   f o r  Water Samples up11 - for Smdi rnmnt  Smolmr - up/p  - f o r   B i o t a  Samples = ug/g CUI 
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a Three  hundred and forty two water samples of storm water runoff from 

chlorophenatt wood pmtection facilities were uulyzed for chlorinated phenols 
using gas-chromatogmphy with  electron  capture  detection. The results of thc 
analysis showed the pruroncm of pentachlorophenol and 2,3,4,ktetrachlorophenol 
in  all the water ..lllples, with  pentachlorophenol r8nging from 1.30 to 273,000 

ug/L and tttrachlomphenol ranging from 0.21 to 5L0,OOO u g l L .  Datails of the 

results are listed  in T8ble 11 of this report. 

I 

I 
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can h.t m. 

2.0 INTRODUCTION 

Environmental  Protection Service (EPS)  of Environment Canada has undertaken a 

study of chlorinated phenols content in stormwater runoff from various 

chlorophenate wood protection facilities located  in the B.C. Lower Mainland. As 

a  part of this study, Can Test Ltd. was responsible for the quantitative 

analysis of the water samples for pentachlorophenol (PCP 1 
2,3,4,6-tttrachlorophenol (2,3,4,6-TTCP),  2,4,6-trichlorophenol,  (2,4,6-TCP) and 

2,3,6-trichlorophenol (2,3,6-TCP). 

This report describes the method, chromatographic conditions, quality control 

(QC) and results for three hundred and forty two water samples for chlorinated 
phenols. 

- 2 -  
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0 3.0 APPARATUS AND MTERIALS 

I 

3.1 Apparatus and Haterials 

3.1.1 Grab sample bottle - Amber  glass,  one-liter volume, fitted  with 

screw caps lined with foil. The bottles were consecutively rinsed 

with acetone and hexane and  baked  in an  oven at  100°C before use. 

3.1.2 Separatory funnel - 1000 mL, with Teflon stopcock. 

3.1.2.1 All glassware was rinsed as soon as possible  after  use with 

dichloromethane (DCH). This was followed by washing  with 

hot detergent solution (Decon  75 Concentrate) and rinsing 

until all the  soap disappears. Glassware was then rinsed 

with O.2N NaOH and then  rinsed  thoroughly with hot  water. 

Glassware was drained dry and  heated  in an oven at 15OoC for 
15 - 30 minutes.  Finally, dishes were taken out of the 

oven, cooled and  consecutively  rinsed with acetone, hexane 
and  DCH. 

3.1.3 Round  bottom flasks - 250 mL. 

3.1.4 Graduated cylinders -500 mL and 5 mL. 

3.1.5 Graduated test tubes - 10 mL or 25 mL. 

3.1.6 Flash evaporator with water  bath - temperature setting at 29 C . 0 

3.1.7 Heating block  and nitrogen gas connection to blow  samples. 

3.1.8 Gas Chromatograph (GC) (see instrumentation). 

I 

3.1.9 GC vials with caps and  septum. 

3.1.10 Column for derivatized phenols - 3% OV17 on Chromosorb W, High 

Performance 80/lOO mesh 

- 3 -  
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u n  tn t  m. 

3.1.11 Detectors - Electron Capture Detector (ECD) was used for determining 
the derivatized chlorinated phenols 

3.2 Reagents 

3.2.1 

3.2.2 

3.2.3 

3.2.4 

3.2.5 

3.2.6 

Deionized water- 

Sodium hydroxide 

in reagent water 

reagent water  for blanks and solutions. 

solution (0.2N) ( J.T. Baker) - Dissolve 32 g NaOH 
and dilute to 4 L. 

Acetone, hexane, methanol, dichloromethane, isooctane (2,2,4- 

Trimethylpentanel - glass distilled, pesticide grade (BDH 

Chemicals). 

1000 ppm stock solutions of PCP, 2,3,4,6-TTCP,  2,3,6-TCP, and 
2,1,6-TCP are prepared from authentic  standards  obtained from 
Agriculture Canada, Laboratory Service Division, Ottawa. Weigh out 

5 mg of each accurately? dissolve in benzene and dilute to 5 mL in 

a  5 mL volumetric flask. 

Derivatization reagent:  N-Methyl-N -nitro-N-nitrosoguanidine, 97% - 
Aldr i ch 

1 

Preparation C Generation of Diazomethane  (derivatization reagent) 

3.2.6.1 Wash generator apparatus first with distilled H 0 ,  then 2 
acetone and then ethyl ether.  Let it air  dry. 

3.2.6.2 This operation is carried out in a  fume hood. Weigh  into 

generator 200 mg of N-methyl-N -nitro-N- nitrosoguanidine. 
Add 20 mL of ether into the outer tube, 2.0 mL ether into 

the inner tube of the generator. Cap  the generator tight. 

With a  syringe, inject into the inner tube  2 mL of 50% KOH. 

Wrap the generator surface with aluminum foil and let it 

sit overnight. Strength of diazomethane' is directly 

related to its yellowish-green color intensity. 

1 

- 4 -  
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Diazomethane is freshly prepared every day  and  is stored at 

4OC, protected from light with aluminum foil. 

Caution: Diazomethane is carcinogenic and preparation could 

be explosive if contents in the generator contact ground 

glass joints. 

3.3 Calibration 

3.3.1 To calibrate the GC-ECD for the  analysis of chlorinated phenols, set 
gas chromatographic operating parameters equivalent to those 

indicated in Table 1. 

3.3.2 Prepare calibration standards at a minimum of five  concentration 

levels for each parameter of interest. One external standard should 

represent a concentration near but above the method detection limit 
and the other concentrations should correspond to  the expected range 

of concentrations found in real samples or should define the working 

range of the detector. 

3 . 3 . 3  Derivatize, then inject 2 UL of each calibration standard, and 

tabulate peak response against the amount (nanograms) injected. The 

results can be used to prepare a calibration curve. 

TABLE 1 

GC-ECD Parameters 

Oven: Temperature: 165OC isothergal 
Injection Temperature: 230 C 
Aux/Detector Temperature: 32OoC 
Detector: Electron Capture Detector (ECD) 
Carrier gas: 5% methane/95% Argon 
Flow rate: 30 mL/min. 
GC: Hewlett Packard 5840A Gas Chromotograph 
Autosampler: Hewlet Packard 7671A Automatic Sampler .; . 

Q 
I 
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3.4 Quality Control 

Each day a batch of samples (reagent blanks, spikes and samples) was 

analyzed in the following order: 

II 

1. Spike 11 (High Level) 

2. Method Blank 

3. Sample tl 
4. Sample  12 

5. Sample 13 

6. Sample 14  

7. Spike  12 (Low Level) 
8. Sample 15 
9. Sample  16 
10. Sample 17 

11. Sample 18 

12. Duplicate of any of the  above 
samples. 

3.4.1 Method Blank 

A 0.5 litre aliquot of reagent blank water was analyzed to monitor 

that all glassware and reagent interferencesuere under  control. 

3.4.2 Spikes 

Spike samples  were prepared by the Quality Assurance Officer. 

The high spike  levels were: 1 ppm PCP, 1 ppm  2,3,4,6-TTCP  and 0.1 

ppm levels of both 2,3,6-TCP and 2,4,6-TCP. The  low spike levels 

were: 2 ppb PCP and 2 ppb 2,3,4,6-TTCP. 

3.4.3 Duplicates 

Duplicates were analyzed on 109 of the samples. 

3.5 Extraction  Procedure 

All samples received in the laboratory were logged and kept refrigerated at 

4 C prior to extraction. 
0 

3.5.1 Shake samples  (after  samples achieved room temperature) for one 

minute and transfer 500 mL of sample  into a 1 litre separatory 
- 6 -  
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funnel. For concentrated Samples, 5 mL of sample is transferred 

into a  1 litre separatory funnel containing 495 mL of reagent 

water. 

3.5.2 Adjust all samples  to a pH of 1-2 with concentrated HCL (approx. 1 
mL). 

3.5.3 Add 50 mL  of dichloromethane to  the sample, stopper and shake 

funnel with periodic venting to release pressure. Shake all six 

samples and by the  time you reach the first one again, the solvent 
will have separated from the water phase. Collect the 

dichloromethane portion (bottom  layer) in a 250 mL round bottom 

flask . 

3.5.4 Add a second 50 mL volume of DCM to  the sample and repeat the 

extraction procedure a second time combining the  extracts in the 

round bottom flask. Perform a third extraction in the  same manner. 

3.5.5 Before evaporation, rinse around the neck of the round bottom flask 

with approximately 1 mL of isooctane. 

3.5.6 Set the flash evaporator water bath temperature to 29OC and reduce 
sample volume down to approximately 1 mL. 

3.5.7 Quantitatively transfer sample extract with 5 mL of Hexane into a 

graduated test tube. 

3.5.8 The  sample is now ready to be derivatized. Add 0.5 mL of 

isooctane.  Dry down contents to 0.5 mL again with a flow of 

nitrogen. Add to the contents 1.0 mL of diazomethane, mix and  let 

sit for one hour  at room temperature. After an hour, add 0.5 mL of 
isooctane to the derivatized contents and dry down contents  to 0.5 

mL with nitrogen. Make up sample to 5 mL final volume with 

isooctane, vortex, dilute and proceed with electron  capture  gas 

chromatographic analysis. 

- 7 -  
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4.1 

4.2 

RESULTS AND DISCUSSION 

Results of Analysis 

The  results of chlorinated  phenols  found in the  water samples  are  shown in 
Table 11. Details of sample identification  are  also included in the table. 

Using the  described  methodology, the detection limit of PCP,  2,3,4,6-TTCP 
and the  TCPs is 0.1  ug/L. A total of three hundred  sixty-six  samples  were 

received  at our laboratory;  however, only three hundred  and  forty two 

samples  were analyzed. As requested by EPS some of the  extra  samples  were 

composited to reduce  the  total  number  of  samples for analysis. In the 
table,  each  sample  was also recorded as to degree of  visual clarity.  The 

samples  were rated  from 1 to 4 as the clarity  of the sample  decreases  from 

clear  (rated as 1 1 , to either  cloudy (as  2) , or to contain  fine  sediment 
(as 3 )  or large  sediment (as 4 ) .  

Of the  342  samples, all were found to contain  some  levels of PCP and 

2,3,4,6-TTCP. The ranges of PCP and 2,3,4,6-TTCP found  were  from  less  than 

1 ug/L to more  than 100 mg/L. Levels of  2,4,6-TCP  and  2,3,6-TCP were  found 

to have a lower  range (9 ug/L to less  than 0.1  ug/Ll. Approximately  one 

half of the samples did not contain any detectable  amount of  2,4,6-TCP. 

Quality  Control 

As stated in our proposal (Appendix D, Section 8.1) a QC program  must 

consist of an  initial  demonstration of laboratory  capability. This was 

established by the  completion of the  qualification  samples  submitted to 

Mr. Paul  Kluckner  dated  September  9,  1986. 

An ongoing analysis of reagent  water  blanks  (Appendix D, Section 8.1.3) 

with each  processing  batch of samples was carried out throughout  the  whole 
period of this project. The results of the reagent  blanks did not indicate 

any significant chromatographic peaks that might cause  inteference in the 
chlorinated  phenol analysis (see Figure 1). Approximately 30 reagent 

blanks  were analyzed throughout the four  month  project. 

- 8 -  
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It was our intention at the  beginning of the  project  to analyze  10% matrix 
spikes as stated in  our  proposal (Appendix D, Section 8 . 3 ) .  However,  due 

to  the vast range in the concentration of the  chlorinated  phenols  found in 
the samples (i.e., ranging from  less than 0.1 ug PCP/L to greater than 100 

mg PCP/L),  and the time  constraints of the  project, our laboratory had to 
resort to the use of in-house  quality  control (QC) fortified samples at 

various concentrations  (Appendix D, Section 8.2) and duplicate analysis of 
some  actual  samples to monitor  the  accuracy and precision of OUK analysis. 

A summary of the QC fortified  sample  recoveries is listed in Table 3 ,  

showing  dates of analysis,  levels of spike (in water), and recoveries of 

different  chlorinated  phenols. A summary of the  duplicate analysis is 

listed  in Table 4. There  were 20  fortified  samples  and 32 duplicate 

analysis  included  in this project  for  quality  control. 

Since  the  ratio of the  electron  capture detector  response  to  the  amount of 
chlorinated  phenols  injected  (Calibration factor) is  constant  over the 

working  range  (from 0.02 - 0.20 ng "on column"),  the  calibration  factor of 
each  chlorinated  phenol  was  used for quantification  as  recommended in EPA 
Method  604.  Instrument performance  was  also  monitored in measuring  the 
daily response of the  detector to a fixed  amount  of  the  phenols. Thus, any 
sudden  change in sensitivity of the  system  would  be  easily  recognized. 

4.3 Confirmation 

Three  samples  were  selected for the  confirmatory  analysis of PCP and 

2,3,4,6-TTCP  using a Finnigan  4500  gas  chromatograph/mass  spectrometer 

(GC/MS). The samples  were CTL#145, 1288 and 1364. The &privatized 

extracts Of the Samples  were  injected into the GC/MS followed by the 

injection of the derivatized  analytical  standards of PCP and  TTCP.  Both 
PCP and TTCP  were  confirmed to be  present in the  three samples analysed. 

- 9 -  
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APPENDIX I11 SAMPLING AND CHEMICAL  AWALYSIS QUALITY CONTROL 

A laboratory  prequalification  study was run i n  order to  determine 
the contract  laboratory  capable of performing the analysis. After the 
1 aboratory was selected an internal qual i ty  control program was combined w i t h  
a series of b l i n d  s p l i t  samples   to  be analysed by both the c o n t r a c t  
laboratory and the Environment Canada  Water Quality  Laboratory. 

1.1 Laboratory Demonstration Test - Prequal i f i c r t i o n  StuQ 
An industrial  "real world'' storm  water sample was collected from a 

working drive i n  d i p  tank  operation which was subject  to  flooding by 
ra infa l l .  The tank was selected  to  provide  a  concentrated  solution from 
which stock  solutions would be formulated  for the contract   lab  qual i f icat ion 
study. 

The working solution i n  the drive i n  tank would contain the typical 
contaminant  matrix  of  chemical and yard debris which  would be found in rain 
water runoff from a  production mill site. The working stock  solution was 
formulated from the stock  solution a t  approximately 1 000 000 ppb PCP. PCP was 
the major ta rge t  chemical for  the purpose  of making up standards and TTCP was 
selected as the minor ta rge t  chemical t ha t  would have concentrations i n  the stock 
dilutions  proportional  to the PCP concentration. Two laboratory  stock  solutions 
of  simulated  rainfall were made up a t  concentrations of 1.0 ppb and 100 ppb PCP. 
From these two stock  solutions the following split sample solutions were 
made t o  represent the estimated range of concentrations  expected i n  storm  water 
runoff: 
Solution  dl: 18 mls of 100 ug/L into 6.0 L = 1 800 u 300 ug/L ( p p b )  

Solution #2: 150 mls of 100 ug/L into 6.0 L = 15 000 us 2 500 ug/L ( p p b )  
-74 

6 L  

Solution #3: 0.3 mls of 1.0 ug/L into 6.0 L = 0.3 u 0.05 ug/L ( p p b )  -bbp 
Solution #4: 6.0 mls of 1.0 ug/L into 6.0 L = 6.0 u 1.0 ug/l ( p p b )  d 

These samples were analysed by West Vancouver Laboratory  Services - 
Environmental Protection Water Quality  Laboratory and the results are  reported i n  
Table 1 (see a1 so Appendix I ,  Chlorophenol  Analysis Protocol ) . 

1 



TABLE 1 

SAMPLE 

3 
4 
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WEST VANCOUVER LABORATORY SERVICES - ENVIRONMENTAL  PROTECTION, 
WATER QUALITT LABORATORT ANALYTICAL  RESULTS FOR PCP and 2, 3, 4, 6 - TTCP  CONCENTRATIONS (PPB) I n  BLIND SAMPLES  SUBMITTED  TO 
COmERC I AL LABORATOR I ES 

PCP TARGET 

TRATION 
PPB 

CONCEN- 

300 
2 500 

0.05 
1 .oo 

, 1ST 
ANALYSIS ANALYSIS  ANALYSIS ~ ANALYSIS 

2ND 1 ST 2ND 

(86/08/13) 
TTC P TTCP PCP PCP 

(86/08/16)  (86/08/13) (86/09/16) 

387 
10 300 10. 200 3 830 4 070 

803 1 070 318 

0.058 
1.13 

0.118 " 

2.56 2.89  1.08 
" 

-~ ~~~~~ ~ ~~ ~~ ~ ~ ~- ~~~ 

One 1 i t e r  a1 i q u o t s   o f  each s tock   so lu t ion  was submi t ted   to   the   s ix  
cand ida te   p r i va te   l abo ra to r ies   f o r   ana lys i s   i n   t he   numer i ca l   o rde r   l i s ted .  
This  order was s p e c i f i e d   t o   t e s t   f o r   c r o s s  sample contamination i n   t h e  
analyt ical  procedure. 

Cantest  Ltd. was selected  as  the  contract   laboratory  based on 
analyt ical  performance and pr ice/sample  cr i ter ia.   Test  protocol   used  by 
Cantest  Ltd. i s  r e p o r t e d   i n  Appendix 11. 
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2 CANTEST  LTD. - I N  HOUSE QUALITY CONTROL - FORTIFIED SAMPLES 

Table 2 l i s t s   t h e   r e c o v e r i e s  of  inhouse samples f o r t i f i e d   w i t h  
known quant i t ies  of   chlorophenols.  The spiking  concentrat ions  range  from 
0.2-5 000 ppb. Recoveries of  chlorophenol s averaged 102.4 - t 15.8 ppb f o r  PCP 
and 96 t 19 % f o r  TTCP for  20 samples. Recoveries f o r  2,3,6-Trichlorophenol s 
averaged 101.2 - t 12.8 % f o r   f i v e  samples. 

2.2.1 Duplicate  Analysis. A t o t a l   o f  38 f i e 1  d s t o r w a t e r  samples 
(11% o f   t h e   t o t a l   q u a n t i t y )  were analyzed i n  dupl icate. t o  check f o r   p r e c i s i o n  
i n   t h e   a n a l y t i c a l  procedure. The t o t a l  mean d i f fe rence was 1.9% f o r  TTCP and 
1.6% f o r  PCP i n d i c a t i n g  good r e p e a t a b i l i t y   o f   a n a l y s i s   w i t h i n  a shor t   t ime 
frame. 

TABLE 2 CAWTEST  LTD.  IW-HOUSE QUALITY CONTROL FORTIFIED SAMPLE  RESULTS 

DATE 
OF 

ANALY S I S 

86/11/28 
86/12/18 
87/01/29 
87  /02/04 
87/02/05 
87/02/06 
87  /02/09 
87/02/11 
87/02/15 
87/02/15 
87/02/16 
87/02/18 
87/02/19 
87/02/20 
87/02/25 
87/02/25 
87/02/26 
87/02/27 
87/02/27 
87/02/28 

LEVEL 
OF 

SPIKING 
( PPb 1 

2 .o 
4 .O 
0.2 

5000 
5000 
1000 
1000 
1000 

1000 
1000 
1000 

2 .o 

2 .o 
2.0 

2.0 

2.0 
2 .o 
2.0 

1000 

1000 

T P E R C E N T  R E C O V E R I E S  

PCP 

72 
110 
75 
108 
97 
90 
116 
118 
120 
120 
98 
120 
120 
94 
122 
97 
88 
83 
104 
95 

x = 102.4 + 15.8 - 

TTC P 

130 
94 

135 
103 
85 
85 
77 
104 
100 
113 
125 
94 
100 
86 
108 
80 
75 
70 
86 
70 

7 = 96 t 19 

TCP (2,3,6-) 

110 
80 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
108 

NA 
98 
110 

NA 
NA 
NA 
NA 
NA 
NA 
NA 

x = 1012 t 12.8 - 
- 
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2.2 Stom Y a k r  Runoff - Split Sample Analysis  Resul ts. 
A t o t a l   o f  29 s p l i t  samples (8% o f   t h e   t o t a l   f i e 1  d samples 

co l lec ted)  were submitted  to  both  the  Environment Canada (EP) and the  Cantest 
Ltd.  Laboratories. The samples  were s p l i t  by  two methods, e i t h e r  two 
b o t t l e s  were f i l l e d  simultaneously a t   the   s to rm  d ra in   o r   severa l  samples  were 
composited  and  then  divided  into  equal volumes f o r  submission t o  each 
1 aboratory . 

During  the  early  stages  of  the sampl i n g  program an anomaly  between 
the 1 abs was discovered i n   t h a t   t h e  EP 1 ab ana lys is  .. o f  samples taken a t  a 
s i t e   i n   m i d  November were i n   t h e  20 000-40 000 ppb range  whi le  the  contract  
1 ab ana lys i s   f o r   t he  same samples  were i n   t h e  1 000 t o  2 600 ppb range. A1 1 
new sample ana lys is  was stopped u n t i l   t h e  cause( s )  f o r   t h e  anomal i e s  were 
determined. 

A t  the  Contract   Laboratory it was found  that  a t  concentrat ions 
above 1 500 ppb a1 1 the  conversion  reagent  (d iazomethane)  used  to  der ivat i te 
the  chlorophenols was consumed a t   concent ra t ions  above 1 500 ppb and excess 
chlorophenol  would  not be "seen"  by  the gas chromatograph  detector. A t o t a l  
o f  50 samples a t  1 000 ppb o r   g rea te r  were then  re-analyzed  by  the  contract 
l a b   f o r   t h e   c o r r e c t  value. The qual i ty   cont ro l   procedure was then  rev ised 
by  increasing  the number o f   b l i n d   s p l i t  samples  and b l i nd   sp i ke  samples. The 
number o f  technic ians  performing  the  analysis was a lso  reduced. A t o t a l   o f  
four  weeks was los t   be fo re   t he   regu la r  sample analysis  could  begin.  Due t o  
t h e   l a t e   s t a r t   i n   t h e   m o n i t o r i n g  program, f i e l d  sampling was cont inued  dur ing 
the   re tes t i ng   pe r iod  and a back log   o f   s i x  weeks ana lys is   occur red   a t   the  
contract   lab.  A1 1 samples submitted t o   t h e  EP 1 ab were analyzed as submitted 
so t h a t  an average o f  4 t o  6 weeks developed  between ana ly t i ca l   t imes   f o r   t he  
QC s p l i t s   f o r  each laboratory .  Sample ana lys is  was cont inued  a t   the  EP l a b  
i n  o rder   to   reduce  the   po ten t ia l   fo r  sample d e t e r i o r a t i o n  and prov ide a 
re fe rence  fo r   the   con t rac t   lab   resu l ts .  

The revised  qual  i t y  control  procedure  demonstrated  that  the  lack  of 
der ivat izat ion  chemical  was the cause of  the  discrepancies i n   t h e   i n i t i a l  
samples  and there  was good agreement  between labora tor ies   a f te r   th is   p rob lem 
was corrected. 
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APPENDIX I V  

ADD I T  I O N M  WATER QUAL I TY  PARAMETERS 
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APPENDIX I V  ADDITIONAL WATER QUALITY PARAMETERS 

The primary objective of the storm  water  study was t o  monitor the 
concentration of chlorophenol i n  runoff a t  wood protection mill sites. As 
the terms of reference were  developed i t  was recognized t h a t  other stormwater 
constituents should be monitored. A 1 imi ted number of samples  were collected 
and a variety of water quality tests were  performed t o  provide information 
regarding the potential impact  they may have on the receiving environment. 

1.1 Results and Discussion 
Water quality parameter data for a l l  monitored sites  is  presented 

i n  Appendix I-VII. 
stormwater effluent, 
collected a t  Mill 
(Figures 1 -5 #). 

To illustrate general trends and correlations i n  the 
as discussed below,  water qual i ty  data  from  samples 
X6 on December 2 2 ,  1986 are  presented  here 

1.1 Teapetature 
The temperature of the stormwater effluent a t  a l l  of the mills 

ranged from 3.9OC t o  1 4 . 5 O C  depending on the time of year sampling was 
performed and the i n d i v i d u a l  storm conditions. Little  variation i n  
temperature was evident during an i n d i v i d u a l  storm event. 

1.2 D i  ssol red Oxygen 
Storm water effluent was generally well aerated, w i t h  

concentrations ranging from 7.7 mg/l t o  13.8 mg/l a t  a l l  of the mills. A 
strong positive  correlation  exists between rainfal l  and D.O. concentration. 
In a l l  cases, as rainfall  intensity increased, the stormwater became  more 
highly aerated. The intensity of the storm therefore, determined the 
variation i n  dissolved oxygen concentration over the i n d i v i d u a l  storm event. 

I t  should a1 so be noted t h a t  the highest dissolved oxygen 
concentrations occur a t  the lowest  water temperatures, as would be expected 
given the physics of gas s o l u b i l i t y  i n  water. 
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FIGURE 1 MILL #6 - DECEMBER 22,1986 
PRECIPITATION,  FLOW,  CHLOROPHENOL  CONCENTRATION 

CHLOROPHENOL  LOADING , TEMPERATURE,  DI>SOLVED 
OXEGEN , AND pH. 
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I I  

I I  

1.3 pH 
The pH of the storm water effluent a t  a1 1 sites ranged  from 4.3 t o  

8.9. Most of the storm  water  monitored  however, was i n  the pH 6 t o  pH 7 
range. During i n d i v i d u a l  storm events, pH rarely  fluctuated more than one 
u n i t .  While the data  show  some anomal ies, pH appears t o  be  most directly 
dependent on rainfall, bo th  intensity and cumulative amount. In general , the 
pH a t  the beginning of a storm event was higher t h a n  a t  the end of the storm. 
The data  indicate t h a t  the buffering agents i n  the treatment solution which 
keep the chlorophenols i n  the chlorophenate form, buffer the stormwater for a 
length of time. As the storm progresses and the buffering capacity 
diminishes, the pH of the storm water  approaches that of rainfall (average pH 
4.77). Storm dynamics, the treatment formulation and the amount of treated 
lumber and/or  contaminated areas on the site  create a complex set of 
variables t h a t  will affect storm  water pH. Based on da ta  from  seven  storm 
events which average 7.5 hours long the decrease i n  pH w i t h  t o t a l  rainfall 
can be  approximated by the relationship pH = 0.06R + 0.39 where R i s  the 
t o t a l  accumulated rainfal l  i n  mn (Figure 26).  

1 a 4  Conductivity 
Conductivity values ranged from 0.017 mil 1 isiemens/cm (mS/cm) t o  

0.55 mS/cm a t  a l l  sites. Conductivity tended t o  be elevated a t  the start  of 
the storm as the i n i t i a l  over1 and flow contributed dissolved materi a1 s t o  the 
storm  water. After the "first  f l u s h " ,  an inverse correlation between 
conductivity and flow became evident, due t o  d i l u t i o n  and concentration 
effects created by the storm. Conductivity was sensitive t o  variations i n  
a l l  dissolved sol ids and therefore could not  be directly  correlated t o  
concentrations of specific storm  water  components. 
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1.5 Phenolics 
Phenol i c  concentrations i n  the  storm  water  eff luent were high, 

ranging  from 0.02 mg/l t o  22 mg/l Levels  fluctuated  over  the  storm  duration 
but  exhibi ted a t rend  for   h igh  in i t ia l   concentrat ions  corresponding  wi th  the 
" f i r s t   f l u s h " ,  and a decl ine as each storm  progressed. 

1.6 Total and Suspended Sol i d s  
Values o f   t o t a l  and suspended sol  ids  varied  considerably between 

m i l l s ,  depending on s i te   spec i f i c   charac ter is t i cs . .  Mill 66 sampled on 
December 22 , 1986 had the  highest  level s o f   t o t a l  sol i d s   a t  20,000 mg/l , 
corresponding t o   t h e   " f i r s t   f l u s h "   a t  a s i t e  where the paved yard was 
deter iorated and covered w i t h   d i r t  from  vehicles  operating a t  an adjacent 
const ruct ion  pro ject .   In i t ia l ly   h igh  concentrat ions  o f   so l ids were general ly 
followed by a decl ine as the  storm  progressed.  Occasional  elevations i n  
l eve l  s were correlated  to  increased  f lows. 

1.7 Total  Organic Carbon 
Concentrations o f   to ta l   o rgan ic  carbon  ranged  from 6 mg/l t o  

52 mg/l a t   t h e  two mil 1 s where samples were col  lected.  Total  organic  carbon 
l e v e l s  were e leva ted   a t   the   s ta r t  o f  the  storm and decl ined  rapidly as the 
storm  progressed. A t  the end of   the  s torm TOC leve l  s began t o   r i s e  
s l  i gh t l y  

1 a 8  Oil s and Grease 
Concentrations  of o i l  and grease i n  the mill storm  water  eff luent 

from a l l   s i t e s  ranged  from 2.0 mg/l t o  53 mg/l A general  trend  of  high 
i n i t i a l   l e v e l s   d e c l i n i n g  and plateauing as the storms  progessed, was 
establ  ished. 
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1.9 N i  trogcn (NO:, , NO3 and NH3) 
Concentrat ions  of   n i t rates and n i t r i t e s  ranged  from 0.035 mg/l t o  

1.9 mg/l a t  the  three  sites  monitored. Amnonia concentrations were monitored 
a t  only one s i t e ,  (Mil 1 Q5 January 29, 1987) where they ranged between 
0.01 mg/l and 0.16 mg/l. N i t r a t e h i t r i t e  and amnonia data  exhib i t  a tendency 
fo r   e leva ted   in i t ia l   va lues   cor respond ing   to   the   " f i r s t   f lush"   w i th  an 
overal l   decl ine by the storms end. 

1.10 Metal s 
Ranges in   t he   concen t ra t i on   o f   t o ta l   me ta l s   i n  mill storm  water 

e f f luen t   i s   p resented   in   Tab le  6. Concentrations of antimony, arsenic, 
beryl ium,  bismuth,  nickel,   si lver and t i n  were below  detectable  levels i n   a l l  
samples. Concentrations o f  barium,  boron, cadmium, calcium,  cobalt, copper, 
iron, magnesium,  molybdenum, potassium, sodium, strontium,  t itanium, vanadium 
and zinc were a l l   w i t h i n  acceptable ranges. Some elevated  concentrations of 
aluminum,  chromium, lead, manganese, phosphorus and s i l i c o n  were exhibited. 

Metal  concentrations were general ly  h ighest  at   the  beginning  of   the 
storm, corresponding t o  t h e   " f i r s t   f l u s h " .  As the  storm  progressed,  the 
higher  metal  concentrations  declined and showed decreased var iat ion.  A t rend 
toward  higher  concentration  of  the  metals in  the  storm  water was  a1 so seen 
when ra in fa l l   d im in ished  o r  stopped. 
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TABLE 6 RANGES I N  CONCENTRATION OF  TOTAL  METALS I N  STORM WATER EFFLUENT 
MILL 16, DECEMBER 22, 1986 

PARAMETER 

A1 umi num 
Ant i  mony 
Arsenic 
Bari um 
Beryl i um 
B i smu t h  
Boron 
Cadmi um 
Calcium 
Chromium 
Cobalt 
Copper 
I r o n  
Lead 

X OF 
SITES 

rfON I TORED 

4 
4 
4 
4 
4 
2 
4 
4 
4 
4 
4 
4 
4 
4 

RANGE I N  
VALUES 

(mg/l) 

0.6 - 380 
< DL 
< DL 

0.01 - 3.2 
< DL 
< DL 

< DL - 0.4 
< DL - 0.05 

5.5 - 650 
< DL - 0.6 
< DL - 2.3 
< DL - 1.65 
1.2 - 430 

< DL - 1.9 

PARAMETER 

Magnesi um 
Manganese 
Molybdenum 
Nickel 
Phosphorus 
Potassium 
S i  1 icon 
S i  1 ver 
Sodi um 
Strontium 
Tin 
T i  t a n i  um 
Vanadi um 
Zinc 

X OF 
SITES 

40N I TORED 

. 4  
4 
4 
4 
4 
2 
4 
2 
4 
4 
4 
4 
4 
4 

RANGE I N  
VALUES 

(mg/l) 

2.5 - 160 
0.45 - 10.0 
< DL - 0.7 

< DL 
1.0 - 40.0 
7.0 - 24.0 
1.5 - 460 

< DL 
18.0 - 75.0 
0.02 - 2.1 

< DL 
< DL - 20.0 
< DL - 1.0 
0.15 - 4.5 
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FIGURE 3 MILL  #6 - DECEMBER 22, 1986 

CONDUCTIVITY,  PHENOLICS,  TOTAL AND 

SUSPENDED SOL I D S  , TOTAL ORGAH I C  CARBON, 

O I L  AND GREASE, NITRATES AND N I T R I T E S ,  

AND ALUMINIUM. 
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a ' I G U R E  4 MILL #6 - DECEMBER 22, 1986 

"ARIUM,  BORON,  CALCIUM, CHROMIUM, COBALT, 

YOPPER,   AND  IRON.  
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FIGURE 6 MILL #6 - DECEMBER 22, 1986 
STRONTIUM,  TITANIUM,  VANADIUM,  AND  ZINC. 
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