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ABSTRACT

This study was conducted in 1986 to determine the leve! of chlorophenol contamination in the
tissue of starry flounder (Platichthys stellatus) and to evaluate the utility of the flounder as an indicator of '
the presence of these chemicals. Samples were collected from the North Arm of the Fraser River estuary,

near sawmills énd wood procéssing plants. The fish wefe processed (sorted by size and aged) before

éhipment to the Environment Canada National Water Research Institute Laboratory in Burlington, Ontario,

for analysis of a spectrum of 19 chldrophenolic compounds,

Chlorophenol concentrations measured in bpth composite and individual tissue samples of whole
fish, liver and musclé were comparable to prévious.levels repoﬁed for fish from the stu&y area.
Conﬁentrations of individ‘uelll chl'orophenols'were highly variable, and ranged from below detection to a high
value of 55 ng-g™* (wet weight) for 2,6-DCP. Apart fr;)m occésional,high Values; measured concentrations
of individual chloropheno! congeﬁers wére uniformly Iow, with median leve!s typically below 5 ng-g™' wet
weight |

Comparison of chlorophenol concentrations between different age groups demonstrated little
evidence for bloaccumulatlon Analysis of chlorophenol concentratxons agalnst size (and welght) showed
that, for most of the 19 congeners analyzed, the body burden was inversely related to size. Exceptlons
Were the dichlorophenols, especially 2,4-dichlorophenol and 2,6—‘di<‘:hlorophyenol, for which there was a
weak relétionship between age and contaminant levels.

- Life history information and available data concerning bioconcentration of Chlorophenols indicate
starry ﬂounder should be a good and reliable indicator species. It is recomme'nded that sampling and
analysis be restricted to younger age classes uﬁtil seasonal and age-related movements are better
underétood. Studies of migration patterns and movement of sta(ry ﬂoundér populations are re;:ommended
by these results and some work since this study Has been conducted (Nelsoln 1995). |

This report presents the contaminant data with minimal interpretation with intent of making thfs data
available for comparison with more recent studigs of cohtaminanté in fish in the Lower-‘Fraser River. Data»

and literature references are those available to 1988. More recent investigations are discussed in Nelson

(1995).
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INTRODUCTION

This project is one of a seriéé of studies examining ,chlérophenol contamina'gion of the aquaﬁc
ecosystem of the lower Fraser River and éstuary (e.g. Hall et al. 1984, Carey et al. 1986, Rogers and Hall
1987). Sawmilis and wood processing plants in the lower Fraser River used chlorophenolics, primarily
pentachlorophenol, through the 1980s as antifungal agents tb protect newly-cut lumber from sapstain
fungi. Leaching of preservative from treated wood, inadequ_ate Contéinment during spraying and accidental
spills all contributed directly to contamination of the aquatic envirénment by these chemicals. In addition to
the parent chiorophenolics, these anti-sapstain formulations carried a spectrum of related chlorophenol |
congeners (Jdn’es 1981) and other miscellaneous organochlorines. Pentachlorophenol preservatives, for

example, constitute an important environmental source of chlorinated dioxins and furans, either through

direct contamination or through incofnplete combustion in the burning of PCP-treated Woodwaste (Jones

-1981). -R_ecdgnition of the environmental hazard of these formulations, pentachlorophenol was

deregistered for routine use as as a wood preservative in 1990.
There has been considerable concern over the presence of chliorophenols in the aquatic

environment (Garrett 1980), with consequent potential for accumulation by resident o'rganisms. Searches

- for suitable biological indicators for chlorophenols in biota have targetted resident ﬂéh species for a

number of reasons. First, fish are common and large enough to easily provide sufficient tissue mass for
low-level organic contaminant analyses. Second, fish are often the highest trophid level in the aquatic
ecosystem, integrating and magnifying lower level effects. Third, contaminant levels in fish have direct
relevance to the health of humans and other terrestrial consumers.

Starry flounder (Platichthys stellatus) is a common, ubiduitous component of the fish community

of the Fraser River Estuary. This species reproduces, feeds and grows in the tidal waters of’the lower

* Fraser (Northcote et al. 1978), and as such, is‘exposed to local contaminants in every aspect of its life

Cycle. Little is known of their movements, but evidence suggests that the flounder are at least seasonally
resident in localized areas (Levy et al. 1979). In addition, starry flounder are an importarit food item for

piscivorous birds and mammals of the estuary. Man is included amohgst the potential consumers, since

1



a moderate commercial fishery and an increasing recreational fishery for starry flounder.

The objectives of the present study were :
1) determine the levels of chlorophenols in the tissue of a re'presentative aquatic organism (starry flounder).
2) explore the relationship between chlorophenol concentrations and fish size, fish age and tissue type.

3) assess the utility of starry flounder as an indicator of chlorophenol contaminatioh of the ecosyétem.

Methods
'This stuldy was conducted during 'November 1986 in the N.ortthrm of thé Fraser River near
| 'Mitchell Iéland (Figure 1). There ére numerous sawmills and wdod processing hills in this re‘ach o% the
river, many of which have been identified as‘/sourcesf of Chlorophehol—polluted runoff (Jacob 1986). Fish
collections were made in the channe_l north of Mitchell !slénd at two sites: doWnstream of the railway bridge
: ‘alongside fhe Westcoést Cellufibre Industries yard; and upstréarﬁ of thé railway bridge alongside the-
Doman Silvertree mill to tﬁe downstream end of the WeldWood of Canada mili (Figure 2). S;me additional
samples were collected at the wester.n end of Mitchell Island, downstream ofMit’cheII Island Forest
Isroducts. ‘

Flounder were sampled by beach seine, gill net and_ tfawl. In general, larger (older) ﬁsh were”
collected by trawling in deéper water, while smaller fish were found in shallow areas. Fishing efforts were
‘hampered by bottom debris and considerable time was spent searching for relatively clean tréwl transects.
.Even atthe s.uitable trénsects (Figufe 2), trawl deployment and recovery required a powerfuli boat and .

winch.

Standard length of each flounder was measured (+0.5 mm)' and grouped in 5 cm size classes until

at least 10 individuals in‘each size class were collected. Fish selected for chlorophenol analyses were then

weighed (+0.1 g) and sampled for otolithé. Each fish was then individually wrappgd in acetone/hexane-
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rinsed foil and kept frozen at -20°C until anelysis., Age was determined using otolith ring counts

(Campana and‘Neilsen 1982).

Samples were sorted by age, individualiy packaged and shibped to the National Water Research \
Institute (N.W.R.I.) laboratory in Burlington, Ontario for chlorophenolvanalysis. ‘ Whel:e possible, analyses
were conducted on whole individual fish. Younger fish (age 0+ to age 2+) were often not arge enough to
provide the necessary tissue for lab analyses and tissuesfrom comparable sizes within these age groups
were pooled. Numbers of fish collected and the final lab sample sizes are listed in Table 1.

Analytiea| protocols for chIordphenoI and lipid determinations were as described by Carey et al.
(1986, 1988). Samples were ground with sbdiufn sulphate and extracted with dichloromethane using

soxhlet for a minimum of 20 eyclee. The extract was cleaned up by gel permeation chromatography eluted

with a 55:45 mixture of hexane and dichloromethane. Chlorophenol compounds were derivatized to their

acetate esters and analyzed by dual-column gas chrorhatography. In all, 17 identified and 2 unidentified
| chlorophenoi compou'nds were quantified in each analysis. The analytical parameters of the chlorophenol

compounds examined are presented in Table 2. Summaries and results presented for chlorophenols are

based on concentrations per gram of wet tissue.
Statistical summaries and graphics were produced using SYSTAT version 5.0 (V\ﬁlkihson 1989).

For the purpose of calculating summary statistics, measurements below detection limit were replaced with

a zero concentration.




Table 1. Numbers of fish collected and number of chlorophenol analyses performed.

Age , Whole-Body . Muscle/Liver
{years) # Caught #Analyses # Caught # Analyses
0+ - 19 - ' v 5 0- 0
1+ 8 : 8 2 .
2+ 10 ' 10 7 4
3+ 11 , 11 5 3
44 4 ) 4 1 1
5+ ’ 4 4 0 0
Total 56 40 21 10

Table 2. Analytical parameters of chlorophenolic compounds determined in the Fraser.River starry flounder study.

Chlorophenol . RT RRT RRF
‘ -(0.01 min) (rel to PCP) (rel to PCP)
2,6-DCP T 906 0.313 0.191
2,4-DCP 991 '0.342 0.194
3,5-DCP | : 1055 0.365 0.225
2,3-DCP ‘ - 1093 0.378 0.209
3,4-DCP 1202 0.415 0.155
2,46-TCP 1354 0.468 0.577
2,36-TCP 1513 0.523 0.493
2,35-TCP 1574 .0.544 0.541
. 2,4,5-TCP . 1596 . 0551 - 0.484
2,34-TCP 1757 - 0.607 0.622
. 3,4,5-TCP 1842 0.636 0.550
2,3,5,6-TeCP 2109 0.729 0.651
2,3,4,6-TeCP 2125 0.734 0.890
2,3,4,5-TeCP 2381 0.823 0.934
3,4,5-TCG . 2476 0.856 - 0.934
unidentified 1 2614 0.903 0.934
unidentified 2 2810 . 0.971 0.934
pentachiorophenol 2894 1.000 1.000
tetrachloroguiacol 3009 1.040 1.000

RT=retention time
RRT= relative retention time
RRF = instrument response factor relative to pentachlorophenol
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Results and Discussion

In the course of this study, 77 individual fish were collected from which 60 samples were

‘ submitted for chlorophenol analysis (Table 1). Of the fish captured, 40 analyses were conducted on

. whole-fish (as composite or individual submissions), and 10 separate analyses were conducted on liver .

and remaining body 'tissue‘s’(ﬁere referred to as muscle). Raw data are tabulated in Appendix 1.
Chlorophenol congeners Were detectéd in all tissue samples. Analytical results are summarized

by major chlorophenol class in Table 3. ‘The highest Cohtaminant levels were found ih liver tissue
éamples, with total chlorophenols (vsum of all congeners) as high as 527.65 ng-g™"' wet weight. Sumﬁaries
for each of the 19 individual congeners in whole body, liver and muscle samples are presented in Tables
4,5 and 6. | |

| Eight of the 19 chléropl:\enol congeners were detected in' mbre than 80% of the whole-body
analyses (Figure 3). The compouhds most frequently detected were: 2,4-DQP, 2,4,6-TCP, 2;3,4,6-TeCP,
PCP, 3,4,5-TCG, ~TeCG and both of the two unidentiﬁéd chlorophenols. The pattern of chiorophenol- '

detections in "rﬁuscle” analyses mirrored results of the whole-body composite samples, with the exception

of an increased frequency of occurrence of 2,3,4-TCP in muscle. The chlorophenolyspectrum.measured in

liver tissues was predominated by the four chlorophenol congeners, 2,4,6-TCP, 2,3,4,6-TeC, PCP and

~ TeCG. The more highly-substituted chlorophelnol congeners were also 'detected in the liver analyses, but

with a reduced frequenpy compared to either the muscle or composite samples. '

Concentrations of individual chlorophenols from all analyses range from below detection to a high-
value of 55 ng-g™ for 2,6-DCP‘(Figure‘ 4). Apart from occasional high values, measured chlorophenél
concentrations were qniformly low, with median leveis typically below 5 ng-g™* wet weight. The highest :
individual concentration recorded was that of 2,6-DCP, the highest mgdian concentration was that of PCP,

at 13.15 ng-g™" . Congeners with high median concentrations, in addition to PCP, were 2,4-DCP and

. 2,3,4,5-TeCP (Fig 4, Table 9) with median concentrations of 6.90 and 5.65 ng-g” respectively.
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Chlérophenols are, to varying degrees, soluble in body fats. The solubillity is related directly to the .
- level of chlorine substitution in the molecule, with DCPs b_eihg least soluble (in general) and PCP the most
;oluble in lipids. This pattern is evident in the pldts in Figure 5. Correlation between total dichlorophenols
and lipid is not signiﬁéant (a=0.05), but the remaining more highly substituted congeners ére strongly
associated wnh tissue lip‘d content. Bec.:ause of théir similar association with tissue lipid concentrations,

concentrations of TCP, TeCP and PCP are all highly correlated (Figure 5).

Age/Size Relationships

If chlorophenols were being sequestered in the body tissues of étarry ﬂoﬁnder, then increases in
conéentratioh with either age or size would be expected. 'Plots of chlo.rophe.nol concentration agéinst age
cléss show few suc.h trénds (Figures 6-9). Tissue‘conce‘ntrations of 2,4-DCP and 2,_6-DCP show some
increase with age, but the trend is weak and the pattern i_s not evident in any of the other chlorophenoils :
studied. Declining chlorophenol burden with age was more commonly observed, as seen in plots 0f2,3,4,6-
TeCP, PCP and TCG (FigUres 8.9). Clearance rates of chlorophenols are known to be high (Carey et al.

.1986), and it Would appear that the pfesent data would support this conclusion.v Declining-concéntrations of
éhl_orophenols with age/size might reflect the decreasing s;Jrface to volume ratio with consequent changeé
in available area for passive absorpﬁon of the contaminants. The pattern may also reflect the effects of
agé-related habitat selection énd exposure hazard. Younger fish, resid,ént in shallow wafer may be more
directly exposed to runoff from wood treatment facilities and thus accumulate relatively higher levels of
chlorophenol. Resul‘ts presented here probably represent 'a point observationiof a dynamic system of

exchange between the tissue pool and the ambient environment.
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Flgure 3. Frequency of occurrence of each of the 19 chlorophenol congeners in the three tissue

types from starry flounder from the Fraser Rlver Estuary. -

-10-

N




IFNI

. 'SU0I3BJIUBOU0D
18M0| pue Jaddn ‘ueipaw 91eDIpUl SauI ‘(sanssi) ajesedss pue Apog-sjoym) sesAjeue jle apnjoul Bleq 'J9AlY Joseld JSMmo] ayl
woi} iapunoj} AJeis ul pazAjeue si19uabuod |ousydolojyd JO SUOHENUIIUOD pue B2UBLINDD0 Yl Buimoys Jojd Arewwng *f, 8inBiy

J8uabuoy jousydoioly9
K ) A A} 'A”As' _A“An rﬁw\ﬁ. 3 \J 4 * s . [ ,
\oJ \nvd \@J \nw.nw \.d@\ ¢@As\.d \.@A‘\ an\A_.\ —A \. \—A» 4\,@ \1- \,As
‘ AONIGRYov® 0P 30 (VY Lar ¥ S o v o8 T e e st
ﬁ 7 _, 1 _. LS S S S SRER \ O
\ | 1 o1 =
v
»n
@
\ , 1022
O
s
: \ 1 08 ~
=
1 OF <
LY
Ac =
4 06 =&
- 09

'




% Lipid
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r=0.07
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Figure 5. Casement plot showing relatlonshlp of major chlorophenol congeners to one another and to the
tissue lipid content. Shown in each plot are the least-squares line-of-best-fit and the correlation coefficient.
Significant relationships (a=0.05) are indicated with an asterisk. Axes are arithmetic and n in all cases is 58.
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Comparison with Previous Studies

The chlorophenol concentrations observed in the flounder collected for this study were
' comparable to p'revious work on flounder in the same area of the Fraser system (Carey et al. 1986,

Rogers and Hall 1987). A comparative summary of past and present studies of chlorophenols in starry

Table 7. Comparison of chlorophenol concentrations in starry flounder from this and other studieé in the
Lower Fraser River. ) : ,

TISSUE TeCP (ng/g wet) - PCP (ng/g wet) Reference
Residue 4.7 (ND - 47.8) | 6.1 (0.8-15.8) Rogers and Hall (1987)
Residue 6.3 (2.2-38.5) - - 17.9 (7.3-25.7) This study (1988)
Whole Fish 1315 ‘ 18 -22 Carey et al. 1986
Whole Fish . 6.3 (1.8-20.7) 13.2 (44-29.2) This study (1988)
Liver : 26 (ND-118.9) 114 (14.7 - 496.6) Rogers and Hall (1987)
Liver  26.4 (10.6-108.1) 68.9 (37.8-223.9) | This study (1988)

3

ﬂbunder is presented in Table 7. The similarity in resuits is encouraging in that it demonstrates that with
equivalent collection and analytical methods, comparable results might be obtained. While this may seem
a trivial observation, this is not always the case with biological collections and should serve to strengthen

the use of flounder in following trends in contaminant levels in biota.

Starry Flounder as Contaminant Sentinel
¢
The question of whether the starry flounder is a reliable indicator of chlorophenol contamination
_‘can be addressed by examining the criteria for a biological monitor discussed by Jacob (1986). Starry
. flounder are resident throughout the area of interest. They appear to be relatively sedentary (at least
seasonally), are sufficiently Iong-livéd to allow sampling of more than one year class, tolerate brackish

water and are hardy enough to survive laboratory conditions. Atage 3+, flounder are often large enough

-20-




to prdvide adequate tissue samples for analysis of individual fish, and the younger age classes are

- sufficiently abundant to allow pooling of representative size classes.

Starry flounder appear tq be able tg concentrate chiorophenols to quite high levels Without being
killed. Rogérs and Hall (1987), did suggest that the levels of PCBs, DDT and éhlorophenbls'obsewed in
Fraser estuary ﬂatﬁsﬁes’are sufficient to cause reproductive losses and possibly increased mortality of O-
and 1-yr age groups. Carey et al. (1986) found good correlation betwe‘en 2,3,4,6-TeCP (r=0.91) and PCP
(r=0.81) concentrations in starry ‘ﬂound'er tissue and the water column, suggesting tﬁat the chlorophenol
c;\ontent of the flounder is indeed reﬂecﬁve of ambient conditions. Combfne_d with the ability of starry
flounder to bioconcentrate chlorophenols (100x for 2,3,4,6-TeCP, 380x for‘PCP; Carey et a{. 1986), fhe
above atfcributes suggest starry flounder would be a valuable indicator 6f chlorophenol contamination of
the ecosystem. |
S T_he only evident problem with using starry flounder as an _indiqator species is the wide range. of
chloropﬁenol concentrations observed in the population. This vayiability, as well as the higher
concentrations observed in younger fish, may be the product of two processés. Direct absofption of
chlo'rophenols from water combined with high clearance rates (Carey et al. 1'986) could resuit in a highly
variable contaminant bodyfburdens. The range in concentrationé may alsd ‘be the résult of. exposUre /
histories and different age-specific migration patterns. The high concentraﬁons in smaller flounder may, in
addition to surface/volume relafionships, reflect a higher exposure to wood-yard runoff in near-shore ‘
areas. Until the seasonal and life history and migration patterns of starry flounder are better understood, it
may be best to standardize and éoncentrafe indicator éarﬁpiing on the more abundant and more clearly
resident younger fish (up to age 3). [Studies on starry fiounder migration patterns in the Lower Fraser

River were presehted by Nelson (1995)]

Conclusions
1) There was little evidence of increasing bioaccumulation of chlorophenols with age or size in starry
flounder. The possible exceptions were 2,4-DCP and 2,6-DCP. In most cases, the higher

concentrations of chlorophenol were found in smaller individuals..
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2) Studies of migration patterns and movements of starry flounder populations should be undertaken.

[Studies on this aspect were undertaken by Nelson (1995)]
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Appendix 1. Raw data from Chlorophenol Analyses of Starry Flounder
from the Fraser River Estuary.



Appendix 1. Tgble 1a. Chlorophenol analysis raw data: biological characteristics and dichloro;;honols.

Whole Body Analyses

l Sample Fish Age Wt %lipid 2,6-DCP 2,4-DCP . 3,6-DCP 2,3-DCP - 3,4DCP
’ -Number Number (s) (years) {gr.) ng/g. wet wt nglg. wet wt ng/g. wet wt ng/g. wet wt ng/g. wet wt
1 49,100,46 0+ 2.96 1.1 - 9.90 - . - 1 -
2 64,101,42 0+ 7.80 2.0 - 8.24 - - -
102,103,106,106,10 ’ ' . <
3 7,121 0+ 3.32 1.6 12.28 3.30 1.78 - -
4 50,108,111 0+ 4.31 1.3 3.26 - 1.12 - -
: 3 66,104,118,120 O+ 5.86 1.6 3.87 1.46 0.88 - -
' 8 51,63,36 1+ 8.48 1.3 0.64 4.41 - - -
7 109 1+ 10.41 0.8 3.69 5.83 3.26 - -
8 47 1+ 14.70 0.3 - - - - -
9 52 i 1+ 23.44 0.6 13.08 1.80 - - . -
10 28 i 1+ 30.66 1.3 0.41 0.76 0.82 - 0.61
' 11 46 1+ 49.20 0.8 - 3.13 3.06 - -
14 44 2+ 13.10 0.8 - 7.41 - - -
. . 16 31 2+ | 30.18 0.6 0.68 2.83 0.26 : - . -
17 41 2+ 43.24 0.8 - 8.00 - - : -
. 18 28 2+ 66.00 2.1 2.30 ) 8.04 0.87 - -
19 24 2+ 27.68 1.3 2.42 - - - -
. 20 70 2+ 88.16 1.2 0.80 8.24 - : -
21 71 2+ 96.78 3.0 3.37 13.11 0.36 - -
22 40 2+ |111.30] 2.1 - 12.84 - - -
23 22 2+ |144.36]. 2.2 10.69 16.61 - - -
28 : 60 3+ 58.96 2.0 - 8.34 - - - -
l 29 68 3+ 76.16 1.3 - 11.67 - - .-
30 23 3+ 98.66 1.6 - 14.67 - - - -
31 89 3+ 1148.60| 0.8 - 8.48 - - -
32 87 3+ l164.80| 3.7 10.68 16.08 - - -
33 97 3+ |173.42] 3.2 2.81 8.64 0.41 - - -
34 96 3+ 117386} 3.2 2.33 5.28 ° . - - . -
36 79 3+ 1214681 3.0 - 13.28 - . -
36 91 3+ |241.02] 0.9 29.87 4.49 - - -
38 : 37 3+ |101.48] 3.0 2.13 . 16.14 - i - i -
40 39 3+ 1131.84 1.6 7.87 12.20 - 10.60 -
44 92 4+ |387.48] 1.6 16.09 18.66 : - - -
46 82 4+ |218.11 1.6 - . - - i -
. 46 66 4+ 223.02 2.6 64.66 9.61 - - - -
47 94 4+ 228.70 2.6 18.03 18.78 - C - -
49 68 6+ | 206.91 0.8 1.08 6.37 - - -
50 98 6+ 228.76 2.3 18.13 12.66 . - - -
' 51 80 - B+ [304.74] 06 - 6.38 : - . - -
62 29 6+ 643.02 3.7 26.01 17.16 - - -
79 33 N 2+ 14.40 1.0 i 8#‘5 0.83 0.76 C - -
l Liver Tissue Analyses B
Sample Fish Age Wt %Lipid 2,6-DCP 2,4-DCP 3,5-DCP 2,3-DCP 3,4-DCP
Number Number (s) {years) (gr.) nglg. wet wt ng/g. wet wt ng/g. wet wt . nglg. wet wt ng/g. wet wt
4 12 110,112,113,117,11 1+ 17.98 | 14.8 27.10 - - - -
13 114,116,116 1+ 23.48 n/s 36,19 - . : e - -
| 24 36,74,29 2+ 31.00 3.2 13,19 11.36 - - L -
26 76,38 2+ 49.62 8.2 29.30 9.62 - - o - -
26 30 2+ 64.02 n/s - - - - . -
. 27 86 2+ .86.14 8.9 - - - . -
37 67 3+ 83.62 8.6 - - - R - ) -
39 43 3+ [112.28] 6.3 70.88 - 6.83 - -
41 96 3+ 168.06 5.6 - - - - -
48 93 4+ 167.46 9.4 - - - N ~
. Muscle Tissue Analyses
Sample Fish Age Wt . %Lipid 2,6-DCP 2,4-DCP 3,6-DCP 2,3-DCP 3,4-DCP
Number Number {s) {years) (gr.) ng_lg. wet wt ng/g. wet wt ng/g. wet wt ngl/g. wet wt ‘ng/g. wet wt
12 110,112,113,117,11 1+ 17.98 1.3 6.16 1.06 - ) - -
13 114,116,116 1+ 23.48 1.2 8.10 4.38 - - ] N
24 36,74,29 2+ 31.00 0.9 - - - - -
26 76,38 2+ 48.62 2.4 63.70 21.36 : 2.19 - -
26 30 - 2+ 64.02 0.8 - 1.26 - - -
27 . 86 2+ 86.14 3.6 12.63 2.69 - 1.00 -
37 67 3+ 83.62 3.4 1.72 1.18 - - - -
' 39 43 3+ |112.28] 2.4 23.67 - 1.16 1.09 -
41 96 3+ 168.06 0.9 2,46 264 - - -
l 48 93 4+ |167.46] 3.7 3.02 1.39 - - - -




Appendix 1. Table 1b. Chiorophenol analysis raw data: trichlorophenols

Whole Body Analyses

© Sample
Number

2,4,6-TCP
ng_/g. wet wt

2,3,8-TCP
ng/}. wet wt

2.3,5-TCP
nﬂg. wet wt

2.,4,5-TCP
nglg. wet wt

. 2,3,4-TCP

ng/g. wet wt

3.4,5-TCP
ng/g. wet wt

1

3.35

0.71

-2

2.95

0.64

0.38 °

0.33

4.83

0.85

0.49

1.38

3.91

0.89

0.69

0.88

3.77

0.70

0.84

1.11

3.59

0.58

0.38

0.57

2.44

0.46

1.86

0.66

0.48

2.84

0.59

0.71

2.11

0.47

0.36

1

3.40

0.83

0.49

14

2.97

0.71

16

4.50

0.65

0.65

17

3.54

18

4.16

0.70

19

20

21

2.34

22

2.86

23

2.55

28

3.76

29

6.46

30

2.44

31

1.47

32

2.74

33

5.05

34

0.96

© 35

3.64

36

8.90

38

4.43

40

2.99

44

4.19

_45

3.32

46

2.35

47

49

1.93

50

2.86

51

6.82

52

79

3.68

) Liver Tissue Analyses

Sample
Number

2,4,6-TCP
ng_lg_;. wet wt

2,3,6-TCP
ng/g. wet wt

2,3,5-TCP .

2,4,5-TCP
ng_/g. wet wt

2,3,4-TCP
ng/g. wet wt

3.4,5-TCP
ng/g. wet wt

12

22.15

nu. wet wt

13

10.49

24.00

24

15.92

25

12.33

26

12.44

27

18.18

37

17.14.

39

5.69

41

8.81

48

5.15

Muscle Tissue Analyses

Sample
Number

2,4,8-TCP
ng_/_t__;. wet wt

2,3,6-TCP

2,3,5-TCP
ng/j. wet wt

2,4,5-TCP

.ng/g. wet wt

2,3,4-TCP
ng/g. wet wt

3,4,5-TCP
ng/g. wet wt

12

3.26

ngig. wet wt .

0.95 :

1.16

13

3.38

1.37

2.07

1.01

24

3.02

0.58

0.84

25

1.93

1.45 -

0.65

T.23

26

2.25

0.64

27

2.74

~o.71

0.42

1.46

37

6.39

0.91

1.10

0.62

39

1.72

0.82

0.49

41

4.32

1.7

1.17

0.41

48

3.96

1.45

0.74 -




Appendix 1. Table 1¢c. Chlorophenol analysns raw data: tetra and pentachlorophenols guaicols, totals.

Whole Body Analyses
Sample  2,3,5,6-TeCP  2,3,4,6-TeCP  2,3,4,5-TeCP 3,4,5-TCG unid 1 unid -2 PCP TeCG Sum | SUM |} SUM | Total
Number ng/g. wetwt ng/g. wet wt ng/g. wet wt  ng/g. wet wt ng/g. wet wt ng/g. wet wt ng/g. wet wt ng/g. wet wt]] DCPs | TCPs | TeCP. Cps
1 0.51 " 1223 - —4.02 T.47 1.24 22.12 5.19 S50 | 406 | 1274 | 6274
2 0.68 7.93 0.36 5.05 1.46 1.03 16.17 4.51 6.24 4.30 8.97 51.73
3 0.65 10.36 0.47 8.26 2.34 4.25 23.36 7.61 2520 | 3.13 11.48 88.63
4 - 0.69 7.81 0.61 6.08 2.66 1.60 29.17 7.20 4.37 6.37 9.11 74.56
5 0.26 8.49 0.33 7.90 2.62 2.52 24.69 8.20 6.20 6.65 9.08 77.86
6 0.34 8.46 0.57 4.65 1.34 1.0 10.66 4.40 5.05 5.39 9.37 53.82
7 - 4.03 - 4.74 1.06 1.64 9.34 3.60 1278 | 2.90 4.03 54.09
8 - 6.18 0.26 5.56 1.82 3.44 19.85 6.29 0.00 3.00 6.44 62.40
9 0.41 7.22 0.17 518 154 4.43 18.90 5.19 14.96 | 477 7.80 80.77
10 0.51 6.09 0.69 3.81 0.90 0.50 9.04 3.47 2.49 3.52 7.29 51,02
11 0.92 9.39 0.24 6.27 1.28 1,18 21.04 6.56 6.19 4.72 10.55 79.79
14 - 8.27 - 5.38 2.47 1.09 17.26 6.17 7.41 3.68 8.27 79.73
16 0.36 4.74 0.36 5.79 1,69 2.82 9.37 4.60 3.76 6.36 5,46 71.85
17 1.43 6.86 - 6.07 2.28 5.42 21.50 . 7.46 8.00 3.54 8.29 96.56
18 1.23 13.22 1.21 4.40 1.31 6.13 11.44 5.45 11.21 6.45 15.66 98.05
19 1.07 17.86 - 5.94 4.40 0.70 27.13 6.97 2.42 3.66 1893 | 108.15
20 - 2.61 0.26° 7.91 2.79 1.31 6.77 5.48 7.14 5.01 2.87 79.28
21 - 2.74 0.12 3.89 2.43 1.84 8.75 3.94 1684 | 307 2.86 85.62
22 - 2.19, - 3.27 2.28 0.97 10.84 3.49 12.84 | 3.49 2.19 83.37
23 7.82 2.65 - 4.76 0.89 0.73 9,19 3.57 2710 | 4.30 10.47 [ 107.01
28" - 1.95 - 3.92 1.30 0.93 10.59 3.09 6.34 4.61 1.95 88.73
29 - 4.05 - 6.24 2.09 1,32 16.60 6.13 11.57 8.26 4.05 114.26
30 - 1.83 - 4.58 2.34 1.35 4.35 3.78 1457 | 2.89 1.83 95.69
31 - 3.46 - 2.44 0.87 0.93 6.10 1.66 8.48 1.94 3.46 87.88
32 - 7.77 - 4.10 1,94 1.30 20.38 3.31 26.64 3.74 7.77 133.18
33 - 525 0.36 5.84 2.07 - 0.83 18.28 4.06 1186 | 7.72 5.61 122.27
34 N 4.73 - 2.00 1.44 1.29 19.21 6.92 7.61 0.96 4.73 112.16
35 - 3.56 - 6.52 1.81 1.70 10.26 3.42 1329 | 5.01 3.56 115,57
36 - 8.77 0.66 1419 4.61 1.41 25.33 9.63 3436 | 1042 | 9.43 181.38
. 38 - 3.07 - 4.44 2.77 2.99 10.74 4.93 17.27 5.47 3.07 127.68
40 0.83 3.01 0.27 7.62 3.43 2.41 9.30 4.82 30.57 555 411 147.81
44 1.06 6.86 - 7.01 3.79 4.14 25.05 7.80 3575 | 6.40 7.92 185.86
45 5.34 3.18 - 6.80 311 1.73 12.32 5.90 0.00 4.15 8.52 132.53
46 2.32 7.13 - 3.29 1.41 2.96 9.75 2.58 6416 | 2.35 9.45 187.95
- 47 0.72 7.68 0.42. 12.67 3.30 1.53 18.51 7.45 36.81 374 8.82 186.83
49 - 2.01 0.16 2.84 179 1.05 524 317 6.43 2.56 217 123.25
50 3.38 1.71 0.13 3.55 1.47 2.50 8.26 3.06 30.78 | 556 5.22 160.40
51 2.87 4.20 - 1.51 0.77 1.28 7.43 211 6.38 6.82 7.07 135.37
52 4.20 1.70 - 2.23 2.05 2.57 7.50 3.48 4316 | 0.41 5.90 171.30
79 0.66 17.81 2.24 4.60 1.59 1.35 18.12 6.40 1022 | 6.49 20.71 227.48
Liver Tissue Analyses ’ .
Sample 2,3,5,6-TeCP  2,3,4,6-TeCP  2,3,4,5-TeCP 3,4,5-TCG unid 16 unid 17 PCP TeCG Sum | SUM | SUM | Total
Number ng/g. wetwt ng/g. wet wt ngl/g. wet wt nglg wetwt ng/g. wetwt ng/g. wet wt ng/g. wetwt ng/g. wet wt]j DCPs | TCPs | TeCP Cps
12 - — 41.92 - 71.10 89.17 7.52 223.91 44.78 2710 | 2215 | 4192 | 55165
13 20.25 35.00 - - - - 161.17 17.22 3519 | 3449 | 5525 | 329.32
24 4.98 32.74 394 21,04 16.97 5.11 88.64 17.16 2454 | 1592 | 4166 | 279.04
25 415 17.60 - - - - 50.70 19.90 3882 | 1665 | 21.75 | 197.82
26 ° 16.30 14,82 - 2538 141,50 - 71.04 13.56 0.00 | 2056 | 31.12 | 364.16
27 3.11 13.24 1.45 T 32.54 10.13 1.29 40.61 20.44 0.00 | 2006 | 17.80 | 196.87
37 11.46 89,62 7.05 2852 7.78 - 65.08 32.43 0.00 | 2668 | 10813 | 34462
39 - 12.25 - 7.87 2.78 471 51,69 10.08 76.81 5.69 12.25 | 24998
a1 1.96 12.45 B 19.36 5.30 178 - 37.77 10.30 0.00 14,88 14.41 185.80
48 15.56 11.71 - 11.70 11.29 1,35 64.13 7.76 0.00 7.35 27.27 | 226.85
Residue Tissue Analyses -
Sample 2,3,5,6-TeCP  2,3,4,6-TeCP 2,3,4,5-TeCP 3,4,5-TCG unid 16 unid 17 PCP TeCG Sum | SUM | SUM | Total
Number ng/g.wetwt ng/g.wetwt ng/g. wetwt ng/g. wet wt ng/g. wet wt ng/g. wet wt ng/g. wet wt _ng/g. wet wt|} DCPs | TCPs | TeCP | Cps
12 - = 6.31 0.29 6.20 262 3.38 22.71 5.21 B21 | 537 ®60 | 8250
13 0.84 7.39 0.40 5.01 1.46 3.50 16.95 | 461 1248 | 7.83 8.63 89.47
24 0.66 933 0.85 4.89 3.22 0.84 18.73 5.40 0.00 491 10.84 96.83
25 N 6.14 0.36 4.80 1.99 338 16.54 4.72 77.24 | 526 6.50 170.43
26 B 2.18 - 335 1.19 0.99 10.66 382 1.26 2.89 2.19 78.35
27 0.62, 2.90 - 3.39 1.04 1.85 7.28 2.86 1622 | 5.33 352 95,49
37 4.14 31.48 2.90 9.80 346 212 2567 10.60 2.87 1159 | 3852 | 17863
39 0.61 6.25 j - 4,04 6.27 241 16.28 6.24 25.81 3.03 6.86 148.64
41 0.40 6.07 0.45 8.16 423 347 18.22 6.08 4.99 7.47 6.92 141.24
48 - 4.92 0.42 6.04 3.56 1.82 20.27 4.19 441 6.15 5.34 147.78




Appendix 2. Quality Control Analyses

| Methods

The accuracy of the chlorophenol analysis was tested by analysis of splked tissue samples.
Muscle fillets were colleoted from 2+ (n=10) and 3+ (n=9) fish and pooled by age. Livers were removed
from each of the fish and pooled over all fish from both age classes. These tissues were ground using a

' pharmaceutical mortar and pestle, homogenized, and divided into four 2 - 3 g. subsamples. Subsamples

were spiked with four levels (Low, Moderate, High and Very High: Appendix 2, Table 1) of ten chloropnenol \

standards at the Inland Waters Directorate Laboratory in Vancouver and forwarded to N.W.R.I. for analysis.
Analytical precision was tested using replioate submjssions froma si_ngle large (2.33 kg, age 5+) ,
‘ . flounder which was purchased from local commercial supplier for the purpose. Five “separate samples of

epaxial muscle and liver tissue were submitted for analysis.

Results |

Results of analysis of spikes are shown in Appendix 2, Figures 1 and 2, and Table 2. Thefi gures
show little difference between spiked and measured chlorophenol levels in erther muscle or liver tissue.
Companson of spiked and measured concentrations by ANOVA showed no_srgnlﬁcant difference between
spiked and measured Ievels within each tissue type. Consistent deviations were, bowever, observed for

: several isomers. rn muscle tissue analyses, concentrations of several isomers (eg. 2,4-DC‘P, 2,3,5-TCP

and PCP) were consistently overestimated, while others (ed. 3,5.-DCP, 2,3,5,6-TeCP and 2,3,4,6-TeCP)
were consistently underestimated . | |

Measurable levels of 2, 3 4-TCP were found in the spiked muscle samples and analyses of spiked
liver tissues showed unexpected Ievels of 2,6- DCP 2,3,4-TCP and 3,4,5-TCP (Table 2) These congeners

were not part of the "spike cocktail" (Table 1) and not found in the blanks so their presence suggests

breakdown of other chlorophenols occurred during sample storage or analyﬁcal treatment. Various TCPs '

can be products of anaerobic degradation of PCP'(NRCC 1981, Carey et al. 1986).
Results and summary of replrcate analyses of chIorophenols of liver and muscle from a single

starry ﬂounder are presented in Appendrx 2 Table 3. Values of the coefficient of variation (Mean /sD*

| l
| l
,




100) are particularly fnformaﬁve in evaluating the precision of the aﬁalysis,,but require some care ini
interpretation. Obsewéﬁons near an analytical detection limit ‘ére notoriously unreliable (Crummett 1979).
Recognizihg this fact, proper assessment of analytical precision s_hould only be made for concentrations |
well above ';He detection limit.

The results allow a subjective appraisél of the relative deviation fof each chiorophenol type. The
‘methods provided good precision for PCP measurements in boih liver and muscle tissue, but ‘relatively

poor precision for the Iowér chldrinated phenols such as 2,4-DCP.
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Appendix 2. Figure 1. Comparison of measured.and spiked content of chlorophenols in '

starry flounder liver tissue.
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