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ABSTRACT 

Semi-aquatic predators such as mink are exposed to anthropogenic contaminants 

directly through the water and through bioaccumulation in the food chain. The 

biological impact of dietary bleached kraft pulp mill effiuent (BKME) on mink (Mustela 

vi son) was investigated. In a pilot study and two subchronic studies of 8 and 7 month 

duration, mink were fed diets containing 75% (year 1) and 45% (year 2) fish caught 

downstream of a BKME discharge point, and drinking water contained 25% BKME. In 

year two, the 45% fish diet had 15% soft-wood run BKME incorporated into the feed. 

The investigation was tiered. In the pilot study, behavioural, clinical, 

biochemical, hematological, and pathological effects were investigated. Repeating these 

variables, reproductive factors were added in Year one, while in Year two, hepatic 

enzyme ( ethoxyresorufin-0-deethylase (EROD) induction, cell mediated and humoral 

immune function, and hepatic vitamin A levels were evaluated. In vivo and in vitro 

immunotoxicity assays were developed for mink. Peripheral blood mononuclear cell 

(PBMC) proliferation was measured in response to mitogens in vitro. An enzyme-linked 

immunosorbent assay for antibody detection was developed for mink. Delayed type 

hypersensitivity (DTH) tests and antibody production responses were used to measure 

cell-mediated and humoral immunity in vivo in the experimental mink. 

No adverse effects were found on behavioural, gross pathological, 

histopathological, hematological or biochemical variables, on gestation, kit birth weight, 

kit survival, libido, estrus, sperm quality or hormone levels. In the Year two subchronic 

study, the relative liver size was increased in BKME-exposed males. Hepatic EROD 
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activity was 1. 8 times greater in exposed females (p=O. 0001) and 2. 0 times greater in 

exposed males (p=0.0004) relative to control mink. No difference in PBMC 

proliferation was seen between the control and exposed mink with any of the mitogens 

used. The DTH response was impaired (p=O. 0 14), while the antibody response was 

enhanced (p=0.029) in the BKME-exposed mink. Hepatic vitamin A levels were not 

different in the females (mid-lactation), but were significantly decreased in the BKME

exposed males (post-breeding) (p=0.0002). 

These changes represent a primary effect of bleached pulp mill effluent on the 

immune system, hepatic vitamin A stores, and hepatic detoxification enzyme system in 

exposed mink. Hepatic EROD activity provides a useful indicator for evidence of 

exposure to environmental toxicants in mink. The change in the immune response is 

occurring at the level ofT lymphocyte differentiation, and therefore, affects the relative 

proportions ofT lymphocyte subpopulations which are dedicated to cell mediated, or T 

lymphocyte dependent, antibody mediated immunity. Immune deviation seen in the 

female mink is not associated with changes in hepatic vitamin A stores, while the 

decreased vitamin A in the males has an unknown effect on their immune response. 

The biological impact ofbleached kraft pulp mill effluent does not cause dramatic 

or subclinical signs of toxicity in exposed mink. However, the interference with hepatic 

vitamin A storage, and changes to the immune response, present concerns regarding long 

term effects on health, reproduction and longevity in exposed mink. 

IV 



ACKNOWLEDGMENTS 

I am greatly appreciative of the Wildlife Toxicology Fund under the auspices of 
the World Wildlife Fund, and the Natural Sciences and Engineering Research Council 
whose support made this research possible. I am also thankful to the Alberta Recreation, 
Parks and Wildlife Foundation, as well as the Canadian Network of Toxicology Centers, 
for their support of the immunotoxicological portion of this research. 

I am indebted to Montgomery Fur Ranch for much advice and help with mink 
management, Weyerhaeuser Pulp and Paper Ltd. Prince Albert, SK. for their cooperation 
during the fish and pulp eflluent collections, and for sharing technical information 
regarding mill operations, the Fisheries Branch of Saskatchewan's Department of 
Environment and Resource Management for control fish and freezer space, the Animal 
Health Laboratories Branch, Alberta Agriculture for vitamin A analysis, Canada Centre 
for Inland Waters, Environment Canada for dioxin analyses, and the Department of 
Fisheries and Oceans in Winnipeg for guidance and generous help with MFO analysis. 

My advisory committee and my supervisors in particular deserve special thanks 
for guiding and supporting me through some tortuous paths in the course of this project. 
Many people assisted me in many ways throughout my research program, and I 
sincerely thank them. They include my committee members followed by many of those 
who helped, in alphabetical order; 
B.R. Blakley, F.A. Leighton, D.B. Neal, H.B. Schiefer, G.A. Wobeser, 
C. Caspell, S. Cook, L. Copeland, C. Coghlin, L. Dickson, J. Diederichs, D. Godson, J. 
Gordon, D. Haines, D. Hancock, S. Honour, M. Jackson, C. Kettles, T. Kuiken, L. 
Kumor, S. Mayes, V. Misra, T. Nickel, J. Penno, H. Philibert, P. Ross, D. Rozotto, I. 
Shirley, H. Timmerman, B. Trask . 

My fellow graduate students in the Department of Veterinary Pathology have 
COI?-tributed lively debate and warm support. 

v 



DEDICATION 

I dedicate this thesis to my father, Albertus Johannus Smits, and my mother, 

Sophia Hamelijnck who raised me to believe I could do anything if I sincerely wanted to, 

to my sister Sonja, who has always been proudly supportive of my academic efforts, and 

to my partner and husband, Bert, and my little daughter Veronika, who have patiently 

tolerated my absences in mind or body, and have given me unfailing encouragement and 

love while helping to keep 'real life' in perspective during the years it has taken to 

produce this thesis. 

vi 



TABLE OF CONTENTS 

PERMISSION TO USE .............................................. u 

ABSTRACT ....................................................... iii 

ACKNOWLEDGMENTS ............................................. v 

DEDICATION ..................................................... vi 

TABLE OF CONTENTS ............................................ vii 

LIST OF TABLES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . xi 

LIST OF FIGURES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . xiv 

LIST OF APPENDICES ............................................. xv 

LIST OF ABBREVIATIONS ........................................ xvi 

1.0 INTRODUCTION ............................................. 1 

2.0 LITERA.TURE REVIEW ....................................... 2 

2.1 Pulp and Paper Production .................................. 2 

2.1.1 Mill types .......................................... 3 

2.1.2 Pulp mill involved in the present study .................... 4 

2.1.3 Compounds of concern in bleached pulp mill effiuent ........ 5 

2.2 Environmental Effects Monitoring ............................... 6 

2.2.1 Environmental monitoring ............................ 7 

2.3 Physiological Effects ofPulp Mill Effiuent on Vertebrates ............. 9 

2.3.1 Hematological effects ................................. 9 

2.3.2 Clinical biochemistry ................................. 10 

w 



2.3 .3 Endocrine effects . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10 

2.3.4 Mixed function oxygenases ............................ 11 

2.3.5 Hepatic retinoid .............................. 13 

2.3.6 Reproduction ...................................... 17 

2.3.7 lmmunotoxicology .................................. 18 

2.3. 8 Pathology ......................................... 21 

2. 4 Population effects of pulp mill effluent on vertebrates . . . . . . . . . . . . . . . 22 

2. 5 Mink, an indicator species of environmental contaminants . . . . . . . . . . . . 24 

2.5.1 Population effects of anthropogenic environmental 

contaiilinants . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 26 

2.6 Summary of Introduction .................................... 26 

3.0 OBJECTIVES ............................................... 28 

3 .1.1 Preliminary study . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 30 

3.1.2 Pilot study ....................................... 33 

3 .1.3 Year one subchronic study . . . . . . . . . . . . . . . . . . . . . . . . . . . . 34 

3.1.4 Year two subchronic study ............................ 36 

4.0 PHYSIOLOGICAL, REPRODUCTIVE, AND PATHOLOGICAL 

EFFECTS OF DIETARY BLEACHED PULP MILL EFFLUENT ON 

MINK ..................................................... 38 

4.1 INTRODUCTION ......................................... 38 

4.2 MATERIAL AND METHODS ................................ 41 

4 .2.1 Animals . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 41 

4.2.2 Diet ............................................. 42 

4.2.3 Experimental design ................................. 45 

4.2.4 Blood collection .................................... 47 

4.2.5 Physiological studies ................................. 47 

4.2.6 Reproductive studies ..... : . .......................... 49 

4 .2. 7 Evaluation for pathology . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 50 

4.2.8 Statistical analyses .................................. 52 

4.3 RESULTS ............................................... 52 

4.3.1 Diets ............................................. 52 

4.3.2 Behaviour, growth, morbidity and mortality ............... 53 

viii 



4.3.3 Evaluation of pathology ............................... 53 

4.3. 4 Organ somatic indices . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 54 

4.3 .5 Hematology and serum biochemistry ..................... 55 

4.3.6 Ethoxyresorufin-0-deethylase induction .................. 56 

4.3. 7 Reproduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 56 

4.3. 8 Endocrine measurements . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 58 

4.4 DISCUSSION ............................................ 59 

4.4.1 Body weight ....................................... 59 

4.4.2 Pathology ......................................... 60 

4.4.3. Hepatic enzyme induction ............................. 60 

4.4.4. Hematology and serum biochemistry ..................... 61 

4.4.5. Endocrine effects ................................... 62 

4.4.6. Reproductive effects ................................ 62 

5.0 IMMUNOTOXICITY STUDIES IN MINK CHRONICALLY EXPOSED 

TO DIETARY BLEACHED KRAFf PULP MILL EFFLUENT ....... 75 

5.1 INTRODUCTION ......................................... 75 

5.2 MATERIALS AND :METHODS .............................. 78 

5 .2.1 Experimental conditions and diet . . . . . . . . . . . . . . . . . . . . . . . . 78 

5.2.2 Lymphocyte proliferation assay ......................... 81 

5.2.3 Delayed type hypersensitivity ........................... 83 

5.3 RESlJLTS ............................................... 85 

5.4 DISCUSSION ............................................ 86 

6.0 ASSESSMENT OF HUMORAL IMMUNE RESPONSE IN MINK: 

ANTIBODY PRODUCTION AND DETECTION ................... 97 

6.1 INTRODUCTION ......................................... 97 

6.2 MATERIALS AND METHODS .............................. 98 

6.2.1 Animals and diets .................................... 98 

6.2.2 Immunological evaluation ............................. 99 

6.3 RESlJLTS .............................................. 101 

6.4 DISCUSSION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 102 

lX 



7.0 ENHANCED ANTIBODY RESPONSES IN MINK EXPOSED TO 

DIETARY BLEACHED KRAFr PULP MILL EFFLUENT ......... 105 

7.1 INTRODUCTION ........................................ 105 

7.2 MATERIALS AND :METHODS ............................. 107 

7.2.1 Animals ......................................... 107 

7 .2.2 Physiological data . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 108 

7.2.3 Diet ............................................ 108 

7.2.4 Mycobacterial vaccination ............................ 110 

7.2.5 Enzyme linked immunosorbent assay (ELISA) for antibody to 

mycobacterial antigen . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 110 

7.2.6 Data analysis ...................................... 111 

7.3 RESULTS .............................................. 112 

7.4 DISCUSSION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 112 

8.0 EFFECTS OF DIETARY BKME ON HEPATIC RETINOID 

CONCENTRATIONS IN MINK ............................... 123 

8.1 INTRODUCTION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 123 

8.2 MATERIALS AND :METHODS ............................. 125 

8.3 RESULTS .............................................. 126 

8.4 DISCUSSION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 128 

9.0 GENERAL DISCUSSION ..................................... 134 

10.0 SUMMARY AND PERSPECTIVES ............................ 149 

11. 0 LITERATURE CITED ....................................... 151 

X 



Table 3.1 

Table 3.2 

Table 4. 1 

Table 4.2 

Table 4.3 

Table 4.4 

Table 4.5 

Table 4.6 

Table 4.7 

LIST OF TABLES 

Pilot study experimental details for the different bleached kraft pulp mill 

eflluent treatment groups. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 7 

Year one subchronic study experimental design for exposing mink to 

dietary bleached kraft mill eflluent . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 7 

Initial and final body weights (grams± SO) of bleached kraft mill eflluent 

exposed mink in the pilot study, Year one and Year two studies . . . . . 65 

Comparison of hematological and biochemical variables ( x ±SD) in which 

there were differences between bleached kraft mill eflluent exposed and 

control female mink (Pilot Study) ............................ 66 

Comparison of hematological and serum biochemical variables ( x ±SD) in 

which there were differences between bleached kraft mill eflluent exposed 

and control female mink (Year one subchronic study) ............ 67 

Comparison of hematological and serum biochemical variables ( x ±SD) in 

which there were differences between bleached kraft mill eflluent exposed 

and control male mink (Year one subchronic study) .............. 68 

Comparison ofhematological and serum biochemical variables (x ±SD) in 

which there were differences between bleached kraft pulp mill eflluent 

exposed and control female mink (Year two study) .............. 69 

Comparison of hematological and serum biochemical variables ( x ±SD) in 

which there were differences between bleached kraft pulp mill eflluent 

exposed and control male mink (Year two study) ............... 70 

Hepatic ethoxyresorufin-0-deethylase activity in bleached kraft mill 

eflluent exposed female and male mink in Year two . . . . . . . . . . . . . . 71 

xi 



Table 4. 8 

Table 4.9 

Breeding and gestational success of mink in Year one and Year two 

subchronic studies . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 72 

Mink litter size (n±SE) and average kit weights (±SE) from the four 

breeding groups in the Year two . . . . . . . . . . . . . . . . . . . . . . . . . . . . 73 

Table 4.10 Comparison ofhormone levels (x ±SD) in which there are differences 

between bleached kraft mill effluent exposed and control female and male 

mink (Year two) ........................................ 74 

Table 5.1 Proliferative response of normal mink peripheral blood mononuclear cells 

to concanavalin A, pokeweed mitogen, phytohemagglutinin and 

lipopolysaccharide with dextran . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 92 

Table 5.2 Proliferative response of peripheral blood mononuclear cells from mink 

exposed to bleached kraft mill effluent, to concanavalin A, pokeweed 

mitogen and phytohemagglutinin . . . . . . . . . . . . . . . . . . . . . . . . . . . . 93 

Table 5.3 Stimulation index (SI±SE) of peripheral blood mononuclear cells from 

mink exposed to bleached kraft mill eflluent using three mitogens, 

Table 5. 4 

Table 7.1 

Table 7. 2 

Table 7.3 

Concanavalin A, pokeweed mitogen and phytohemagglutinin ....... 94 

Comparison of three methods of evaluation of the delayed type hypersen

sitivity response in mink exposed to bleached kraft mill effluent . . . . . 95 

Anti-bacille Calmette-Guerin antibody concentrations in mink chronically 

exposed to dietary bleached kraft mill eflluent . . . . . . . . . . . . . . . . . . 120 

Body weights ( x ±SE) of mink after 16 weeks and 26 weeks on the 

experimental diets, compared with pretrial weights. . . . . . . . . . . . . . 121 

Cortisol levels expressed in nmol/L ( x ±SE) in mink after 16 weeks and 

26 weeks on bleached kraft mill effiuent diet. .................. 122 

xu 



Table 8.1 

Table 8.2 

Table 8.3 

Hepatic retinol concentrations (mg/g liver wet weight, x ±SD) in female 

and male mink exposed to dietary bleached kraft mill effiuent . . . . . 132 

Perisinusoidal stellate cell density, and ethoxyresorufin-0-deethylase 

activity in the livers of male mink on control or bleached kraft mill 

eftluent contaminated diets. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 133 

Correlation of hepatic vitamin A (retinol) concentrations, with stellate cell 

density, and EROD activity, in male mink exposed to dietary bleached 

pulp mill eftluent for 7 months. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 133 

xiii 



LIST OF FIGURES 

Figure 3 .1. Tiered experimental design, beginning with the pilot study followed by 

two phases of subchronic study. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 32 

Figure 5.1 Intradermal injection site from the delayed type hypersensitivity test in 

control mink. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 96 

Figure 5.2 Intradermal injection site from the delayed type hypersensitivity test in 

bleached kraft mill effiuent-exposed mink. . . . . . . . . . . . . . . . . . . . . . 96 

Figure 6.1 Relative antibody levels in 1:1280 dilution of sera from DNP-KLH 

vaccinated mink . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 104 

Figure 7.1 Western blotting of the Bacille Calmette-Guerin (BCG) culture 

supernatant, shows the dominant protein to be approximately 70 

kilodaltons. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 119 

XlV 



LIST OF APPENDICES 

Appendix A. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 171 

Appendix B. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 173 

Appendix C . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 189 

Appendix D. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 191 

Appendix E . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 192 

XV 



J.Lg 
J.LL 
ABTS 
AHH 
ANOVA 
AOX 
BCG 
BKME 
BOD 
BSA 
CCIW 
CG 
CK 
Cl02 
CMI 
C02 

COD 
ConA 
CP 
CPM 
d 
DDE 
DDT 
DNP 
DTH 
ECF 
ELISA 
EOCl 
EOX 
EROD 
FA 
GGT 
GSI 
H2S 
HBSS 
HEPES 
HCl 
HPO 
lg 
IL 

LIST OF AD BREVIA TIONS 

Microgram 
Micro litre 
2,2'azino-bis(3-ethylbanzo-thiazoline-6-sulfonic acid) 
Aryl hydrocarbon hydroxylase 
Analysis of Variance 
Adsorbable organic halides 
Bacille Calmette-Guerin 
Bleached kraft pulp mill effi.uent 
Biological oxygen demand 
Bovine serum albumin 
Canada Centre for Inland Waters 
Chloroguaiacols 
Creatine kinase 
Chlorine dioxide 
Cell-mediated immunity 
Carbon dioxide 
Chemical oxygen demand 
Concanavalin A 
Chlorophenols 
Counts per minute 
Day 
2,2-bis(p-chlorophenyl)-1, 1-dichloroethylene 
1,1, 1-trichloro-2,2-dimethylcyclopropane carboxylate 
Dinitrophenol 
Delayed type hypersensitivity reaction 
Elemental chlorine free 
Enzyme linked immunosorbent assay 
Extractable organic chlorine 
Extractable organic halides 
Ethoxyresorufin-o-deethylase 
Fatty acids 
Gamma glutamine tranferase 
Gonad somatic index 
Hydrogen sulfide 
Hank's Balanced Salt Solution 
N-[2-hydroxyethylene ]piperazine-N' -[2-ethanesulfonic acid] 
Hydrogen chloride 
Horseradish peroxidase 
Immunoglobulin 
Interleukin (IL-l, IL-2) 

XV1 



INFy 
IRND 
IU 
KCl-HEPES 
kD 
KLH 
LPS 
LSI 
mCi 
MFO 
mo 
MW 
NK 
NRC 
OCDD 
OCDF 
PAH 
PALS 
PBB 
PBL 
PBMC 
PBS 
PBST 
PCB 
PCDD 
PCDF 
PCV 
PFC 
PHA 
PHAH 
PMN 
PPD 
PSI 
PWM 
RA 
RBC 
RPMI 
SE 
SI 
SSI 
t-test 
TCDD 
TCDF 

Gamma interferon 
Intrarenal nuclear diameter 
International units 
Potassium chloride-HEPES medium 
Kilodalton 
Keyhole limpet hemocyanin 
Lipopolysaccharide 
Liver somatic index 
Microcurie 
Mixed function oxygenases 
Month 
Molecular weight 
Natural killer cells 
National Research Council 
Octachlorodibenzo-p-dioxin( s) 
Octachlorodibenzofuran( s) 
Polycyclic aromatic hydrocarbons 
Periarterial lymphatic sheaths 
Polybrominated biphenyl( s) 
Peripheral blood lymphocytes 
Peripheral blood mononuclear cells 
Phosphate buffered saline 
Phosphate buffered saline-Tween 20 or 80 
Polychlorinated biphenyl( s) 
Polychlorodibenzo-p-dioxin( s) 
Polychlorodibenzofuran( s) 
Packed cell volume 
Plaque forming colonies 
Phytohemagglutinin 
Polyhalogenated aromatic hydrocarbons 
Polymorphonuclear cells 
Purified protein derivative 
Pounds per square inch 
Pokeweed mitogen 
Resin acids 
Red blood cells 
Roswell Park Memorial Institute 1640 medium 
Standard error of the mean 
Stimulation index 
Spleen somatic index 
Student's t-test 
Tetrachlorodibenzo-p-dioxin( s) 
Tetrachlorodibenzofuran( s) 

XV11 



TCF 
TEF 
Th 
TNF 
TOCl 
TSS 
UDPGT 
WBC 
wk 
xG 
yr 

Totally chlorine free 
Totally effiuent free 
T helper lymphocyte 
Tumor necrosis factor 
Total extractable organic chlorine 
Total suspended solids 
Uridine diphosphate-glucuronosyltransferase 
White blood cells 
Week 
Gravity 
Year 

XVll1 



I 

1.0 INTRODUCTION 

Industrialization and agricultural production worldwide have resulted in the 

distribution of persistent chemical compounds throughout the environment. Residues of 

these anthropogenic compounds have been found in wildlife species occupying many 

ecological niches from the bottom to the top of the food web, from the tropics to the 

polar regions. The aquatic environment is conspicuously affected by numerous toxic 

compounds because ponds, lakes, and river systems are used as disposal sites for 

industrial and agricultural chemical waste eftluent. There is growing interest in the 

association between the levels of xenobiotic compounds in the environment and 

compromised fitness in human and animal populations. Perceived health effects include 

reproductive dysfunction and neoplasia, as well as increased susceptibility to infectious 

agents. 

The pulp and paper industry globally produces a vast amount of eftluent that is 

discharged into the aquatic environment. In Canada alone there are I 00 such pulp mills 

(Robinson et al., I994; Miller Freeman Publications, I994) so the input to receiving 

waters is substantial. 

The majority of ecological risk assessment research involving pulp and paper mill 

eftluent is focused on aquatic ecosystems; microorganisms, flora, fish, (National Council 

of the Paper Industry for Air and Stream Improvement. I989 ; Owens, I99I; Capen et 

al., I991) and aquatic birds (Bellward et al., 1990; Sanderson et al., 1994a; Sanderson et 

al., 1994b ). 

There is a paucity of studies on naturally occurring or experimental toxicity of 



2 

terrestrial and semiaquatic wildlife exposed to pulp mill effiuent compounds. One study 

in 1959 examined the effects of pulp mill effiuent on growth rate and reproduction in 

cattle (McCormick, 1959 ). More recently, research efforts have focussed on the 

environmental fate and effects ofbleached kraft mill effiuent (BKME) on a wide range of 

species and ecosystems. Some investigations into BKME-associated residue analyses 

have included fur-bearing aquatic and marine mammals, cetaceans, waterfowl and 

piscivorous birds (Sodergren, 1991; Servos et al., 1995). 

2.0 LITERATURE REVIEW 

2.1 Pulp and Paper Production 

The pulp and paper industry is based upon harvesting fibre from hardwood 

(largely aspen) or softwood (spruce and pine) tree species in boreal regions of the 

northern hemisphere. A great number of chemicals are formed during the conversion of 

wood to bleached pulp. Because of the diversity of final products and tree species used, 

and the complexity of modem pulp mills, it is not possible to completely characterize 

pulp mill effiuent. Most compounds are formed from the wood itself, including bark, 

extractives which are different for hardwood and softwood (fatty acids (FA), resin acids 

(RA), juvabione, alcohols, aldehydes, sterol esters ... ), lignin, cellulose and hemicellulose, 

while some are added through the pulping and bleaching processes (Bonsor et al., 1988 ; 

National Council of the Paper Industry for Air and Stream Improvement. 1989 ). 

The production of bleached kraft pulp has changed dramatically over the past 4 

years in response to environmental concerns, international consumer market pressure, 



and comprehensive government regulations regarding eflluent components (chlorinated 

dioxins and furans in particular), toxicity testing, and environmental effects monitoring 

(Carey et al., 1994). Major process changes in the manufacture of bleached kraft pulp 

have included elemental chlorine free (ECF), totally chlorine free (TCF), and totally 

eflluent free (TEF) pulp production. 

2.1.1 Mill types 

3 

Pulp mills operate using several types of technology. The pulping processes may 

be kraft, groundwood, or, sulfite/ thermomechanical pulping (TM). The modem kraft 

process recovers and recycles chemicals and organics to minimize discharges (Owens, 

1991). Ridding the pulp of the residual lignin which imparts the brown colour, is 

achieved through bleaching followed by caustic extraction of the pulp. Bleaching 

sequences involve some combination of the following compounds; molecular chlorine, 

hypochlorite, elemental oxygen, chlorine dioxide, and hydrogen peroxide (Robinson et 

al., 1994; Servos et al., 1994). 

Mill classification includes the type and degree of treatment that the eflluent 

receives. Some mills release untreated eflluent into the environment. Primary treatment 

of effi.uent entails clarification, with or without residence time in settling basins before it 

is discharged to either the secondary treatment ponds, or to the receiving waters. 

Settling basins decrease the total suspended solids (TSS) in the final eflluent. Secondary 

treatment entails a seven to ten day residence time in aerated stabilization lagoons 

(Robinson et al., 1994), where bacterial activity enhances the degradation of high 

molecular weight compounds to lower molecular weight compounds, thus reducing the 



biological oxygen demand (BOD) of the effiuent before it is discharged to the 

environment (Canadian Environmental Protection Act, 1991 ). 

A recent experimental stream study compared environmental effects before and 

after conversion of a bleached kraft mill from I 00% elemental chlorine to 60 to 70% 

Cl02 substitution. Physicochemical parameters were decreased (biological oxygen 

demand (BOD), colour, total suspended solids (TSS), turbidity, FA, RA, 

chlorophenolics (CP), chloroguaiacols (CG) ), while periphyton biomass and 

macroinvertebrate biomass were not different from control streams (Haley et al., 1995). 

2.1.2 Pulp mill involved in the present study 

4 

The Weyerhaeuser Pulp and Paper mill in Prince Albert, Saskatchewan, a modem 

bleached kraft pulp mill, was chosen for this investigation into the effects ofBKl\ffi on 

mink. Effiuent was collected from the secondary treatment pond discharge pipe, and fish 

were collected downstream in the effiuent plume to make up the experimental diet in the 

present studies. Over the course of this study (1991 to 1994), the mill used 72% to 80% 

chlorine dioxide (Cl02) substitution for elemental chorine (Weyerhaeuser Canada, Prince 

Albert Pulp and Paper- Technical Department Reports, 1993). The plant processes both 

hardwood and softwood pulp, which effects both the amount of Cl02 substitution and 

the effiuent characteristics, softwood effiuent generally having more biologically active 

compounds than hardwood effiuent (Canadian Environmental Protection Act, 1991 ). 

Since 1988, there has been no detectable 2,3, 7,8-tetrachlorodibenzo- p-dioxin (TCDD) 

· or -tetrachlorodibenzofurans (TCDF) detected at environmentally significant levels in the 

water or fish downstream of the plant (Saskatchewan Environment and Resource 



Management, 1989 ). Effiuent receives primary and secondary treatment before 

discharge to the North Saskatchewan River, at a rate of 10- 15 x 103 m3/day. 

2.1.3 Compounds of concern in bleached pulp mill emuent 

5 

A complex mixture of compounds exists in bleached pulp effiuent. Chlorinated 

organic acids, resin and fatty acids, chlorinated phenolics, sulfur-containing compounds, 

metals, extractives and high molecular weight degradation products of lignin, 

chlorolignins, are some of the parameters comprising pulp effiuent (McLeay, 1987 ; 

Environment Ontario, 1989 ), and being monitored for biological environmental effects. 

Parameters which have been used to evaluate/assess environmental impacts from pulp 

effiuent discharge are; COD, BOD, total organic carbon (TOC), total organic chlorine 

(TOCl), extractable organic chlorine (EOCl) and adsorbable organic halides (AOX). 

Extractable organic chlorine has been used to study body burdens of pulping 

organochlorines, but EOCl are also measurable in sediments and the water column 

(Craig et al., 1990). Pulp effiuent is impossible to characterize completely. The 

composition of these compounds changes according to the type of woods used, types of 

pulp being produced, and the types and effectiveness of effiuent treatment before it is 

released into receiving waters. 

Fish are exposed to biologically treated BKME bioconcentrated chlorophenols, 

chloroguaiacols, and extractable organochorine substances in proportion to the aqueous 

concentrations ofthe substances (Servizi et al., 1993). 

The Canadian Environmental Protection Act Priority Substance List Assessment 

Report No. 2 (Canadian Environmental Protection Act, 1991 ) estimated that 10 to 40% 



of the low molecular weight (MW <1 000) chlorinated organic compounds in BKME 

have been characterized (Leach and Thakore, 1975; Kringstad and Lindstrom, 1984). 

Most chlorinated organics are high MW thought to be transformed during eftluent 

treatment to low MW compounds which have higher biological activity, ie. can pass 

through biological membranes (Kringstad and Lindstrom, 1984). 

6 

The Prince Albert pulp mill monitors total nitrogen, AOX, resin acids and fatty 

acids, on a weekly basis, phenolics monthly. Daily reports on pH, BOD, TSS, sodium, 

and other physicochemical properties are generated from samples taken at the discharge 

pipe (Weyerhaeuser Canada, Prince Albert Pulp and Paper - Technical Department 

Reports 1993). Analysis offish trapped downstream of the mill have shown the levels of 

various dioxin and dibenzofuran congeners to be below or near detection limits (dioxin 

analysis carried out by the Canada Centre for Inland Waters, Environment Canada) 

(Saskatchewan Environment and Resource Management, 1989 ). 

2.2 Environmental Effects Monitoring 

Identification and characterization of the individual compounds in BKME 

provide no information on their effects upon, or fates in the ecosystem. Generally, these 

chemicals resist biological degradation, judging from the presence of residues in water 

and food chains even in remote areas of the world (Paasivirta et al., 1985); may be toxic 

to aquatic species; some are genotoxic; and they are biomagnified at higher trophic levels 

in the food chain (Buikema et al., 1979; Kozak et al., 1979; Ahlborg and Thunberg, 

1980; Paasivirta et al., 1980; Kringstad and Lindstrom, 1984). 

The effects of some environmental toxins have been investigated in terrestrial 
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mammals, mink (Mustela vison) included (Aulerich et al., 1985; Foley et al., 1988), 

which occupy a top position in the food chain. Thus, because mink diet consists of an 

assortment of animal tissues from various sources, they are naturally exposed to 

environmental contaminants which may bioaccumulate as they move through the trophic 

levels. 

2.2.1 Environmental monitoring 

2.2.1.1 Physicochemical parameters 

In the past, the following parameters were monitored as a way to assess the 

environmental impacts or presence of pulp mill effiuent (Bonsor et al., 1988 ; Canadian 

Environmental Protection Act, 1991 ; Owens et al., 1994): 

I) Fibre and suspended solids, which damage the benthos, alter reproductive and 

feeding habitat of numerous organisms such as zooplankton and fish, and deplete 

oxygen, which may result in bacterial H2S production; 

2) Colour and turbidity, which lead to reduced primary productivity from decreased 

photosynthesis, and impair reproductive and feeding behaviour of fish species dependant 

upon visual clues; 

3) Organic carbon and nutrient enrichment loading, which leads to eutrophication. 

Attempts have been made to quantify the various toxicants from pulp mill 

effiuent to which aquatic animals are exposed. Such toxicants may affect animals 

directly by bioaccumulation from the water, by biomagnification through the food web, 

by environmental transformation, or by biotransformation of ingested pulping 
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compounds. 

Body burdens of compounds measured in BKME-exposed fish have included 

fatty acids, resin acids, chlorophenols, polychlorinated biphenyls (PCB), 2,3,7,8-TCDD, 

dibenzofurans, and EOCl (Alberta Environmental Centre, 1987; Morales et al., 1992b; 

Morales et al., 1992a; Owens, 1991). Extractable organic chlorine has been measured in 

fish and macroinvertebrates in the past to avoid the almost impossible analysis for 

individual compounds, but it appears that this crude measure does not provide useful 

information regarding biological effects on individuals or communities (Craig et al., 

1990; Kloepper-Sams et al., 1994; Kloepper-Sams and Benton, 1994). The presence of 

organochlorines in tissues of shellfish such as crab, indicates continuous exposure and 

bioaccumulation ofBKME compounds in this prey species of mink also (Canadian 

Environmental Protection Act, 1990 ). 

2.2.1.2 Biological parameters 

In order to understand the nature and extent of the biological impact of 

environmental pulp effiuent, several tiers of toxicity studies were added to the 

physicochemical analyses. 

Apart from body burdens of certain pulping compounds, assessment of whole

organism effects such as reproductive success, or disease occurrence, and appraisal of 

within-organism effects such as gross or histopathological changes, and physiological or 

biochemical shifts have been studied (Kovacs, 1986; McCarthy and Shugart, 1990). The 

lack of major differences in fish and other biota exposed to BKME receiving secondary 

treatment, raises questions about the previous focus on organochlorines as being the 
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major compounds of concern in pulp mill eftluent at environmentally relevant levels. 

2.3 Physiological Effects of Pulp Mill Emuent on Vertebrates 

2.3.1 Hematological effects 

Leukocyte counts in exposed fish have been shown to increase, decrease or show 

no difference with exposure to BKME (Andersson et al., 1988; National Council of the 

Paper Industry for Air and Stream Improvement. 1989 ; Haley et al., 1995). Hematocrit 

values in salmon in BKME-affected habitats were not different from those seen in the 

fish from reference habitats (State ofWashington Department ofFisheries, 1992 ). 

Leukocyte counts were not reported in this study. In an experimental stream study, 

erythrocyte and leukocyte counts were compared in fish exposed to BKME before and 

after 70% Cl02 substitution for molecular chlorine. There were no differences between 

exposed and control groups, either before or after Cl02 substitution (Haley et al., 1995). 

In eels exposed to 75% and 50% BKME for 1 and 3 weeks respectively, the hematocrit 

was significantly increased (Santos et al., 1990). In mountain whitefish (Prosopium 

williamsoni) and longnose suckers ( Catostomus catostomus) exposed to BKME from a 

mill using 25 to 70% Cl02 over the 2 year-course of the study, there was no difference in 

erythrocyte numbers, PCV, total leukocyte or lymphocyte counts compared with the 

same species from reference sites (Kloepper-Sams and Benton, 1994). In contrast, a 

Swedish study of fish inhabiting BKME-affected water from a plant using 15% Cl02 

substitution, showed a markedly elevated RBC count and hematocrit, with a marked 
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reduction in lymphocyte counts, while neurophils were either increased, or not different 

from control-site fish (Andersson et al., 1988). 

2.3.2 Clinical biochemistry 

Serum cortisol levels have been used most consistently as an indicator of stress 

levels experienced by animals exposed to noxious stimuli, xenobiotics included. Stress 

causes increased serum cortisol levels in salmon (Maule et al., 1989). Cortisol levels in 

wild fish from BKME-affected watersheds were not different from those of fish from 

reference sites (Lindstrom-Seppa and Oikari, 1990a; State ofWashington Department of 

Fisheries, 1992 ) . This adrenal cortical stress response in fish has also been 

demonstrated in fish exposed to BKME through increased interrenal nuclear diameters 

(IRND) in the anterior kidneys (Servizi et al., 1993), interrenal cells being the adrenal 

cortical glucocorticoid producing cells in fish. Few studies have considered other serum 

biochemical variables in efiluent-exposed animals. Hepatic uridine diphosphate 

glucuronosyl transferase (UDPGT), a major enzyme involved in detoxification, was 

unchanged in BKME-exposed whitefish and only slightly elevated in similarly exposed 

trout (Lindstrom-Seppa and Oikari, 1990a). Differences in alanine aminotransferase, 

aspartate aminotransferase, creatinine kinase, plasma chloride and potassium, were not 

consistent across years, seasons and sampling sites, and could not be associated with 

BKME-exposure (Kloepper-Sams and Benton, 1994). 

2.3.3 Endocrine effects 
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Sex steroids and thyroid hormones have been most widely examined in species 

exposed to pulp mill effiuent. Reduction in the circulating levels of 17 -~-estradiole, 

testosterone, 11-ketotestosterone and gonadotropin has been seen in many fish in 

BKME-affected habitat. These effects are seen regardless of the type of pulping 

operation being carried out, or the degree of treatment of effiuent. Mills using primary 

effiuent treatment only (McMaster et al., 1991; Munkittrick et al., 1991a), and those 

with secondary aeration of the eflluent (Van Der Kraak et al., 1992) consistently 

produced lower levels of the cholesterol-derived sex steroids in exposed fish. Exposure 

to BKME affects reproductive hormones by acting at multiple sites in the pituitary

gonadal axis (VanDer Kraak et al., 1992). 

Other studies revealing atypical sex steroid profiles in spawning fish did not show 

differences in secondary sex characteristics, fecundity, or abundance in young-of-the

year in the following season. As well, while suckers ( Catostomus spp.) showed 

decreased sex hormones, mountain whitefish from the same sites and with higher 

contaminant body burdens showed no change in sex steroid levels (Kloepper-Sams and 

Benton, 1994; Swanson et al., 1994). In spite of considerable monitoring efforts, there 

is little evidence that these observed effects are having sustained impacts on the 

populations at risk. 

2.3.4 Mixed function oxygenases 

Mixed function oxygenases (MFO) (cytochrome P-450) have been used as 

biomarkers of exposure to numerous xenobiotic compounds. Although induction of 
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monooxygenases can occur in extrahepatic tissues, their major activity and highest 

concentrations are found in hepatocytes (Sipes and Gandolfi, 1986). Here their activity 

promotes the biotransformation and excretion of xenobiotic compounds by enhancing 

their hydrophilicity through the addition of polar groups. Induction of these enzymes has 

been a consistent finding in wild fish (Rogers et al., 1989; Lindstrom-Seppa and Oikari, 

1990b; Lindstrom-Seppa and Oikari, 1990a; McMaster et al., 1991; Servizi et al., 1993; 

Munkittrick et al., 1994; Van Den Heuvel et al., 1994), and piscivorous birds (Bellward 

et al., 1990; Sanderson et al., 1994a) exposed to pulp mill eftluent. Males tend to have 

higher MFO activity than females (McMaster et al., 1991; Munkittrick et al., 1994), 

although this difference in mammals was not found to be as great as in fish (Stegeman 

and Kloepper-Sams, 1987). Enzyme induction is not consistent in pulp effiuent affected 

areas. Varying levels of induction have been seen in male and female fish. In some 

exposure situations males but not females have shown induction, and induction occurs in 

both unbleached and bleached pulp mill effiuents (Munkittrick et al., 1994). It is 

recognized that enzyme induction represents exposure to but not toxicity from pulp mill 

effiuent (Servos et al., 1995; Hodson and Parrott, 1992). 

Mink experimentally exposed to various technical PCB preparations show 

modestly increased ethoxyresorufin-0-deethylase (EROD) activity (Brunstrom, 1992). 

The level of increase is considerably lower than that seen in similarly exposed ferrets, a 

closely related species, while the toxic effects associated with PCB exposure in mink 

occurs at lower levels and with more dramatic signs of toxicity than in ferrets. The 

relationship between susceptibility to PCB and limited EROD induction is not clear. 
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2.3.5 Hepatic Retinoids 

'Retinoids' are forms of vitamin A which exhibit biological activity (Blomhoff et 

al., 1990). Dietary carotenoids are converted to retinol in enterocytes. Here the retinol 

reacts with long chain fatty acids becoming retinyl esters, which are transported as 

chylomicrons via lymph, into the general circulation. Chylomicron remnants containing 

retinyl esters are taken up primarily by hepatocytes with some uptake by marrow and 

spleen. In the liver these retinyl esters are hydrolyzed to retinol which is transferred to 

the endoplasmic reticulum , bound to protein and transported to the golgi complex for 

export. Fifty to 80% of total vitamin A is stored in hepatic perisinusoidal stellate cells in 

large cytoplasmic droplets. Retinoid binding proteins are found in retinal pigmented 

epithelial cells, in photo receptors within the pineal gland, and in specific areas of the 

spinal cord in murine embryos (Blomhoffet al., 1990; Wagner et al., 1990). Retinoids 

play a major role in morphogenesis and differentiation, affecting growth, reproduction, 

fertility, embryonic development and regeneration of tissues (Blomhoff et al., 1990; 

Thaller and Eichele, 1990). 

Generally, retinoid concentrations reflect vitamin availability in the diet. 

Therefore in marine species (seals, gulls) levels are higher than in terrestrial species (rats, 

quails). Very high individual variation has been noted; retinol levels in herring gull livers 

ranged from 43 to 2000 Jlg/g, while retinyl palmitate was between 140 and 5000 Jlg/g 

(Spear and Moon, 1986). 

Vitamin A-thyroid interaction studies were prompted because of the observed 
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hypothyroid/goitrogenic effects of various organochlorines in birds and mammals 

(Peakall, 1992}. Diets deficient in vitamin A resulted in hypothyroidism in birds which 

had been experimentally exposed to PCB (Spear et al., 1986). Hepatic retinol is 

transported in the blood as prealbumin-retinol-binding protein-retinol complex. Dietary 

vitamin A deficiency along with PCB exposure appears to alter the serum levels of 

thyroid hormones through changes to this shared transport complex (Spear et al., 1986). 

This relationship was also seen in PCB-exposed mice, in which decreased retinoid 

concentrations were thought to be due to PCB interfering with the availability of retinol

binding protein (Brouwer and van den Berg, 1986}. Unbound retinol is subsequently 

lost through renal excretion. In rats exposed to PBB, increased metabolism of vitamin A 

was expressed as enhanced urinary and fecal excretion of vitamin A metabolites (Cullum 

and Zile, 1985). 

Numerous environmental toxicants are recognised to affect hepatic storage of 

retinol. Dose dependent decreases in hepatic retinol concentrations have been seen in 

rats exposed to TCDD (Thunberg et al., 1980). Both DDT and various PCB congeners 

studied in rats and quails resulted in decreased hepatic vitamin A (Cecil et al., 1974). 

Experimental exposure of lake char to coplanar PCB produced decreased concentrations 

of hepatic retinol while elevations in renal retinyl palmitate were seen (Palace and 

Brown, 1994). Reductions in retinyl palmitate in Great Blue Heron eggs were inversely 

related to PCB levels (Boily et al., 1994). In PCB-exposed mink, hepatic vitamin A 

levels were decreased by 48%, while no change was seen in renal vitamin A. 

In one study of vitamin A in quails exposed to organochlorine pesticides, a sex 
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related difference was seen, in which hepatic vitamin A levels in males showed a greater 

decrease than that seen in the females, relative to control birds of the same sex (Cecil et 

al., 1974). 

Rats were exposed to TCDD, 3-methyl cholanthrene and phenobarbital to look 

for interrelations between UDPGT activity, hepatic retinol storage, and aryl hydrocarbon 

hydroxylase (Alffi) induction. Although both enzymes showed enhanced activity, while 

retinol stores were reduced, it was not possible to clearly establish a cause-effect 

relationship between reduced retinol and increased rates of conjugation and excretion 

(Thunberg et al., 1984). Subsequent work, however showed that TCDD and some PCB 

enhance vitamin A catabolism through retinoid-specific cytochrome P450 and UDPGT 

enzyme systems (Bank et al., 1989a). 

Some polyhalogenated aromatic hydrocarbons (PHAH), including PCB, DDT, 

hexachlorobenzene and chlorinated dioxins, which are strong MFO inducers, may show 

marked effects on hepatic vitamin A levels, while others show no effect (Azais et al., 

1987). Spear eta/. (1986) did find reductions of hepatic retinoid stores in ring doves 

and Great Lakes herring gulls to be proportional to AHH induction after exposure to 

TCDD. In both male and female white suckers (Catostomus commersoni) from a habitat 

known to be contaminated with PCB, P AH and heavy metals, liver vitamin A 

concentrations were much lower than those at the reference site (Branchaud et al., 

1995). Induction ofMFO activity was not seen with PCB-induced decreases in hepatic 

vitamin A in mice (Brouwer and van den Berg, 1986). In two of three years of a study 

on the effects of various PCB congeners in mink, there was no correlation between tissue 



vitamin A levels and EROD induction. In one of the three years, the animals showing 

depletion of hepatic vitamin A were also the ones in which hepatic EROD activity was 

induced (Hakansson et al., 1992). 
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Villeneuve et al. ( 1971) felt that the degree of chlorine substitution of different 

PCB congeners was a factor affecting the degree of change seen in stored retinol. 

Studies on the effects of various PCB congeners on hepatic, pulmonary and renal vitamin 

A stores in mink have demonstrated a range of effects. Renal levels were unchanged 

with the PCB congeners tested, while hepatic and pulmonary vitamin A concentrations 

were decreased to varying degrees depending on the congener used (Hakansson et al., 

1992). 

Hepatic retinoids have been considered as potential biomarkers for assessing 

environment health. A large study of herring gulls in various locations on the Great 

Lakes and the Atlantic coast determined the lowest stores of hepatic retinoids to be in 

colonies from the most highly industrialised region of western Lake Erie (Environment 

Canada, 1991 ). This region also had animals showing the most marked 

toxicopathological changes in the thyroid glands (Moccia et al., 1986). Field and 

laboratory investigations have indicated that environmental contaminants may reduce 

vitamin A levels in fish (Spear et al., 1992; Boily et al., 1994; Palace and Brown, 1994) 

and could thus, secondarily affect vitamin A status of piscivorous birds and mammals. 

Due to the wide variations in individual hepatic retinoid concentrations, temporal 

and spatial differences that effect the observed physiological range of these compounds, 

and the unexplored sex differences in hepatic retinoids associated with xenobiotic 
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exposure, additional work needs to be pursued to establish the usefulness of vitamin A as 

a bioeffects monitor. 

Previous studies have shown that birds and fish exposed to pulp mill efiluent have 

decreased serum and hepatic vitamin A levels (Spear et al., 1986; Spear et al., 1990). In 

addition, studies of mink exposed to polychlorinated biphenyls have shown induction of 

hepatic EROD and decreased hepatic vitamin A levels (Hakansson et al., 1992). While 

there are no PCB in pulp efiluent, the efiluent does contain a wide variety of chlorinated 

organics and has produced significantly induced hepatic EROD activity in mink (Section 

4.3.6). Many pulp efiluents also contain dioxins. 

2.3.6 Reproduction 

Reproductive function has been examined to assess whole-organism effects of 

pulp efiluent on fish both at field and experimental levels. Increased age to reach sexual 

maturity, decreased gonad somatic index (GSI) (gonad size compared to body size), 

absence of secondary sex characteristics in males, no increase in egg size with age in 

females, and decreased levels of circulating estradiole and testosterone in mature fish 

have been found (Munkittrick et al., 1991a; Munkittrick et al., 1994; McMaster et al., 

1991 ). Absence of chlorine bleaching, or the use of secondary treatment of efiluent does 

not eliminate responses in fish such as decreased GSI, hepatomegaly, and decreased 

levels of sex steroids (Munkittrick et al., 1994). In experimental stream studies of the 

effects of conversion of a bleached mill from 100% elemental chlorine to 60 to 70% Cl02 

substitution, total fish production integrating both growth and survival was not different 



after the conversion. Nor were there differences in gonadal development based upon 

histolopathological assessment (Haley et al., 1995). 
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Early life stages are seen as very sensitive indicators of" environmental 

degradation" (Sprague, 1974; Leslie and Kelso, 1977; Hansson, 1987). Spawning failure 

due to physical or chemical damage to reproductive habitat has resulted from BKME 

exposure, along with decreased egg numbers, size and hatchability, decreased embryo 

size, growth rate, and larval survival (Karas et al., 1991). 

2.3. 7 Immunotoxicology 

There are several studies alluding to, or demonstrating, evidence of temporary 

immunosuppression associated with BKME exposure (Andersson et al., 1988; Axelsson 

and Norrgren, 1991; Servizi et al., 1993). A dose-responsive reduction in peripheral 

blood lymphocytes (Andersson et al., 1988), increased frequencies of skin-dwelling 

ciliates (Axelsson and Norrgren, 1991), and increased incidence ofhepatic and renal 

granulomas consistent with Bacterial Kidney Disease (Servizi et al., 1993) have been 

observed in fish. This apparent immune suppression is proposed to be due to chronic 

stress (Maule et al., 1989; Servizi et al., 1993), expressed in fish as increased nuclear 

diameters of interrenal (adrenal cortical glucocorticoid producing) cells (Servizi et al., 

1993 ), increased cortisol levels, or a decreased ability of anterior kidney lymphocytes to 

generate specific antibody producing cells (Maule et al., 1989). 

In contrast, other studies have shown no effect on various immune function 

parameters. In fish exposed to BKME with 60 to 70% Cl02 substitution for elemental 



chlorine for 6 to 9 months, no differences were found in white blood cell counts or the 

prevelance of histopathological lesions (Haley et al., 1995). In a 2 year study of 

longnose suckers and mountain whitefish from a BKME-affected environment, no 

increase in gross or histological lesions, and no difference in leukograms were found in 

either species (Kloepper-Sams and Benton, 1994). 
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The immunocompetence of wild and hatchery-raised fish, from BKME-impacted 

and reference coastal and river sites was studied (State of Washington Department of 

Fisheries, 1992 ). Antibody production by pronephric lymphocytes was quantified using 

the hemolytic plaque assay, and counting plaque forming colonies (PFC). The antibody 

response in the wild fish from two sampling sites on the contaminated water shed were 

30 and 70% greater than in fish from the reference population. Comparisons of parasite 

loads of a digenetic fluke which encysts in the posterior kidney, showed higher levels of 

infestation in the migrating wild fish from the contaminated watershed compared with 

reference site fish. This difference in parasite loads was not found in the captive hatchery 

fish from further upstream in each watershed. The difference in relative parasite loads in 

the confined versus migrating fish, were attributed to either there being similar densities 

of parasites in the water sources used in both hatcheries, or that factors associated with 

the physiological demands of migration were affecting parasite loading rates of the two 

populations offish (State ofWashington Department ofFisheries, 1992 ). 

Other anthropogenic compounds introduced into the environment have been 

shown to modulate immune function. Waterfowl experimentally exposed to 

environmentally relevant levels of selenium compounds, have impaired delayed type 
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hypersensitivity, but no difference in any of the other immunological function tests 

examined including WBC count, cutaneous reaction to phytohemagglutinin (PHA) 

inoculation, antibody response, or macrophage phagocytosis (Fairbrother and Fowles, 

1990). Cell mediated immune function in Great Lakes herring gull and Caspian tern 

chicks, as measured by a phytohemagglutinin skin test, was suppressed inversely to the 

hepatic PCB concentrations (Grasman et al., 1994). A considerable body of work has 

been done on the immunotoxicology of seals subsequent to the morbillivirus epizootics 

of the late 1980's (Ross et al., 1993; De Swart et al., 1995; Ross et al., 1995a). In free

ranging and captive harbor seals, mitogen stimulated proliferation of peripheral blood 

mononuclear cells (PBMC), an indirect enzyme-linked immunosorbent assay (ELISA) to 

detect total serum lgG, or antigen-specific antibody responses were measured to provide 

baseline data for immune function in this species (Ross et al., 1993; De Swart et al., 

1995). Harbor seals were fed for two years on experimental diets based upon fish caught 

in waters polluted with various anthropogenic compounds (Baltic Sea), most notoriously 

organochlorines such as coplanar PCB, polychlorinated dibenzo-p-dioxin (PCDD) and 

polychlorinated dibenzofuran (PCDF). Besides mitogen proliferation responses of 

PBMC, natural killer cell (NK) activity was determined through a chromium release 

assay (Ross et al., 1995b ), and cell mediated immunity was examined through delayed 

type hypersensitivity (DTH) response (Ross et al., 1995a). Natural killer cell activity 

was suppressed in the seals fed contaminated fish diets. The decreased DTH reaction 

and antibody production seen in vivo, correlated with the decreased proliferative 

responses of PBMC from the contaminant-exposed seals seen in vitro (Ross et al., 
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1995a). 

2.3.7.1 Mink immunology 

Due to the extensive efforts to understand mechanisms involved in Aleutian 

disease of mink in the early 1970's, humoral immune function came under study. The 

antibody response of mink was investigated by inoculating mink with sheep rbc, and 

quantifying the number of plaque-forming colonies produced by lymphocytes from 

spleen and lymph node suspensions (Lodmell et al., 1970; Lodmell et al., 1971). 

Extensions from this work lead to the identification of three major classes of mink 

immunoglobulins, IgA, IgG and IgM, using immunodiffusion techniques (Coe and 

Hadlow, 1972). Recent work using flow cytometry, monoclonal antibodies and 

immunohistochemical techniques has resulted in the characterization of subsets of mink 

lymphoid cells (Miyazawa et al., 1994). Apart from attempts to elucidate the 

pathogenesis of Aleutian disease, there has been little work on the immune response of 

mink. In the study of Pseudomonas pneumonia of mink, Rivera and coworkers (1994) 

found Staphylococcal protein A to have good affinity for the fragment, crystalline (F c) 

portion of mink immunoglobulin, thus facilitating the application of an indirect enzyme

linked immunosorbent assay (ELISA) to measure the humoral immune response in mink. 

2.3.8 Pathology 

Pathological changes have been found in fish exposed to pulp mill effiuent 

receiving different degrees of treatment and various levels of Cl02 substitution for 

elemental chlorine. Pathological changes observed from exposure to untreated effiuents 
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from unbleached kraft, oxygen delignification, and molecular chlorine processes have 

included hepatic fatty change, gill swelling and increased gill parasitism (Lehtinen et al., 

1984). Higher incidence ofbacterial fin rot was seen with exposure to untreated BKME 

(Couillard et al., 1988). In 5 1/2 month mesocosm studies, higher frequency of skin 

parasitism by ciliates, and hepatocellular pathological changes were seen from effluents 

from unbleached softwood and bleached hardwood with 90% Cl02 substitution 

(Axelsson and Norrgren, 1991). Servizi eta/. (1993) found increased hepatic and renal 

granulomas typical of Bacterial Kidney Disease in fingerling salmon after laboratory 

exposure to BKME with secondary treatment. 

2.3.9 Biomarkers? 

The search for useful biomarkers has been complicated by the wide range of 

exposure situations resulting in a wide range of effects. Increased levels of serum 

cortisol, glutathione, and MFO, indicative of stress or increased detoxification efforts by 

an organism, have been consistent findings in wild fish studied (Oikari et al., 1984; 

Lindstrom-Seppa and Oikari, 1990b; Lindstrom-Seppa and Oikari, 1990a; 

Kloepper-Sams and Benton, 1994; Van Den Heuvel et al., 1994). However, for many of 

the changes described, including reproductive parameters, there is too much variablility 

between sites to show statistically significant differences between exposed and control 

population (Swanson et al., 1994). 

2.4 Population Effects of Pulp Mill Effluent on Vertebrates 

Exposure to BKME at sites receiving untreated or poorly treated effluent has had 
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negative impacts on fish habitat, growth and reproduction (Sandstrom et al., 1988; 

Owens, 1991; Hodson and Parrott, 1992). Recently, government regulations and mill 

operation changes have resulted in more extensive and effective treatment of eftluent. In 

receiving waters for treated pulp eftluent, including lakes, rivers, estuaries and marine 

waters, there is little evidence of negative impacts to fish communities at these sites 

(National Council of the Paper Industry for Air and Stream Improvement. 1989 ; 

Swanson et al., 1994). In some areas near the eftluent discharge, the fish population 

density and /or diversity is actually higher than at the reference sites. Admittedly, 

population effects remain challenging to assess ( eg. Canadian west coast salmon and 

Grand Banks cod stocks) and require well designed and regular monitoring. 

Reproductive failure in great blue herons (Ardea herodias) reported in coastal 

waters affected by bleached pulp eftluent (Elliott et al., 1988; Bellward et al., 1990) 

occurred concurrently with the highest egg residues of2,3,7,8-TCDD seen in four years 

of monitoring. Improvement of eftluent treatment at the mills affecting these areas, is 

correlated with decreasing TCDD residues and increasing reproductive success in the 

great blue heron colonies described (Sanderson et al., 1994b ). Anthropogenic pollutants 

causing declines in heron, cormorant and other colonial bird species of the Great Lakes 

(Gilbertson et al., 1991) likely included organochlorine compounds from pulp mills but 

many nonpoint sources contribute to the contaminants found in the Great Lakes. 

Studies focussing on population responses of different fish species, have shown 

clear differences in susceptibility in both reproduction and mortality related to BKME 

exposure. Adult populations, juvenile numbers, growth to maturity, and recruitment 
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success of some species were dramatically reduced compared to other cohabiting species 

(Hansson, 1987; Neuman and Karas, 1988). The numbers of adults and juveniles of 

various species, eggs spawned, hatching success, embryo size, conformation and growth 

rate, and larval survival were among the variables examined. These variables were 

measured in several zones based upon proximity to the etlluent discharge point near the 

mouth of a coastal river. All these factors returned to control levels within 4 km of the 

etlluent discharge, once the inlet waters flowed into the open coastal water . 

In general, in fish species existing downstream from BKME discharge points, 

retarded sexual maturation, compromized reproduction, hepatomegaly, hepatic enzyme 

induction, and, possible immunosuppression, are among the most important findings. 

Since mink may rely heavily on fish and shellfish they have the potential to be secondarily 

exposed to a great many of the BKME compounds, especially those which are lipophilic 

and bioaccumulate or biomagnify through the trophic levels. This makes mink a good 

model to study biological aspects ofBKME exposure in mammals. 

2.5 Mink, An Indicator Species of Environmental Contaminants 

Mink are seasonally breeding semi-aquatic animals that have been bred in 

captivity for almost a century. They appear to be quite sensitive to numerous toxicants 

that have appeared in the environment both through food chain bioaccumulation, or 

through direct contamination of their aquatic habitat. Mink is the most sensitive species 

studied with respect to polycyclic aromatic hydrocarbon exposure and toxicity (Bleavins 

et al., 1980; Aulerich et al., 1985). Mink have also shown sensitivity to methyl mercury 
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(Wobeser et al., 1976b), the synthetic estrogens (Travis and Schaible, 1962; Duby and 

Travis, 1971), iodine (Aulerich et al., 1978), PCBs and PBBs (Bleavins et al., 1980; 

Aulerich and Ringer, 1979), organochlorines, such as DDT and methoxychlor (Kupfer 

and Bulger, 1982), and chlorinated dioxins. Dioxins, 2,3,7,8-TCDD in particular, are 

formed from chi oro benzenes, produced during combustion of fossil fuels, gasoline, 

diesel, fireplaces and charcoal grills (K.ritbal, 1981; Hochstein et al., 1988). Dioxins have 

also been found in pulp mill eflluent and are produced by forest fires, making them 

almost ubiquitous environmental contaminants. Mink, occupying a top position in the 

food chain, have a diet of assorted animal tissues, therefore exposing themselves to 

environmental contaminants which bioaccumulate (the uptake of dissolved chemicals 

from water, and uptake from ingested food and sediment residues) and possibly 

biomagnify (the process in which a series of organisms in a food chain accumulate 

greater and greater quantities of lipophilic compounds in their fat at higher trophic 

levels) through the food chain (Hochstein et al., 1988). 

In order to use more traditional approaches, rats were first considered as the 

experimental animals for this study but the potential impact ofbioaccumulation of many 

compounds, particularly lipophilic ones, through the trophic levels would not have been 

addressed. Therefore, mink were chosen for this study. 

Mink was the species of choice for several reasons. ( 1) In free-ranging situations 

mink are top predators whose diet includes fish and shellfish exposed to pulp eflluent; (2) 

mink can be raised successfully in captive environments; (3) they are available because 

they are raised for fur production; ( 4) they have proven to be very sensitive models for 



26 

the study of other organic toxicants; ( 5) toxicity studies ideally are conducted on the 

most vulnerable population to maximize the sensitivity of toxicity tests; ( 6) reproductive 

parameters of normal mink have been extensively studied, so deviations from normal can 

be identified. 

2.5.1 Population effects of anthropogenic environmental contaminants 

There have been studies of mink populations in regions around the Great Lakes, 

because of the high levels of organochlorine and other chemical contaminant loads 

known to exist there (Foley et al., 1988; Addison et al., 1991). The PCB body burdens 

from wild mink collected from the Lake Erie basin revealed PCB levels high enough to 

interfere with reproductive success (Proulx et al., 1987). Levels of PCB, 2,2-bis(p

chlorophenyl)-1,1-dichloroethylene (DDE) and mercury in wild mink and wild otter 

(Lutra canadensis) from the Great Lakes basin (especially eastern Lake Ontario) and 

southern Hudson River watershed in New York State, were positively correlated with 

levels in fish from the same areas (Foley et al., 1988). Tissue levels ofPCB in 10% of 

the wild mink were greater than those known to cause reproductive problems in farmed 

mink fed PCB-contaminated fish diets. Populations were felt to be decreased in these 

areas judging from the difficulty in obtaining enough animals for the study (Foley et al., 

1988). 

2.6 Summary of Introduction 

Pulp and paper mill discharges are very difficult to assess due to the complexity 

and variable nature of eftl.uents, as well as site-specific factors. Hundreds of compounds 
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have been identified in pulp mill effiuents (Voss et al., 1981; Suntio et al., 1988), and 

they vary depending upon the specific processes carried out, and the type of wood being 

processed on any given day in a particular operation. The aim of this study is to assess 

the toxic potential of components comprising bleached kraft pulp mill effiuents. There is 

a gap in knowledge of the subtle effects of total pulp mill effiuents on mammalian 

populations at risk, and on semi-aquatic piscivorous species such as mink and otter in 

particular, which may depend largely upon contaminated river habitat. 
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3.0 OBJECTIVES 

The overall objective of this study was to explore and assess the toxic potential, 

as measured by biological impact, of bleached kraft pulp mill eftluent on mammals. This 

would be accomplished by using mink in an experimental model. 

Several factors were considered in determining the numbers of mink to be used in 

the first year of the trial. The proposed number of animals used in this study represented 

a compromise. The greater the number of animals used (either sex), the greater is the 

statistical power of findings. This had to be balanced against the consideration of the 

biological cost of using sentient creatures. In the pilot study, 4 female and 2 male mink 

were used in each of the control and double-factor exposure groups, while the single 

factor exposure groups had 4 females only. This was felt to be a reasonable design for a 

range-finding study for the diets, and to disclose differences due to direct exposure from 

eftluent, or indirect exposure through the food chain. This design allowed a general, 

subjective comparison between males and females. Experimental design, numbers of 

mink of each sex used, and dietary formulations for the second year of study would be 

determined based upon the results of the pilot and Year one studies. 

Experimental Null Hypotheses; 

1. Mink fed primarily on fish and shellfish caught downstream from a BKME discharge 

point, will not develop gross and microscopic morphological changes in various organs. 

2. Such mink will not develop biochemical, and physiological changes, as a result of 

dietary exposure to BKME as described above. 

3. Oral exposure to BKME will not produce subtle clinical toxic effects, or cause 



hormonal disturbances in mink. 

4. Hepatic vitamin A concentrations will not be changed due to dietary exposure to 

BKME. 

Associated studies planned; 
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5. Methods would be developed to assess various aspects of cell mediated and antibody 

mediated immune responses in mink. 

6. Immune function tests, once successfully developed, would be applied to the 

experimental mink population to study the immunotoxic effects of dietary BKME on 

mink. 

The design of the study was intended to approximate natural exposure conditions 

by feeding to mink diets based largely on fish caught in (I a) BKME contaminated water, 

or (I b) uncontaminated water, and (2a) by having either fresh or (2b) BKME 

contaminated drinking water. Such exposure situations could occur in free-ranging mink 

depending upon their habitat and home range. The experimental levels of exposure may 

be similar to, or higher, than those occurring naturally for mink whose diets contain up 

to 50% fish and crayfish. The addition of eftluent to the drinking water was to simulate 

natural exposure of wild mink to eftluent during daily activities, and to ensure a base 

level of exposure to BKME compounds, to compensate for the lack of control of, and 

unattainable information on the body burdens of various compounds present in the fish 

caught downstream from BKME discharges. The migratory nature of many fish species, 

as well as species-specific feeding habits, result in different exposure, different tissue 



levels, and variable bioaccumulation patterns of the myriad of pulping compounds that 

can exist in BKME. 
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Factors examined in the proposed study included general health and demeanour 

of the experimental mink, biochemical, physiological, and hormonal variables, as well as 

breeding and reproductive performance. The studies terminated with gross and 

histological necropsy examination of all the mink. 

Results from this study were expected to highlight specific physiological or 

pathological changes that would form the basis of the second year's study. However, the 

lack of differences between the control and BKME-exposed groups for all the variables 

assessed in year one, and the various management and weather-induced problems, lead 

to a change in plans for year two of the study (Figure 3.1 ). The results from the year 

one study are presented in chapter 4. 

3.1.1 Preliminary study 

A preliminary study was carried out to determine the degree of effiuent-tainting 

that would be tolerated by mink in their drinking water using the following approach; 4 

subadult female mink were fed a regular diet of meat and fortified meal. Pulp effiuent 

was added to the drinking water beginning with 5% until it was 25% BKME, or until 

decreased water consumption was noted. Each four days it was increased by 5% until 

25% of drinking water was BKME. There was no decrease in consumption at this level 

Appendix D), so the study went forward as planned. 

The research would entail three separate studies over two years: a pilot study of 

six week duration, and two subchronic studies spanning the period from late autumn 
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through to the post-breeding or post-kit production period the following summer. The 

studies represent a tiered approach in which a base of tests used in the pilot study, were 

repeated in the subsequent studies, and with each new study, more variables were added 

in an attempt to define the most sensitive tests of exposure or toxicity associated with 

BKME exposure (Figure 3.1 ). 
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Figure 3 .1. Overall tiered experimental design where original variables are repeated, 

with new, more sensitive variables being added to each subsequent study, beginning with 

the pilot study followed by two phases of subchronic study. 
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3.1.2 Pilot study 

The primary objective of a 6 week pilot study was to establish the appropriate 

method of exposing mink to whole pulp eftluent. It was necessary to ensure that no 

acute toxicity would result from the planned exposure, that any differences from 

exposure to BKME through drinking water alone, or through feed alone would show up, 

and that obvious differences between the sexes in BKME tolerance would be noted. 

Mink were randomly allocated to one of 4 treatment groups (Table 3.1). Water 

consumption was measured daily, and feed consumption recorded. Blood samples were 

taken at 0, 2, 4, and 6 weeks. Testicular measurements were made for baseline values. 



The animals were observed on a daily basis. Assessment of their health status 

and general well-being included; general demeanour and appearance, appetite, 

elimination routine, response to stimuli, body weight, water consumption, hepatic and 

renal biochemical markers, corticosteroids, and necropsy of any dead or euthanized 

animals. 
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Upon completion of the experiment, animals were euthanized by exsanguination 

via cardiac puncture, after anaesthesia with halothane in a closed chamber. Results and 

analysis of the pilot study were used to decide appropriate group sizes, as well as 

exposure and dosage details for the principal study. 

3.1.3 Year one subchronic study 

The subchronic study of Year one was planned to begin at pre-puberty for both 

male and female mink, and span the breeding season, gestation, and lactation for a one 

generational study. This timing would allow the assessment of the effects of the 

challenge diet through the most extreme winter conditions, as well as allowing the direct 

effect on the adults, plus indirect effects on the fetuses and neonates to be observed. The 

study continued until weaning of the kits. 

Mink were randomly assigned to one of two treatment groups (Table 3 .2). 

Mink were observed daily for any behavioural or physical changes, and blood samples 

were obtained every six weeks to monitor biochemical, hematological, and hormonal 

variables. Blood samples were collected from the mink under Ketamine HCl (Rogar 

STB Inc.)/ Xylazine (Bayvet Division Chemagro Ltd.) anaesthesia by anterior venacaval 
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puncture. Body weight was measured as well as biochemical, endocrinological, and 

hematological values. Besides progesterone, prolactin and testosterone levels, 

reproductive studies included observation of normal breeding activity, post-coital semen 

assessment, ultrasound evaluation of implantation and pregnancy, litter size, the number 

of stillbirths, plus neonatal viability and growth rate. 

All animals which died during the study period, or were euthanized at the end of 

the study were necropsied. Bias was minimized by coding the animals before histological 

examination, so the evaluator did not know the treatment received by any particular 

animal. Abnormal findings were graded or ranked and analyzed with the appropriate 

statistical tests. 

All mink diets were formulated to meet or exceed NRC recommended levels for 

nutrition of mink (National Research Council, 1982 ), with additional nutrients added as 

recommended by the Canadian Mink Breeders Association and industry literature (178), 

considering the ambient temperature, and the physiological state of the animals. The fish 

diets included 25% fortified cereal with minerals and vitamins added Appendix E). The 

remaining 75% of the diet was either 'clean' fish from unpolluted waters, or 

'contaminated' fish collected within 6 km downstream from the pulp eftluent discharge 

point. Due to the risks associated with thiaminase in the tissues of some fish species, 

15mg/kg dietary dry matter of thiamine (Hoffinan-La Roche Ltd. Mississauga, ON) were 

added (lOx higher than NRC recommended levels). This was not expected to interfere 

with other physiological parameters since thiamine is water-soluble and readily excreted 

if in excess. Due to the high fat content of fish, (thus the risk of rancidity during frozen 



storage), 30 mg/kg vitamin E (FeedRite Ltd. Winnipeg, MB) were added to the ration. 

3.1.4 Year two subchronic study 
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The second study was then designed to repeat the tests carried out in Year one, 

with the following changes and additions: 

... 20 females, 10 males were used in each of the exposed and control* groups to 

improve confidence in the results, by reducing the effects of biological variation 

on the results. 

* a double control group of 20 females in the same shed, with the same 

management regime, exposed to the same environmental conditions, but on a 

regular ranch mink diet, was used as a standard for reproductive performance, to 

control for nonexperimental factors that could affect reproductive performance. 

the amount offish in the diet was decreased from 75% to 45%, in order to more 

closely approximate natural levels of exposure, and to avoid high fish in the diets 

as a reason for poor reproductive performance. 

15% BKME by volume, was incorporated directly into the feed to overcome the 

problem of lower challenge exposure during times of decreased water 

consumption, i.e., during extremely cold weather. 

immunotoxicological studies on humoral and cell mediated immune function were 

developed to permform in vitro and in vivo investigations of the immune 

response in mink. 



Table 3.1 Pilot study experimental details for the different bleached kraft pulp mill 
eftluent (BKME) treatment groups. 

Treatment Groups 75% contaminated 25%BKME 

fish in diet• in water 

Control ( 4 females,2 males) 

Single factor ( 4 females) + 

Single factor ( 4 females) + 

Both factors ( 4 females,2 males) + + 

a mink diet formulated with 75% fish:25% fortified cereal with added vitamins and 
minerals at NRC (National Research Council, 1982) recommended levels . 

Table 3.2 Year one subchronic study experimental design for exposing mink 
to dietary bleached kraft mill eftluent (BKME). 

Diet Groups n BKME• 25%BKME 
contaminated fish in water 

control - males 5 

-females 10 

BKME- males 5 + + 

-females 10 + + 
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•food contains 75% fish: 25% fortified cereal supplemented with added vitamins and 
minerals at NRC (National Research Council, 1982} recommended levels . 



4.0 PHYSIOLOGICAL, REPRODUCTIVE, AND PATHOLOGICAL 

EFFECTS OF DIETARY BLEACHED PULP MILL EFFLUENT ON 

MINK 

A version of this chapter has been published in the peer reviewed journal 
Environmental Toxicology and Chemistry, November 1995. 

4.1 INTRODUCTION 

The pulp and paper industry world-wide produces varying amounts of effluent 
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which are discharged into the aquatic environment. In Canada alone there are 100 such 

pulp mills (Miller Freeman Publications, 1994 )(Miller Freeman Lockwood-Post, 1994}, 

so the input to receiving waters is substantial. The bleached kraft mill in this study 

releases approximately 110,000 m3 ofbiologically treated effluent into the North 

Saskatchewan River daily. 

Most research into the biological impact of pulp effluent in both field and 

experimental stream exposures has involved aquatic organisms, including benthic 

organisms (Owens, 1991; Berggren et al., 1991 ; National Council of the Paper Industry 

for Air and Stream Improvement. 1989 }, shell fish (Herve and Heinonen, 1991 }, fin fish 

(National Council of the Paper Industry for Air and Stream Improvement. 1989; 

Munkittrick et al., 1991b; Owens et al., 1994; Kloepper-Sams and Benton, 1994}, and 

some birds (Paasivirta et al., 1980; Bellward et al., 1990; Sanderson et al., 1994b; 

Sanderson et al., 1994a). 

In toxicity studies using fish, body burdens of certain pulping compounds have 

been measured, whole-organism effects such as reproductive success have been assessed, 
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and within-organism effects such as gross and histopathological changes, physiological 

or serum biochemical shifts have been appraised (Kovacs, 1986; McCarthy and Shugart, 

1990; Owens, 1991) (section 2.3). 

Attempts have been made to quantify the various toxicants from pulp mill 

eflluent. Such toxicants may affect animals directly by bioaccumulation from the water, 

by biomagnification through the food web~ by environmental transformation, or by 

metabolic conversion of pulping compounds. Compounds that have been measured in 

fish include resin acids, chlorophenols, 2,3,7,8-TCDD, and the extractable organic 

chlorine load. The extractable organic chlorine (EOCl) load has been measured to avoid 

the almost impossible analysis for individual compounds, but it appears that this crude 

measure does not provide useful information regarding biological effects on individuals 

or communities (Craig et al., 1990). The spatial relationship between EOCllevels and 

distance from the discharge point is not consistent between fish species, nor do EOCL 

levels parallel TCDD/TCDF levels in BKME-exposed longnose suckers and mountain 

white fish (Owens et al., 1994). 

Reproductive function in various fish species has been studied at field and 

experimental levels. Increased age to sexual maturity, decreased gonad somatic index, 

absence of secondary sex characteristics in male fish, no increase in egg size with age in 

females, and decreased levels of circulating estradiol and testosterone in mature fish have 

been found (McMaster et al., 1991; Munkittrick et al., 1991b; Munkittrick et al., 1994; 

Van Den Heuvel et al., 1994) but findings have not been consistent among the various 

study sites and species. Early life stages are sensitive indicators of environmental 
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degradation (Sprague, 1974; Leslie and Kelso, 1977; Hansson, 1987). Impacts 

following exposure to bleached kraft mill effiuent (BKME) include spawning failure due 

to changes to reproductive habitat, decreases in: egg numbers, size and hatchability, 

embryo size and growth rate, and larval survival (Karas et al., 1991). Pathological 

changes associated with exposure to effiuent include hepatic fatty change, gill swelling 

and increased gill parasitism (Lehtinen et al., 1984). 

The search for useful bioindicators of exposure, or toxicity due to exposure to 

pulping effiuents has been complicated by the wide range of exposure situations. Several 

studies alluded to, or demonstrated apparent immunosuppression (Axelsson and 

Norrgren, 1991; Servizi et al., 1993). However, for many of the changes described, 

including reproductive changes, there was too much variability between sites to show 

statistically significant differences between exposed and control populations (Swanson et 

al., 1994). Increased levels of serum cortisol, glutathione or mixed function oxidases 

(MFO), indicative of increased detoxification efforts, have been consistent findings in 

wild fish (Lindstrom-Seppa and Oikari, 1990b; Lindstrom-Seppa and Oikari, 1990a; 

Kloepper-Sams and Benton, 1994; Munkittrick et al., 1994; Van Den Heuvel et al., 

1994). Mixed function oxygenase induction as measured by ethoxyresorufin-0-

deethylase (EROD) activity has been found in great blue heron chicks and double-crested 

cormorants (Phalacrocorax auritus) exposed to pulp mill effiuent (Bellward et al., 1990; 

Sanderson et al., 1994b; Sanderson et al., 1994a). Mink experimentally exposed to 

various technical PCB preparations have increased EROD activity (Brunstrom, 1992). 

There is little information on the effects of pulp mill effiuent on mammals. One 
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study in 1959 (McCormick, 1959 ) considered toxicity in cattle exposed to pulp effiuent 

through drinking water. There were no observed effects on weight gain in steers, or on 

gestation and calf survival from cows exposed for eight months. Pulp mill or other 

industry-associated organochlorine compounds have been measured in cetaceans, which 

were found to accumulate mainly 2,3,7,8-TCDF, and fur-bearing mammals which 

accumulated primarily hepta- and acta-substituted PCDDs and PCDFs (Servos et al., 

1994; Elliott et al., 1994; Janz and Bellward, 1994). 

This study was designed to allow a 'top down' assessment of possible effects of 

pulp effiuent on mink. The aim was to expose mink to whole pulp effiuent through their 

drinking water and diets as it may occur in the wild, mink being semi-aquatic top 

predators, and look for physiological, pathological or one-generational reproductive 

effects associated with the exposure. This approach was chosen because it may be more 

ecologically relevant for populations at risk to look at the overall effect of exposure to 

environmental toxicants than to examine the mechanisms of toxicity due to specific 

components within the mixture that is discharged to the environment. 

A pilot study followed by two subchronic-exposure studies were conducted, 

using fish from BKME-contaminated waters, and pure BKME as it enters the receiving 

waters, as the basis of the challenge diet. 

4.2 MATERIAL AND METHODS 

4.2.1 Animals 

Besides their position at the top of the food chain, mink were chosen as the 
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mammalian model because they are amenable to captive rearing, they are known to be 

highly sensitive to other organic environmental toxicants (Wobeser et al., 1976b; 

Bleavins et al., 1980; Kupfer and Bulger, 1982; Aulerich et al., 1985; Hochstein et al., 

1988) and their physiology is well known (Pilbeam et al., 1979; Brandt, 1989). In year 

one, a cohort of 50 subadult pastel (male) or demibuff(female) ranch mink (16 females, 

four males in the 6-week pilot study; 20 females, 10 males in the first eight-month 

subchronic study) were used. Mink were purchased from a commercial mink operation 

in Wetaskiwin, Alberta, Canada. They had been vaccinated with a standard commercial 

combination mink vaccine, Distox PlusR (Bums Biotec, Schering), and were acclimatized 

for a minimum of 1 week prior to exposure to the experimental diet. In the pilot study, 

the animals were housed individually in stainless steel cages (60 em x 43 em x 30 em), at 

17-20° C, 50% relative humidity, with 12 hour light: 12 hours dark, in the Animal Care 

Unit, University of Saskatchewan. In both eight-month subchronic studies, the mink 

were housed in standard steel mink cages with attached wooden nest boxes (20 em x 20 

em x 25 em), under natural light and ambient temperatures on the mink farm. In the 

second eight-month subchronic study in year two, 40 demibuff females which had 

weaned at least four kits the previous season, and 20 subadult black male cohorts were 

used. 

4.2.2 Diet 

Diets were formulated to meet or exceed National Research Council 

recommended levels for nutrition of mink (National Research Council, 1982 ), with 

additional nutrients added as recommended by the fur industry (178), considering 
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ambient temperatures and physiological state of the animals. Diets were formulated to 

provide similar levels of protein, fat and carbohydrate. Although the BKME-exposed fish 

generally had higher fat content than control fish, (based upon analysis of the fish at the 

feed testing laboratory, University of Saskatchewan), the adjusted fat levels of the final 

diets were within 1.5% of each other. 

The diets for the pilot and first subchronic studies contained a ground mixture 

containing 75% whole fish, and 25% fortified cereal with minerals and vitamins added 

Appendix E). Due to marked weight-loss during the winter of the first subchronic study, 

and concerns that it was related to the very high levels of fish, dietary formulations were 

adjusted. Thus, in the second subchronic study, the diets were formulated with 45% 

whole fish, with 55% cereal with minerals and vitamins, beef and poultry offal. 

Softwood-run BKME, 3 0 ml per 150 g of food, added at the level of 15% to the 

complete ration, was incorporated into the contaminated diet of the second study to 

make up for greatly decreased water consumption by the mink during extremely cold 

weather in the first subchronic study. Antioxidant, (200 ppm ethoxyquin 66.6%, Davis 

and Lawrence, Division of Canada Packers, Toronto, ON.), was added to all feed. 

Because of the use of raw thiaminase-containing fish species such as sucker, 2 mg 

thiamine HCl (Hoffinan-La Roche Ltd. Mississauga, ON.) was added daily, as top 

dressing to each ration. Dietary thiaminase can cause quickly fatal central nervous system 

pathology in mink (Jubb and Huxtable, 1993). 

Diets of the control groups were based upon "uncontaminated fish" caught in 

Saskatchewan lakes or reservoirs not receiving municipal or industrial eftluent. The 
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exposed groups' diets were based upon "contaminated fish" collected within 6 km 

downstream from the discharge point of a bleached kraft pulp mill on the North 

Saskatchewan River, 20 km east of Prince Albert, Saskatchewan. Various species of 

sucker Catostomus commersoni, C. catostomus, and redhorse sucker, C. moxostoma 

macro/epidotum made up greater than 50% of the fish in both control and contaminated 

diets. The balance consisted of lake whitefish (Coregonus c/upeajormis), walleye 

(Stizostedion vitreum), sauger (S. canadense), goldeye (Hiodon a/osoides) and northern 

pike (Esox lucius). 

Samples of the composite diets based upon both control and BKME-exposed fish 

were analyzed for various dioxin and dibenzofuran congeners at the Canada Centre for 

Inland Waters, Environment Canada. White sucker and walleye collected in 1987 and 

1988 from the same site on the North Saskatchewan River as the fish in this study, had 

levels of2,3,7,8-TCDD of ~8.0 pg/g (1987), ~ 1.6 pg/g (1988) in their tissues, and 

2,3,7,8-TCDF of17 pg/g (1987), 5.7 pg/g (1988) (Saskatchewan Environment and 

Resource Management, 1989 ). 

Drinking water was either municipal tap water (control groups), or tap water to 

which 25% BKME as it enters the discharge pipe from the secondary treatment pond 

into the river (exposed groups) had been added. 

The bleached kraft mill in this study is based on modem bleaching technology. A 

Kamyr 2 vessel continuous digester is used. All the hardwood comes from aspen, while 

the softwood comes from 50% jackpine and 50% spruce. The present processes have 

been in place since before the 1992 and 1993 fish and eflluent collections for this study. 
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The bleaching sequence for hardwood runs uses 80% chlorine dioxide (ClOJ, 20% 

elemental chlorine, and that of softwood uses 72% Cl02, 28% elemental chlorine. The 

total extractable organic chlorine (TOCl) required for the bleaching sequence is 65 

kg/Tonne and 95 kg/ Tonne, for hardwood and softwood pulp respectively. The caustic 

extraction process uses 2.5 kg/Tonne and 5 kg/Tonne oxygen, for hardwood and 

softwood respectively. Black liquor is the spent cooking liquor in which the wood chips 

have been cooked to solubilize lignin and free the cellulose fibers. All black liquor is 

incinerated in a recovery boiler, the resultant inorganic compounds being dissolved and 

reused. Bleaching washer efficiency for the operation is approximately 60%. The kappa 

number (which provides a quantitative measure of the residual brown lignin) of the 

brownstock from the mill is approximately 15 for hardwood and 3 7 for softwood. 

Biological treatment of the eftluent involves an eight-day residence time in a 1 x 106 m3 

aerated lagoon before it is discharged to the river. During the autumn collection periods 

in 1992 and 1993, the average biochemical oxygen demand (BOD) of the eftluent after 

secondary treatment was 15-18 mg/L, and 20-30 mg/L respectively, and the adsorbable 

organic halide level (AOX) was 18 mg/L, and 12 mg/L respectively. Resin acid levels 

were 116 ~giL and 85 ~giL in September and October 1992 respectively, remaining at 

levels~ 160 ~giL in 1993 collections. Fatty acids averaged 63 ~giL and 77 ~giL in 

September and October 1992, and ranged between 100-300 ~giL in the 1993 collections 

(Weyerhaeuser Canada, Prince Albert Pulp and Paper -Technical Department Reports, 

1993). 

4.2.3 Experimental design 
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Pilot Study 

The six-week pilot study consisted of four treatments. Sixteen female mink were 

randomly allocated to one of four groups; 1) tap water, uncontaminated food, 2) tap 

water, contaminated food, 3) contaminated water, uncontaminated food, 4) 

contaminated water, contaminated food. Two males were included in each of groups 

one and four. 

At time zero (baseline), two, four and six weeks, the animals were weighed and 

blood samples were collected. At the end of the study, mink were anaesthetized in a 

closed chamber with 5 ml halothane soaked into a cotton swab, and euthanatized while 

under anaesthesia, by exsanguination through cardiac puncture. Animals were 

necropsied and tissues collected for histological examination. 

Year One Subchronic Study 

Twenty female and 10 male mink were randomly allocated to either control 

(uncontaminated food and water), or exposed (BKME-contaminated food and water) 

groups. Mink were exposed to the experimental diets for approximately eight months, 

beginning in October (prepuberty), and ending after the breeding season (April) (males) 

or weaning (June) (females). Animals were weighed and blood samples for 

hematological, biochemical and hormonal analysis were taken every six weeks. 

Reproductive performance in males was assessed through testicular morphology, 

libido (breeding), post-coital semen analysis, and kit production. In females, 

reproductive performance was assessed on the basis of presence of estrus (acceptance of 

the male), pregnancy (diagnosed by transabdominal ultasound), length of embryonic 



diapause, number and weight of kits born, kit swvival and growth to weaning. At the 

end of the study, all adult mink were euthanatized as described above. The mink were 

then necropsied, and tissues collected for histological examination. 

Year Two Subchronic Study 
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Forty female and 20 male mink were randomly allocated to either the control or 

contaminated-diet groups. Clinical, physiological and reproductive variables were 

assessed as described in the first two studies, except that blood samples were taken and 

body weights were measured at 10 week intervals, and kits were monitored until 14 days 

of age. Samples of liver, 2 to 3 g, were collected from the quadrate, caudate and right 

lateral lobes, placed into cryovials and frozen in liquid nitrogen for :MFO analysis. 

Necropsies were conducted on all mink as described above. 

4.2.4 Blood collection 

Mink were anaesthetized with a mixture of 1.8-2 mglkg ketamine HCl (Rogar 

STB Inc. London, ON) and I mglkg xylazine HCl (Bayvet Division Chemagro Ltd. 

Etobicoke, ON), injected intramuscularly. The anaesthetized mink were placed in dorsal 

recumbency with the chin extended, the body straight and symmetrical. The base of the 

neck and over the point of the manubrium was soaked with alcohol, the notch between 

the manubrium and first rib was palpated, and the blood collection needle (25g 2 em for 

females, 23g 2.5 em for males), was inserted, angled shallowly and advanced towards the 

opposite hip with gentle suction until the anterior vena cava was punctured, allowing 

blood to flow into the syringe. 

4.2.5 Physiological studies 
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Food and water consumption, and demeanour were observed daily. 

Hematological, biochemical, and hormonal variables were measured from the peripheral 

blood samples collected. Hematological values were determined using a Coulter S Plus 

IV analyzer, (Coulter Electronics Inc. Hialeah, FL); serum biochemistry values were 

determined using an Abbott Spectrum series II analyzer (Abbott Laboratories Ltd. 

Abbott Park, IL ). 

Serum cortisol was determined using the validated fluorescence polarization 

immunoassay (TDx System, Abbott Laboratories, Mississauga, ON) described by 

Kingsbury and Rawlings (1993). The sensitivity of the assay was 10 nmol/L, the assay 

blank was not different from zero, and the standard curve was 69 to 1656 nmol/L. The 

interassay coefficients ofvariation (COV) for reference sera were 11.3% and 8.5%, with 

mean values of 3 7 and 114 nmol/L respectively. 

Prolactin was measured from duplicate 100 J.Ll aliquots of mink serum as follows. 

A double-antibody radioimmunoassay was based upon purified dog prolactin (AFP-

2451B) and guinea pig anti-canine prolactin antiserum (AFP-1062091). The specificity 

was established by validation studies using mink serum which resulted in parallel 

displacement of 1251odine-labelled dog prolactin. The standard curve ranged from 2 to 

80 ng/ml. The sensitivity of the assay was 2 ng/ml serum. Intra- and interassay COY 

were 4.6% and 8.8% (mean 4.88 ng/ml serum) respectively for the pilot and Year one 

studies. The intra-assay COVfor the triplicate samples was 9.5% for the Year two study 

(mean 9.14 ng/ml). 

Serum testosterone was measured by a radioimmunoassay modified by Cook et 
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al. (1982) as follows. Standards (0.04 to 10 ng/ml) were prepared in charcoal stripped 

castrate serum. Fifty Ill aliquots of sample and standard sera were analyzed directly after 

treatment with 200 Ill of0.1% P-mercaptoethanol (Sigma Chemical Co. St. Louis, MO) 

in the assay buffer. Antiserum and titrated testosterone tracer were added, the bound 

and free portions being separated using a charcoal separation technique. The sensitivity 

of the assay was 0. 03 ng/ml. All samples were analyzed in one assay with intra-assay 

COY of 13.3% and 13.5% for reference sera, with means of 1.44 and 0.77ng/ml, 

respectively. 

Serum progesterone, only measured in the Year one females, was determined 

using a polyclonal antibody against progesterone following the validated 

radioimmunoassay technique by Rawlings et al. ( 1984). The range of the progesterone 

standard curve was 0.1 to 10 nglml, the sensitivity ofthe assay was 0.03 nglml serum. 

Intra-assay COY for the low and high reference sera was 13% (mean 0.83 nglml serum) 

and 8.5% (mean 3.7 ng/ml serum), respectively. 

Liver samples, which had been stored at -70° C, were thawed on ice, minced and 

homogenized in KCl-HEPES (N-[2-hydroxyethyl]piperazine-N' -[2-ethane-sulfonic 

acid]) (Sigma Chemical Co. St. Louis, MO) and analyzed for ethoxyresorufin-0-

deethylase (EROD) activity following a standardized spectrofluorometric method 

described by Hodson et al. (1991) with one exception; the incubation bath for the EROD 

assay was carried out at 3 7° C for mammalian tissue rather than 25° C as for fish. 

4.2.6 Reproductive studies 

In both subchronic studies, there were four breeding groups: half the females 
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from each of the exposed and control groups were bred to exposed males, while the 

other half were bred to control males. Testicles were measured at their largest diameter 

before the experimental diets were introduced (i.e., before puberty for young-of-the-year 

mink), in early winter (Year one only) and again in mid-February just before breeding 

season. Libido and estrus were judged acceptable if the animals achieved (male) or 

accepted (female) intromission. Semen, collected from the vagina immediately post

breeding was examined for viability and motility using 40X magnification on a light 

microscope. Pregnancy diagnosis was attempted using a combination of serum 

progesterone levels post-breeding and transabdominal ultrasonography using a 7.5 MHz 

linear-array transducer connected to a B-mode scanner, (Atoka SSD-500, Overseas 

Monitor Corporation Ltd, Richmond, BC). Litter sizes were determined on day one, and 

at weaning (first subchronic study) or day 14 (second subchronic study). At this time, 

the litters were weighed and average kit weights calculated, to reflect lactation by the 

dams. 

4.2. 7 Evaluation for pathology 

At the time of gross necropsy examination, liver, spleen, kidneys, adrenal glands, 

and gonads (testicles including the head, body and tail of epididymis) were weighed. 

Tissues, including brain (pilot study), thyroid gland, thymus, lungs, heart, liver, spleen, 

kidneys, adrenal glands, ovaries/testicles, uterus, mammary gland, stomach, duodenum, 

ileum, colon, pancreas, mesenteric lymph node, skeletal muscle, peripheral (sciatic) 

nerve, and skin were preserved in I 0% neutral buffered formalin (VWR-Canlab, 

Edmonton,AB ), processed routinely, sectioned at 5 ~m, and stained with hematoxylin 
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and eosin (WCVM histology laboratory) for histological examination. All mink were 

given random identification code numbers and slides were examined without knowledge 

of the animal of origin, to avoid bias during the histological examination of the cases. 

The prevalence of any change described was the number of affected animals with that 

particular lesion compared to the total number of animals examined in the group. In any 

tissues that showed a consistent pattern of change, each mink's tissues were evaluated 

according to the categories described for that organ. Not all tissues showed lesions or 

changes frequently or consistently enough to be considered possible treatment-related 

effects. Histopathologic ranking of hepatic changes included periacinar, midzonal or 

diffuse vacuolation, pericholangitis, periportal hepatitis, multifocal hepatitis and lipocyte 

density. Renal histopathology was ranked according to the presence and severity of distal 

and proximal tubular and/or collecting duct vacuolation, interstitial inflammation, ceroid 

pigment within tubular epithelium, and medullary mineralization. Spleens were evaluated 

according to the number of periarteriolar lymphoid sheaths per cross-section, follicular 

and germinal centre activity, and the amount of erythropoiesis in the red pulp. Lungs 

were described and ranked based upon perivascular and bronchial-associated 

inflammatory response, presence and degree of bronchiolitis and interstitial pneumonia. 

Histolopathology was assessed separately for males and females. Patterns of 

change in any tissue were ranked according to their severity (mild, moderate, severe), or 

presence (+present, -absent). In Year two, the tissues selected for histopathological 

examination were based upon results obtained in the pilot and first subchronic studies. 

Thus, mammary gland, skeletal muscle, peripheral nerve, stomach, and colon were not 
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examined in the second subchronic study. In order to determine the precision (or 

reliability) of the pathologist's ranking system, the tissues were examined twice with the 

pathologist being unaware of either the treatment group of the case being examined, or 

the first score. The level of agreement of this system was 90-92%. 

If a difference was suspected given the numbers affected in the two groups, the 

data were analyzed using a Chi-square test. 

4.2.8 Statistical analyses 

Data from males and females were analyzed independently using SPSS-X® 

(McGraw-Hill Book Co. New York, NY). Hematological, biochemical, hormonal, organ 

somatic index, EROD activity, and body weight data were analyzed by one-way analysis 

of variance. Reproductive performance, i.e., litter size, kit weight, kit survival and 

growth rate, was compared by one-way analysis of variance followed by a Duncan's 

multiple range test among the four breeding groups. Differences in histopathological 

findings between treatment and control groups were compared in year one using a 

Median test and Kruskal-Wallis one-way ANOVA for ranked data, while year two data 

were analyzed using a Chi-square test. 

4.3 RESULTS 

4.3.1 Diets 

Both control and contaminated fish-based diets contained non-detectable levels 

of2,3,7,8-TCDD and total TCDD (detection limits 0.5 pg/g). Levels of2,3,7,8-TCDF 

were ~0.5 pg/g and~ 1.1 pg/g in control and contaminated food, respectively. Residue 



levels ofoctachlorodibenzo-p-dioxin (OCDD) were ~12.5 pg/g and~ 7.6 pg/g in 

control and contaminated food, respectively, while octachlorodibenzofuran (OCDF) 

levels were ~ 1.2 pg/g and 1.5 pg/g in control and contaminated diets, respectively. 

4.3.2 Behaviour, Growth, Morbidity and Mortality 
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There were no perceptible differences in behaviour among BKME-exposed and 

control mink with all animals continuing to eat and behave normally throughout the three 

trial periods. Appetites were considered to be normal if most or all the daily feed ration 

was consumed by the next feeding time. Behaviour was considered normal if the mink 

showed interest at feeding time, and escape or aggressive behaviour when handled. 

Body weight profiles confirmed similar food consumption patterns in the two groups. 

At the end of the pilot study, all groups had gained weight, and the body weights were 

not different from each other. The only difference between control and exposed group 

body weights in the three studies (Table 4.1) was in the second subchronic study, in 

which exposed males weighed more than control males. In the second subchronic study, 

one male in the exposed group was anorexic and lethargic for over one week in the 

beginning ofF ebruary. There were deaths of male and female mink in both treatment 

groups in the first subchronic study, during several weeks of extremely cold weather (-

30°C to -40°C) in December/January 1992/93. 

4.3.3 Evaluation of Pathology 

No pattern of pathological change was seen during the gross necropsies of the 

mink in any study. In the pilot and first subchronic studies, both a Median test and 

Kruskal-Wallis one-way ANOVA were applied to ranked histopathological data 



described in the materials and methods. There was a trend for male and female control 

mink to have increased prevalence and severity of gastritis, while the exposed mink 

tended to have more pulmonary changes, but neither of these changes could be 

unequivocally related to exposure to BKME. 
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In the Year two subchronic study, the exposed males had increased splenic 

erythropoietic activity compared to the control males (p=0.01) (Appendix B.11). This 

parallelled the higher, although not significantly different, red blood cell (RBC) count 

and hemoglobin levels of exposed males at the end of the study. The livers of exposed 

males had more (p=O. 01) hepatocellular vacuolation than did the control male livers 

(Appendix B.9). Atrophy of hepatic cords was more prevalent in the control group (6 of 

10 versus 2 of 10 animals) although this difference was not significant (p=0.08) 

(Appendix B.9). There were no histopathological differences between exposed and 

control female mink. 

4.3.4 Organ somatic indices 

There were no differences in organ somatic indices (organ weight + body 

weight) between exposed and control groups in the pilot and first subchronic studies. 

The control males in the first but not the second subchronic study, showed a trend 

towards a larger gonad somatic index (p=0.08). In Year two, the somatic indices were 

calculated using the carcass (body with thoracic and abdominal viscera removed) rather 

than body weight, thus avoiding detection of differences between treatment groups due 

to specific changes in the organs of interest which would affect total body weight. The 

liver somatic index (LSI) of the exposed (2.98) and control (2.68) males was 
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significantly different (p=0.007). The exposed females also had a larger LSI (3.8 vs 

3.2) but the difference was not significant. The spleen somatic index (SSI) was elevated 

in the exposed (0.40) compared to the control (0.33) females, but not significantly so 

(p=0.09). 

4.3.5 Hematology and serum biochemistry 

In the pilot study, there were few significant differences in hematological or 

serum biochemical variables (Table 4.3), and none in hormonal variables among the four 

groups. 

In the Year one subchronic study (Table 4.2), there were differences between 

exposed and control females at various times for the following: time zero- lymphocytes, 

urea and albumin; week six- lymphocytes, albumin. The Year one subchronic study 

males also showed differences for the following hematological and biochemical variables: 

time zero- albumin; week 26- RBC, creatinine, y glutamyl tranferase (GGT). Except 

for the female control group's lymphocytes which were slightly below the normal range 

at week six only, all the values fell within normal ranges for mink (Brandt, 1989). In the 

Year two subchronic study (Table 4.5) different values were seen between exposed and 

control females for the following: time zero-white blood cells (WBC), lymphocytes, 

urea, and creatinine; week 16 - white blood cells, neutrophils, protein, urea, and creatine 

kinase (CK); week 26- urea. With the males of this study (Table 4.6), differences 

between exposed and control groups were; time zero-lymphocytes; week 16 - WBC, 

PCV, and urea; week 26 urea, protein and creatinine. Urea, which was different at all 

three times in females, was higher in the exposed group at weeks zero, and 16, but 



higher in the control group at week 26. As in Year one, these variables all fell within 

normal reference ranges for mink (Brandt, 1989). 
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Exposed males had apparent stimulation of their erythrocyte production, based 

upon both increased splenic erythropoietic activity (second subchronic study )(Appendix 

B.11) and increased RBC count in Year one (Table 4.4). There was a greater increase in 

both RBC and hemoglobin (HGB) in the exposed males over the 26 week study 

compared with control males. The exposed males had RBC counts of7.4 to 9.1 x 1012/L, 

and HGB levels of0.156 to 0.181 mmoi/L. The control males had RBC counts of8.2 to 

8. 7 x 1 012/L, with HGB levels of 0.163 to 0.173 mmoi/L. Both groups of males were 

beginning to increase body weight after the midwinter/ breeding season stress-associated 

weight loss as well. Thus, males on the BKME diet had more evidence of the anabolic 

processes described above than did the control males. 

4.3.6 Ethoxyresorufin-0-deethylase induction 

The BKME-exposed mink had greater EROD activity than did the control mink 

(Table 4.7). The exposed females' EROD activity was 1.8 times greater, and the 

exposed males' EROD activity was 2.0 times greater than their respective control group. 

4.3. 7 Reproductive performance 

Testicular development, assessed by change in diameter, was not different in 

either year between treatment and control groups. Some of the unsuccessful breeders in 

Year one had conspicuously deficient testicular development, ~ 1. 5 em compared to >2 

em in the successful breeders. In spite of adequate testicular development for three of 

four control males, only one bred normally. 
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In the Year two subchronic study (Table 4.8), all the males bred normally, but 

one exposed male failed the post-coital sperm evaluation and was excluded from further 

use. This mink had been off feed and was clinically depressed in the beginning of 

February, just weeks before the breeding season. 

In the Year one subchronic study, the number of early pregnancies, determined 

using a combination of ultrasonography and serum progesterone levels, was not different 

between the groups (exposed mink - seven of a total of nine pregnant; control mink - six 

of a total of nine pregnant). 

Viable litters (kits born alive with average body weights ~8.4 g) born in each 

breeding group, in Years one and two, respectively, were: (viable litters/number of 

females in that group) exposed males x exposed females - 1/5, 9/1 0; exposed males x 

control females- 2/4, 9/10; control males x exposed females- 2/4, 9/10; control males x 

control females- 2/5, 10/10. 

There was no significant difference in reproductive performance among the four 

breeding groups in the first or second year, although overall reproductive success in the 

second subchronic study, using sexually mature, experienced females, was much better 

(Table 4.8). 

Reproductive variables related to kit production in the second subchronic study 

are presented in Table 4.9. The only difference among the four breeding groups was in 

the kit birth weights from control females mated with exposed males. These kits 

weighed significantly more than kits from the other three groups (p=0.01). This greater 

birth weight was reflected in higher kit weights at two weeks as well, which is expected 



58 

with smaller litter size. Larger kits can have longer birthing times, so the increased litter 

size at two weeks in this group was a function of all the kits not having been born when 

the litter was first counted. 

Only in the control female x control male group did all 10 females bear live 

litters. This group also had the largest number of kits per litter (6.3) (Table 4.9), which 

was 0. 7 to 1. 9 kits more than the other three groups. If barren females are not included 

in calculation of average litter size, the differences are less obvious, with only the two 

groups bred to treatment males having noticeably smaller (0.5 to 1.3) litters. None of 

these differences was statistically significant. 

4.3.8 Endocrine measurements 

Cortisol levels were statistically different between exposed and control females in 

the Year two chronic study (Table 4.10) at times zero and 16 weeks, but all levels 

remained below the normal range described for mink (Valtonin, 1989). For both sexes, 

cortisol levels remained within a basal range, increasing at the time of the final sampling 

(end of the breeding season for males or midlactation for females). Prolactin in the males 

of Year two was significantly different at time zero, but this difference disappeared by 

the next sampling. For both sexes in both subchronic studies, prolactin levels were 

highest at week 26. 

There was no difference in testosterone level at any time between exposed and 

control males in either year, and the levels were highest near the breeding season, (mid

February- week 16) as expected in mink (Boissin-Agasse and Boissin, 1979). 
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4.4 DISCUSSION 

4.4.1 Body weight 

Both groups of males had increased body weight after the midwinter/ breeding 

season weight loss. The exposed males gained more weight than did controls. Females 

at the end of the subchronic studies in Years one and two had the same anabolic trend in 

RBC as did males, although the differences between control and exposed mink were not 

significant. Exposed mink ofboth sexes in both subchronic studies maintained body 

weight better during the coldest part of the winter than did control animals. Fish 

exposed to pulp eflluent have higher condition factors and fat stores than those from 

reference sites. This is proposed to be related to lower reproductive effort and metabolic 

disruptions (Munkittrick et al., 1991b), or nutrient enrichment in the BKME-affected 

environment (Swanson et al., 1994). Exposure to pulp eftluent stimulates increased 

growth in mayflies. This is speculated to be due to either enhanced nutritional quality as 

well as quantity, or stimulation of a growth-like hormone, or possibly a hormetic effect 

(Lowell et al., 1995). With the mink, there is no clear explanation for the improved 

midwinter weight maintenance of the BKME-exposed groups observed in both 

subchronic studies. Daily food consumption of each mink was not measured, because 

animals were offered feed to demand, or, until there was a bit left over between feedings. 

Similar to findings previously described, the BKME-exposed fish in this study had 2% to 

5% higher fat content than did the fish from reference areas. The diets, however, were 

formulated so the final fat levels were within 1.5% of each other. 



4.4.2 Pathology 

The only difference in pathological changes detected between groups in the 6-

week pilot and Year one 8-month study was the presence of gastritis in the control 

groups. The feed of the control groups in Year one was prepared in a different grinder 

than the contaminated feed. It was visibly more coarsely ground, and may have 

traumatized the gastric mucosa of the control mink. 
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Spleens of exposed females had a larger number oflymphoid follicles, but the 

intensity of follicular activity was no greater than that of the control group, indicating 

that increased immunological stimulation and proliferative response was not the reason 

for the larger SSI. There was also no difference in the packed cell volume, or number of 

RBC between the groups, excluding the possibility of an increase in the splenic red pulp 

compartment of the mink exposed to pulp effiuent. The observed difference in SSI may 

simply be due to natural biological variation. 

4.4.3. Hepatic enzyme induction 

The larger relative size of livers in exposed males was likely due to an increase in 

size of hepatocellular organelles, such as smooth endoplasmic reticulum, which are 

involved in detoxification. Although induction of monooxygenases can occur in 

extrahepatic tissues, their major activity and highest concentrations are found in 

hepatocytes. Here their activity promotes the biotransformation of xenobiotic 

compounds (Sipes and Gandolfi, 1986). The continuously stimulated hepatocellular 

synthetic activity, plus the increased cytoplasmic vacuolation (thought to be due to 

increased glycogen) in exposed male mink of the second subchronic study, resulted in 
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variably increased hepatic size. The hepatocellular vacuolation was decreased in the 

control males during their more marked winter weight loss. Increased LSI has been a 

common but not predictable finding in fish exposed to pulp efHuent (McMaster et al., 

1991; Kloepper-Sams and Benton, 1994; Munkittrick et al., 1994). Many factors affect 

the extent to which xenobiotics are biotransformed, including species, strain, sex, age, 

nutritional and disease status of the host, the inducing agent, and the dose and duration 

of exposure. These in tum affect the type and degree of hepatic response in exposed 

individuals. A maximum two to three-fold enhancement ofP-450-dependant 

monooxygenase (including EROD) activity has been a consistent finding in adult mink 

exposed to various xenobiotics (Brunstrom, 1992). It is possible that the EROD activity 

increase seen in this study represents the maximal response possible in mink. Because 

there were minimal signs of toxicity from BKME-exposure in the mink in these studies, 

there appears to be adequate detoxification of the comp~unds present. 

4.4.4. Hematology and serum biochemistry 

The BKME-exposed males had an increased RBC count (first subchronic study), 

and greater rises in RBC and HGB levels in the second subchronic study, with respect to 

control males. This increased RBC production was evident histologically as increased 

splenic erythropoietic activity (Year two). Some researchers have reported elevated 

RBC levels in fish (McLeay, 1973; Andersson et al., 1988), including eels (Anguilla 

anguilla) (Santos et al., 1990) exposed to BKME, which are thought to be related to 

efHuent-related hypoxic conditions. This change was not seen in a recent multiyear 

study of several BKME-exposed and reference fish populations (Kloepper-Sams and 
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Benton, 1994). 

There were a few other differences in hematological and biochemical variables in 

the BKME-exposed mink. However, the differences were neither consistent among the 

studies nor at different times of sampling within each study. These differences were not 

considered to be clinically significant. 

4.4.5. Endocrine effects 

Hormone levels in the study mink are consistent with those found in normal 

mink. During the annual cycle, prolactin levels reach a sustained peak between April and 

July, after which they begin to decline until the following spring (Martinet et al., 1981). 

Progesterone levels were only measured in year one. Because they were not expected to 

rise until pregnancy, random samples were taken from the exposed and control females 

at pre-gestational sampling times. The high progesterone concentrations in week 22 were 

within normal range for pregnant mink (Pilbeam et al., 1979). The reproductive 

dysfunction reported at some sites in pulp effiuent-exposed fish that is mediated through 

decreased levels of circulating sex steroids was not evident in these mink, although 

effects on future generations have not been explored. 

4.4.6. Reproductive effects 

In the Year one subchronic study, the male and female mink used were 

inexperienced (young-of-the-year), as were the managers. This probably played an 

important role in the poor breeding performance that was seen. Other confounding 

factors encountered in mink reproduction include a wide range in litter size (two to I 0 

kits), a variable and complex gestation with delayed implantation, i.e., embryonic 
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diapause (in the first subchronic group it ranged from 15 to 52 days), and a high level of 

infertility in mink, (infertility has been reported in up to 20% of males (Tung et al., 1981) 

and 11% of females (Jorgensen, 1985)). The sample size in the first subchronic study 

was inadequate to detect possible differences in reproductive performance due to 

exposure to BKME. In the second year, therefore, the number of animals was doubled, 

and the females had weaned at least four kits the previous year. This reduced the 

uncontrolled factors that had interfered with reproductive outcome in Year one. 

The kit production by the experimental mink was compared with that of 75 other 

ranch mink housed in the same shed, receiving the same general management and 

exposed to the same environmental conditions. The 14 day litter sizes for the ranch 

control mink and experimental population respectively, were 6.1±1.3 and 5.8±1.6, while 

the average kit weights at this time were 74.5±9.2g and 74.1±10.6g. The experimental 

control mink at 14 day had notably larger litters (6.3±0.3) of smaller kits (71.4±2.0), 

compared with the ranch control mink. The average birth weight of the kits in all groups 

was considerably higher than the accepted 'viable' weight of8.4 g (W.J. Hadlow personal 

communication). Both groups of mink had litters similar to those in commercially 

farmed mink in Scandinavia (5.0 kits) (Clausen et al., 1992), or those which had been 

selected for improved litter size (5.3 kits) (Lagerkvist et al., 1993), and considerably 

larger than the average litter size at four weeks (3. 4 kits) of farmed mink in Argentina 

(Martino and Villar, 1990). 

Although no negative effects on reproduction were detected, the largest average 

litter size was in the control male X control female breeding group. The mink on the 



contaminated diets did maintain body weights better during the coldest part of the 

winter, when compared to control mink. 
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There is no evidence that dietary exposure to BKME in the manner described in 

this study has a detrimental effect on the pathological, behavioral, biochemical, 

hematological, or reproductive variables studied in mink, although it does stimulate the 

hepatic detoxification activity. Compounds in the effiuent could be causing more subtle 

effects such as changes to immune function, or the fitness of subsequent generations. 

Effiuent-contaminated habitats may be avoided by wild semi-aquatic mammals, or may 

be affected in ways not detectable by studies on captive animals. 
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Table 4. 1 Initial and final body weights (grams±SD) of control and bleached kraft mill eflluent (BKME)-exposed mink in the 
pilot study, Year one and Year two subchronic studies 

weight diet pilot Year 1 Year 1 Year2 Year2 

n females n females n males n females n males 

initial control 4 1023±63a 11 903±104 5 1508±178 20 1180±193 10 2150±126 

BKME 4 1072±153b 

4 1173±57c 

4 1101±80d 10 946±127 5 1506±114 20 1161±144 10 2205220 

final control 4 1103±90a 9 1060±128 4 1587±125 20 1041±103 10 1515±243 

BKME 4 1183±133b 

4 1240±78c 

4 1177±48d 9 1076±210 3 1503±27 20 1079±165 10 1740±239* 

• food and water contain no BKME. 
b food contains 75% BKME-contaminated fish. 
c water contains 25% BKME. 
dfood contains 75% (1st subchronic), or 45% BKME-contaminated fish, 15% BKME (2nd subchronic); water contains 25% BKME. 
*probability ofno treatment effect using one-way ANOVA (p=0.05). 
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Table 4.2 Comparison of those hematological and biochemical variables (mean±SD) in 
which there were differences between bleached kraft mill eftluent (BKME) 
exposed and control female mink (Pilot Study) based upon one-way analysis of 
vanance. 

diet week2 p week4 week6 p value 
value 

lymphocytes (109/L) I a 3.I0±0.83 

2b 3.66±1.77 

3c 7.44±3.08 0.03 

4d 3.42±1.16 

urea (mmol/L) I 5.75±1.30 

2 I0.68±2.60 0.04 

3 8.78±3.09 

4 6.78±1.59 

creatinine (Jlmol/L) I 77.8±11.8 58.5±3.I 

2 63.5±5.9 0.02 62.2±5.8 

3 62.5±7.5 0.02 55.5±7.0 

4 57.8±3.6 0.02 70.5±7.3 

a control food and water contains no BKME. 
b food contains 75% BKME-contaminated fish. 
c water contains 25% BKME. 
d food contains 75% BKME-contaminated fish, water has 25% BKME. 



Table 4.3 Comparison of those hematological and serum biochemical variables (mean±SD) in which there were differences 
between bleached kraft mill eftluent (BKME) exposed and control female mink (Year one subchronic study) based 
upon a one-way analysis of variance 

variable diet wkO p valuee wk6 p value wk26 p value 
n=l0c,9d n=9,10 n=9,9 

lymphocytes ( 109 /L) I• 1.27±0.66 0.99±0.69 

2b 2.30±1.02 0.014 1.99±0.86 0.013 

urea (mmol/L) 1 5.9±2.2 

2 9.0±2.2 0.005 

albumin (giL) 1 35.8±2.2 37.7±1.9 

2 33.3±2.2 0.016 34.0±2.8 0.004 

• control food and water with no BKME. 
b food contains 75% BKME-contaminated fish, water contains 25% BKME. 
c number of mink on control diet. 
d number of mink on BKME diet. 
c probability of no treatment effect. 
RBC= red blood cells, GGT= y glutamyl transferase. 
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Table 4.4 Comparison of those hematological and serum biochemical variables (mean±SD) in which there were differences 
between bleached kraft mill effiuent (BKME) exposed and control male mink (Year one subchronic study) based 
upon a one-way analysis of variance 

variable diet wkO 
n=5c.5d 

albumin (giL) 1a 34.8±1.3 

2b 36.2±0.5 

RBC (1012
) 1 

2 

creatinine (JtmoVL) l 

2 

GGT(U/L) 1 

2 

• control food and water with no BKME. 

P value0 

0.053 

wk26 
n=3,4 

8.14±0.80 

p value 

9.46±0.25 0.043 

75.75±585 

51.67±12.01 0.016 

6.00±0.82 

1.33±1.53 0.003 

b food contains 75% BKME-contaminated fish, water contains 25% BKME. 
c number of mink on control diet. 
d number of mink on BKME diet. 
c probability of no treatment effect. 
RBC= red blood cells, GGT= yglutamyl transferase. 
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Table 4.5 Comparison of those hematological and senun biochemical variables (mean±SD) in which there were differences 
between bleached kraft pulp mill eftluent (BKME) exposed and control female mink (Year two subchronic study) 
based upon one-way analysis of variance 

females diet wkO p valuec wk16 p value wk26 p value 
n=20c:,19d n=20,20 n=20,20 

WBC (109/L) 1. 4.10±1.59 4.85±2.60 

2b 6.49±2.98 0.003 9.26±6.45 0.034 

PMN (109/L) 1 4.38±1.87 

2 7.43±5.73 0.029 

lymphocytes ( 109 /L) 1 1.21±0.53 

2 2.93±2.24 0.002 

protein (giL) 1 67.7±4.7 

2 72.2±7.6 0.031 

urea (mmol/L) 1 7.11±2.76 5.88±1.78 12.48±3.59 

2 9.52±2.23 0.004 9.04±2.66 0.011 10.30±2.25 0.027 

creatinine (Jtmol/L) 1 63.4±11.4 

2 56.8±8.0 0.042 

CK (U/L) 1 1312±530 

2 887±441 0.009 

• control food and water with no BK.ME. b food contains 45% BK.ME-contaminated fish, 15% BKME; water contains 25% BKME. 
c: number of mink on control diet. d number of mink on BKME diet. c probability of no treatment effect. 
WBC=white blood cells, PMN=neutrophils, CK=creatine kinase, PCV=packed cell volume 



Table 4.6 Comparison of those hematological and serum biochemical variables (mean±SD) in which there were differences 
between bleached kraft pulp mill eftluent (BKME) exposed and control male mink (Year two subchronic study) 
based upon one-way analysis of variance 

variable diet wkO 
n=8c,9d 

lymphocytes ( 109 /L) I• 1.95±1.10 

2b 3.29±1.03 

WBC {109/L) 

2 

PCV 

2 

urea (mmol/L) 

2 

protein (giL) 

p value• 

0.020 

wk16 
n=10,10 

3.91±1.47 

p value 

6.39 ±2.45 0.013 

0.50±0.02 

0.46±0.03 

6.84±1.3 

5.56±1.1 

0.005 

0.024 

wk26 
n=10,10 

6.86±0.91 

13.20±7.56 

76.5±7.2 

p value 

0.017 

2 86.8±10.8 0.029 

creatinine (J..Ullol/L) 

2 

85.5±8.9 

72.3±8.1 0.003 

• control food and water with no BKME. b food contains 45% BKME-contaminated fish, 15% BKME; water contains 25% BKME. 
c number of mink on control diet. d number of mink on BKME diet. c probability of no treatment effect. 

WBC=white blood cells, PMN=neutrophils, CK =creatine kinase, PCV=packed cell volume. 
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Table 4.7 Hepatic ethoxyresorufin-0-deethylase (EROD) activity (nmoVmg microsomal protein/min±SD) in control 
and bleached kraft mill eftluent (BKME)- exposed female and male mink in the Year two subchronic study 

diet females n induction males n 

EROD la 0.157±0.050 20 0.169±0.060 10 

nmoVmg prot/min 2b 0.279±0.109** 20 1.8 0.340±0.105** 9 

a control food and water with no BKME. 
b food contains 45% BKME-contaminated fish, 15% BKME; water contains 25% BKME. 
c number of mink on control diet. 
d number of mink on BKME diet. 
**probability of no treatment effect using one-way ANOVA (p=0.001). 

induction 

2.0 
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Table 4. 8 Breeding and gestational success of mink in Year one (yr I) and Year two 
(yr 2) subchronic studies 

females bred/total females 

litters born/females bred 

males breeding/total males 

a food and water contain no BKME. 

control• 
yrl yr2 

6/9 

4/6 

1/4 

20/20 

19/20 

10/10 

b food 75% BKME-contaminated fish, water 25% BKME. 

7/9 

3/7 

2/4 

20/20 

18/20 

9/10 

c food contains 45% BKME-contaminated fish, 15%BKME; water contains 25% 
BKME. 
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Table 4.9 Mink litter size (n±SE) and average kit weights (±SE) from the four breeding groups in the Year two 
subchronic study 

control males n= 1 o• 

exposed males n= 1 ob 

control females• 
n=20 

kit age 

birth 

14 days 

birth 

14 days 

kits 

n 
weight 

n 
weight 

n 
weight 

n 
weight 

6.5±0.3 
12.3g±0.4 

6.3±0.3 
71.4g±2.0 

4.3±0.7 
15.2g±0.9* 

4.4±0.5 
80.3g±3.0 

exposed femalesb 
n=20 

kit age 

birth 

14 days 

birth 

14 days 

kits 

n 
weight 

n 
weight 

n 
weight 

n 
weight 

6.3±0.9 
12.6g±0.6 

5.6±0.5 
71.3g±2.7 

5.3±0.8 
12.3g±0.8 

5.1±0.7 
73.0g±5.0 

a control mink food and water contains nobleached kraft mill eftluent (BKME) (10~, 5c! per breeding group). 
b food contains 45% BKME-exposed fish, 15% BKME; water contains 25% BKME (10~, 5c! per breeding group). 
*significantly different from the other groups using one-way ANOVA (p=0.02) followed by Duncan's multiple range test (p<0.05). 
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Table 4.10 Comparison of those hormone levels (mean±SD) in which there are 
differences between bleached kraft mill effiuent (BKME) exposed and control 
female and male mink (Year two subchronic study) 

74 

week diet females p valuec males p value 
n=20 n=IO 

cortisol (nmol/L) 0 I• 71±45 

0 2b 99±38 0.04 

14 1 55±51 

14 2 88±49 0.05 

prolactin (Jtg/L) 0 1 2.1±2.2 

0 2 0.4± 0.8 0.04 

• control diet contains no BKME. 
b food contains 45% BKME-contaminated fish, 15% BKME; water contains 25% 

BKME. 
c probability of no treatment effect using one-way ANOV A 
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5.0 IMMUNOTOXICITY STUDIES IN MINK CHRONICALLY EXPOSED 

TO DIETARY BLEACHED KRAFf PULP MILL EFFLUENT 

This chapter has been accepted for publication in the peer reviewed Journal of Wildlife 
Diseases, 32(2) 1996. 

5.1 INTRODUCTION 

The pulp and paper industry world-wide discharges an enormous amount of 

effiuent into the aquatic environment. The bleached kraft mill in this study releases 

approximately 110,000 m3 of biologically treated effiuent into the North Saskatchewan 

River (53°15'N,105°05'W) daily. Semi-aquatic mammals, water birds, and aquatic 

organisms are exposed directly, or indirectly through the food chain, to a vast number of 

chemical compounds which comprise pulp effiuent (Canadian Environmental Protection 

Act, 1991 ). Little work has been done regarding possible effects of bleached kraft mill 

eflluent on aquatic mammals at risk. 

The production of bright, white paper by pulp mills entails a bleaching process to 

remove residual lignin which imparts a brownish colour to the pulp. In kraft bleaching 

operations delignification entails a sequence of chorination followed by alkali extraction 

(Miller Freeman Publications, 1994 )(Lockwood-Post, 1994). The biology of wood plus 

the pulping process result in a complex mixture of compounds including extractives, 

organic acids, a range of sulfur-containing compounds, chlorinated phenolics, chlorinated 

neutral compounds, chlorinated organic acids, and various phytochemicals (Owens, 

1991). Pulp effiuent is impossible to characterize completely. Besides the hundreds of 

individual compounds in pulping effiuent, the composition of these compounds changes 
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according to the types of wood used, types of pulp being produced, and the treatment of 

the effiuent before it is released into receiving waters. In both field and experimental 

stream exposures, the BKME compounds most commonly measured in fish have 

included resin and fatty acids, chlorophenols, 2,3, 7,8-tetrachlorodibenzo-p-dioxin, and 

extractable organic chlorine load (Owens, 1991). 

The impact of environmental contamination on animals may be dramatic, such as 

high mortality from direct exposure, or subtle, as by increased incidence of disease, or 

reproductive dysfunction. Semi-aquatic mammals in areas contaminated by industrial 

effiuents are exposed to a mixture of xenobiotics indirectly via bioaccumulation through 

the food chain, as well as by direct contamination from the water. Organochlorines were 

more toxic to mink when they were fed contaminated fish, than when they were directly 

exposed to the technical grade compounds, indicating that bioaccumulated 

organochlorine metabolites were apparently more toxic than the parent compounds 

(Aulerich et al., 1986). Environmental toxicants have been found in experimental mink 

(Muste/a vison) fed on Great Lakes fish (Wren, 1991), and in free ranging mink and 

river otter (Lutra canadensis) in New York (Foley et al., 1988) and otters in Alberta 

(Somerset al., 1987). A causative role between exposure to toxic chemicals and 

declining populations of mink or otter has been proposed for North America (Henney et 

al., 1981; International Joint Commission, 1988) and Europe (Mason and McDonald, 

1986). 

Many environmental contaminants including organochlorines, heavy metals, 

alkylating agents, and pesticides other than organochlorines can alter immune function 
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(Wong et al., 1992). Immunosuppression occurs in waterfowl experimentally exposed to 

environmentally relevant concentrations of selenium (Fairbrother and Fowles, 1990). A 

compromised immune response has been associated with increased levels of 

glucocorticoids in birds subsequent to environmental or physiological stress (Fowles et 

al., 1993). Bleavins eta/. (1983) demonstrated immunosuppression of mitogen

stimulated mink lymphocyte proliferation by hexachlorobenzene. Of four antigens 

tested in mink in the early 1970s, only bacille Calmette-Guerin (BCG) immunization with 

tuberculin-purified protein derivative (PPD) intracutaneous challenge produced erythema 

and induration, hallmarks of the delayed type hypersensitivity (DTH) response (Munoz 

et al., 1974). 

Cell mediated immunity (CMI) is dependent upon viable T lymphocytes. 

Different aspects of CMI can be assessed through the proliferative response of mitogen

stimulated lymphocytes and DTH tests. The lymphocyte proliferation assay measures 

the proliferative potential of peripheral blood lymphocytes, an intermediate event 

required to mount an immune response to a foreign antigen (Abbas et al., 1991). 

A DTH response is predicated upon appropriate antigen-presenting cells, CD4+ 

T -lymphocyte, and macrophage interaction with cytokine mediated intercellular 

communication (Abbas et al., 1991). Delayed type hypersensitivity, one aspect of cell 

mediated immunity, provokes a measurable local immune reaction to an injected antigen 

in presensitized animals. 

Our objectives were to investigate the effects of dietary BKME on immune 

function in mink. This required the development of in vitro and in vivo immunotoxicity 
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assays, which were then applied to mink exposed to dietary BKME for 26 wk. 

5.2 MATERIALS AND METHODS 

5.2.1 Experimental conditions and diet 

Mink were chosen as experimental subjects because they are piscivorous semi

aquatic mammals at risk, they are amenable to captive rearing, and are highly sensitive to 

several organic environmental toxins (Wobeser et al., 1976b; Bleavins et al., 1980; 

Kupfer and Bulger, 1982). 

This study was carried out between October 1993 and May 1994. Forty mature 

demibuff female mink and 20 subadult black male cohorts from a commercial mink ranch 

in Wetaskiwin, Alberta, Canada, were acclimatized in their new sheds on this farm for a 

minimum of I wk, and had been vaccinated at weaning and/or 2 mo before this study 

with a standard commercial combination mink vaccine against canine distemper, mink 

viral enteritis, Pseudomonas pneumonia and botulism, Distox PlusR (Bums Biotec, 

Schering, Pointe Claire, QB). The animals were housed individually in standard steel 

mink cages with attached wooden nest boxes (20 em x 20 em x 25 em), natural light and 

ambient temperatures during a 26 wk study of physiological, reproductive, pathological 

(Section 4.2) as well as immunological variables. 

Diets were formulated to meet or exceed National Research Council 

recommended levels for nutrition of mink (National Research Council, 1982 ), with 

additional nutrients added as advised by the Canadian Mink Breeders Association 

(Rexdale, ON), considering ambient temperatures and physiological state of the animals. 
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The diets provided similar levels of protein, fat and carbohydrate. Each diet contained 

45% whole fish, 55% offal and cereal fortified with minerals (calcium 0.95%, 

phosphorus 0.8%, copper 35 ppm, zinc 300 ppm, iron 400 ppm, manganese 160 ppm) 

and vitamins (vitamin A 39,000 IU/kg, vitamin D 7,000 IU/kg, vitamin E 155 IU/kg) 

(Feedrite Ltd., Winnipeg, MB). Thirty ml softwood-run BKME per 150 g of food was 

incorporated into the contaminated diet. An antioxidant at 200 ppm ( ethoxyquin 66. 6%, 

Davis and Lawrence, Division of Canada Packers, Toronto, ON), was added to all feed. 

The use of raw thiaminase-containing fish (sucker, Catostomus commersoni, C. 

catostomus, and C. moxostoma macrolepidotum, sauger, Stizostedion canadense, 

whitefish, Coregonus c/upeajormis) (National Research Council, 1982) necessitated the 

addition of 2 mg of thiamine HCl (Hoffinan-LaRoche Ltd. Mississauga, ON) daily, 

sprinkled onto each ration. 

The diet of the control group was based upon fish caught in Saskatchewan lakes 

not receiving municipal or industrial eftluent. These included Murray Lake 

(53°10'N,10~39'W), Jackfish Lake (53°04'N,108°23'W), Wakaw Lake 

(52°38'N,105°39'W), Meeting Lake (53°10'N,107°39'W) and Lake Lenore 

(52°30'N104°59'W). The exposed group's diet was based upon fish collected within 6 

km downstream from the discharge point of a bleached kraft pulp mill on the North 

Saskatchewan River, 20 km east of Prince Albert, SK, which uses 80% and 72% 

chlorine dioxide substitution during hardwood and softwood bleaching, respectively 

(W eyerhaueser Canada - Technical Report, 1993 ). Details of the mill pulping and 

bleaching technology and eftluent treatment are described in section 4.2.2. Various 
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species of sucker made up greater than 50% of the fish in both control and contaminated 

diets. The balance consisted of lake whitefish, walleye (Stizostedion vitreum), sauger, 

goldeye (Hiodon alosoides) and northern pike (Esox lucius). Whole fish were stored 

frozen within 8 hr of being caught, thawed to make up the complete ration, and refrozen 

until fed to the mink. Samples of the composite diets based upon both control and 

BKME-exposed fish were analyzed for various chlorinated dioxin and dibenzofuran 

congeners at the Canada Centre for Inland Waters (CCIW), Environment Canada. 

Tissue residue analyses, also done at CCIW, of white sucker and walleye collected in 

1987 and 1988 from the same site on the North Saskatchewan River as the fish in this 

study, had levels of2,3,7,8-TCDD of s:8.0 pg/g (1987) and s:l.6 pg/g (1988), and 

2,3,7,8-TCDF of 17 pg/g (1987) and 5.7 pg/g (1988) (Saskatchewan Environment and 

Resource Management, 1989 ). Drinking water was either municipal tap water (control 

groups), or tap water to which 25% softwood-run BKME, collected as it entered the 

discharge pipe from the secondary treatment pond into the river, (exposed group) had 

been added. This was collected at the beginning of the study and stored frozen until 

required. 

During the autumn fish collection period in 1993, compounds of concern in the 

effiuent were monitored. The average biochemical oxygen demand of the effiuent after 

an 8 d residence time in the secondary treatment aeration lagoon was 20 to 30 mg/L, 

sulfide was 0.65 ppm and the adsorbable organic halide level was 12 mg!L. Resin acid 

levels were s: 160 pg/L, and fatty acids ranged from 100 to 300 pg!L (Weyerhaeuser 

Canada, Technical Peport, 1993). 
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The assay used for lymphocyte proliferation evaluation was a modification of the 

technique described by Tomar et al. (1988). After 26 wk on the BKME diet, over the 

course of 1 d all mink were anaesthetized by intramuscular injection of 18-20 mglkg 

ketamine (Rogar/STB Inc. Montreal, QB), and 1 mglkg xylazine (Bayvet, Etobicoke, 

ON). Blood was collected into 5 ml heparinized vacuutainer tubes (Becton Dickinson, 

Mississauga, ON) by anterior vena caval puncture, and kept on ice until harvesting of the 

mononuclear cells 1 to 24 hr later. 

5.2.2 Lymphocyte proliferation assay 

The following assay was carried out in a laminar flow hood using sterile 

technique. Mink blood was transferred to sterile 15 ml polypropylene tubes (Falcon, 

Becton Dickinson, Mississauga, ON) using 2 to 3 ml of calcium and magnesium free 

Hank's Balanced Salt Solution (HBSS-Ca, Mg free) (Gibco, Burlington, ON) to rinse the 

blood tubes. This cell suspension was gently mixed. Five ml of Lympholyte®-M 

( Cedarlane Laboratories, Hornby, ON) was added to sterile 15 ml tubes. The mink cell 

suspensions were layered onto the Lympholyte®-M, and centrifuged at 750 x G for 20 

min. The mononuclear cell layers were carefully harvested from the interface between the 

overlying platelet-rich plasma and underlying Lympholyte®-M, and placed into sterile 15 

ml tubes. The cells were washed twice with sterile HBSS and centrifuged 6 to 7 min at 

400 x G discarding the supernatant each time. Cell pellets were resuspended in 1 ml of 

sterile Roswell Park Memorial Institute (RPMI) 1640 cell culture medium (Sigma 

Chemical Co. St. Louis, MO) containing 10% heat inactivated fetal bovine serum, and 

1% penicillin-streptomycin. Twenty ,ul of this cell suspension was added to 180 J.ll of 
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0.04% trypan blue in 1% acetic acid in isotonic saline (Gibco) and the viable cells were 

counted using a hemacytometer (Spencer Brightline Hemacytometer, Canlab, Edmonton, 

AB). Sterile complete RPMI was added to each tube to achieve a final concentration of 

5x1 06 cells/mi. 

Volumes of 100 ,ul of cell suspension were added into each well of a 96-well flat 

bottom microtiter plate (Linbro, International Chemical Nuclear Pharmaceuticals Ltd., 

Horsham, PA); 100 ,ul ofRPMI only was added to the double control wells. Working in 

triplicate, 100 ,ul RPMI was added to the control wells, and 100 ,ul of three mitogens, 

Concanavalin A (ConA), pokeweed mitogen (PWM) (both Sigma Chemical Co.), and 

phytohemagglutinin (PHA-P) (Gibco) were added to the test wells to produce 

predetermined optimal concentrations per well of 10 ,uglml, 1/80 dilution, 1/80 dilution, 

respectively. These concentrations were determined from the proliferative responses of 

PBMC from four healthy normal mink stimulated with ConA, PWM, PHA-P and 

bacterial cell wall lipopolysaccharide (LPS) from Escherichia coli 0127:B8 (Difco, 

Detroit, MI) with dextran (LPS/Dextran). Plates were incubated at 31lC in 5% C02, 

95% relative humidity for 72 hr. After 54 hr, 0.5 ,uCurrie (Ci) (20~1) [3H] methyl 

thymidine (New England Nuclear, Boston, MA) was added to all wells in 20 ~I of 

RPMI, and incubation was completed. Well contents were harvested onto glass 

microfiber filters (Cambridge Technology, Watertown, MA) using a cell harvester (PHD 

Cell Harvester, Cambridge Technology, Watertown, MA). Drying of the filters was 

enhanced by using 95% ethanol for the final rinse. Filters were deposited into 

individually labelled scintillation vials (Beckman, Mississauga, ON), and, once dry, 3 m1 



of liquid scintillation cocktail (Ready Safe, Beckman, Mississauga, ON) was added to 

each vial. Radioactivity was measured using a P-scintillation counter (Beckman LS-

3 800), and expressed as counts per minute (CPM). 

5.2.3 Delayed type hypersensitivity 
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A pretrial screen was set up in which two naive mink from the same cohort, but 

not part of the experimental group, received intradermal injections of sonicated BCG 

(Connaught Laboratories Ltd., Toronto, ON) 200 pg (2 pl added to 48 pl phosphate 

buffered saline pH 7.3 ), in the left hind interdigital toe web between the second and third 

phalanx. Skin thickness at the injection site was measured with a manual micrometer 

(Oditest 0-IOmm, Kroetlin, H.C. Gmbh, Germany) at time 0, 24, 48 and 72 hr. This 

preliminary step was taken to ensure that the mink were naive to BCG antigen and to 

eliminate the possibility of a nonspecific inflammatory response to the injected 

compound. In order to determine the optimal time to measure DTH response in the 

experimental animals, two normal non-experimental mink immunized subcutaneously 

with live BCG (1 05
), were given intradermal injections with sonicated BCG 4 weeks 

later, and skin thickness was measured as described above. 

All 40 experimental female mink were immunized subcutaneously with 105 live 

BCG in 200 pl phosphate buffered saline with 0.05% Tween 80 (PBST)(Aldrich 

Chemical Co., Inc., Milwaukee, WI) approximately 3 wk post-breeding, after the vernal 

equinox, and hopefully, after blastocyst implantation. Six weeks later, mink were given 

an intradermal injection of200 pg (2 pl in 48 pl PBS) of sonicated BCG (100 mglml) in 

the left hind interdigital toe web between the second and third phalanx, 48 hr before 



euthanasia. Mink were anesthetized with 5 ml halothane (Halocarbon Laboratories, 

River Edge, NJ) in a bell jar, then exsanguinated by cardiac puncture. 
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The DTH response was evaluated using toe-web thickness, histopathology, and 

inflammatory response. Toe-web thickness was measured using a spring operated 

micrometer; the injection site, plus the same uninjected site on the other hind foot were 

measured. The experimental sites were measured at 48 hr post-intradermal injection, at 

the time of necropsy, just prior to the tissues being fixed in neutral buffered formalin for 

histopathological examination. Histopathological reaction was assessed with the 

pathologist being unaware of the treatment group or the animal from which the tissues 

came. The inflammatory response was quantified using image analyzer technology (Zeiss 

ultraphot microscope, Hamamatsu C2400 camera, software Image 1 by Universal 

Software Corporation, West Chester, PA). The image analysis entailed defining, by 

circumscribing, the inflammatory focus on a projected image of the histopathological 

section, and measuring the area in mm2
·. 

The nature and intensity of the inflammatory response at the injection site were 

used to score the reaction: 0, a few scattered lymphocytes and macrophages in the 

perivascular dermal tissue; 1, a small area or thinly populated foci of mononuclear cells 

(Fig. 5.1 ); 2, dense focus of mononuclear cells and macrophages, with or without 

granulocytes, occupying < 60% of a I OX magnified field; 3, a densely populated focus of 

mononuclear cells and macrophages, with or without granulocytes, covering ~ 60% of a 

lOX field (Fig. 5.2). 

Statistical analyses were done using SPSS-X® (McGraw-Hill Book Co. New 
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York, NY). Lymphocyte blastogenesis assay results were analyzed by one-way analysis 

of variance (ANOVA). The stimulation index (SI) for each animal with the different 

mitogens was calculated as the ratio of CPM of mitogen stimulated cell culture/CPM of 

unstimulated, background cell culture. For statistical analysis of the SI, only results 

within 2 standard deviations (SD) of the mean for the exposed or control group 

respectively, were included in the data set. This resulted in the exclusion of one control 

and three exposed individuals' data. A response was considered positive if the SI was at 

least 2. 5. Both a median test and Kruskal-Wallis analysis were applied to the ranked 

histological DTH results, and unpaired /-tests were applied to the skin thickness, as well 

as image analysis measurements. Spearman's correlation coefficient was applied to the 

histological ranking, relative to each of the other methods used in DTH assessment, 

while a Pearson's correlation coefficient was used to compare the image analyzer and 

micrometer measurements. 

5.3 RESULTS 

The radioactivity (as CPM) released from cell cultures is directly related to the 

incorporation of [3H] thymidine and represents a measure of lymphocyte proliferation. 

From the four normal mink, cell proliferation was optimal using the following mitogen 

concentrations per well; ConA 10 ~glml , PWM 1/80 dilution, and PHA 1/80 dilution 

(Table 5.1). The cellular response was greatest with ConA, and lowest with PHA, while 

LPS/Dextran at concentrations (pglml) of 100/20, 50/10, or 25/5 did not consistently 

induce proliferation of mink PBMC (Table 5.1). Neither the blastogenic response of 
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mink PBMC (Table 5.2), nor the stimulation indices were altered by exposure to BKME 

(Table 5.3). 

No response was detected to the pretrial DTH test in mink which had not been 

presensitized to BCG. The BCG-immunized, non-experimental mink had increased skin 

thickness at the injection site compared with the reference site at 24 hr (0.05±0.0 mm), 

48 hr (0.17±0.11mm) and 72 hr (0.10±0.14 mm). The DTH response ofBKME-treated 

mink was less than control mink when comparisons were made using each of the three 

methods of evaluation (Table 5 .4). The toe web thickness of the control group was 

greater than that of the BKME-exposed group. Histopathological reactions were more 

cellular and larger in the control group (Fig. 5.1) than in the BKME-exposed group (Fig. 

5 .2), and the control group had a greater area of reaction than did the BKME-exposed 

mink. The micrometer measurement had a low correlation coefficient with the 

histopathological data ( ... 0.19, ), while the image analyzer data had a high correlation 

coefficient ( ... 0.88) with the histopathological ranking, and a low correlation with the 

micrometer measurement ( ... 0.22). 

5.4 DISCUSSION 

Two components of the immune system were evaluated in our experiments. 

Concanavalin A and PHA specifically stimulate T lymphocyte mitosis, while PWM is a T 

and B lymphocyte mitogen. The mink which were used to establish the appropriate 

conditions for blastogenesis assay (Table 5.1 ), were four animals kept at the animal care 

unit in this veterinary college. Their cells were cultured within 1-3 hours ofbeing 
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collected. Logistics were such that blood from the 40 experimental mink (7 hr away 

from the veterinary college) was collected over one day, and cultured the following day. 

This is likely to have affected the viability of the mononuclear cell population, and thus, 

be responsible for the overall decreased response seen in the experimental population 

(Tables 5.2 and 5.3). 

Concanavalin A at the concentration used here, produced the greatest 

proliferation in hexachlorobenzene-exposed mink lymphocytes (Bleavins et al., 1983), as 

well as in these BKME-exposed mink. Bacterial cell wall lipopolysaccharide is described 

as a B-lymphocyte mitogen in many species (Anderson et al., 1972). However, it 

induced no proliferation ofPBMC in these mink; thus, either B-lymphocytes in 

peripheral circulation of mink were not at an appropriate stage of maturity to respond to 

mitogenic stimulation, or there were too few B-lymphocytes in circulation to mount a 

detectable response, or mink B cells did not respond to LPS. No difference between 

BKME-exposed and control mink PBMC was evident with any of the three mitogens 

used, evidence that PBMC of both BKME-exposed and control mink were undergoing 

normal proliferation. Thus, the intermediate stage of cellular immune response, 

lymphocyte proliferation, was not affected by exposure to BKME. 

These findings were in contrast to work by de Swart et a/. ( 1994) in which 

harbour seals (Phoca vitulina) fed fish from the heavily polluted Baltic Sea for 2 yr had 

depression of proliferative response to ConA, PWM, and PHA. There was no change, 

however, with LPS stimulated proliferation, demonstrating B lymphocytes of seals to be 

relatively insensitive to damage in this system compared with T lymphocytes. The 



proliferative response of mink PBMC followed the same pattern as did seal PBMC; 

maximum proliferation with ConA and PWM, less with PHA and least with LPS (De 

Swart et al., 1993). Even though the seal PBMC were cultured for 24 hr longer with 

LPS than with the other mitogens, the proliferative response remained the lowest. It 

may be of value to extend the cell culture time for mink PBMC to allow a longer 

response time, before excluding LPS as a potential mink B lymphocyte mitogen. 
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Reports of the effect ofBKME on immune function in fish are equivocal. Forlin 

et al. ( 1991) reported changes in the white blood cell profile implying a weakened 

immune system in exposed fish, while others found no difference in white blood cells in 

fish exposed to BKME (Haley et al., 1995). Immune alteration associated with exposure 

to pulp mill effiuent was suggested in a study in which effiuent-exposed fish had a dose

dependent, increased frequency of gill, fin and skin parasites (Axelsson and Norrgren, 

1991 ). Immunosuppression attributed to pulp mill effiuent exposure is likely dependent 

upon the type of exposure as well as the particular effiuent involved. 

The compromised DTH response in the BKME-exposed mink is an expression of 

immunotoxicity. Delayed type hypersensitivity is an integrated systemic response based 

upon several cell populations and their secretory products. It is mediated by CD4+ T 

lymphocytes after being activated by an antigen bound to antigen presenting cells. 

Activated T -lymphocytes and macrophages secrete effector molecules including tumor 

necrosis factor (TNF), interleukin 1 (IL-l), and gamma interferon (INF y) during the 

DTH response (Abbas et al., 1991). These cytokines induce activation of vascular 

endothelial cells which become leaky and contribute to the local inflammation (Abbas et 
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al., 1991). The decreased DTH response in the mink was evidence for a deficit in the 

cell mediated immune response. In light of the normal response ofT lymphocytes to 

mitogenic stimulation, BKME did not affect clonal proliferation. If the in vitro 

lymphocyte proliferation assay reflected the proliferative potential of lymphocytes in 

vivo, the mechanism of immunotoxicity must have been at the level of post-proliferation 

T -lymphocyte function, tissue macrophage function, or the interaction among either of 

these cell types and antigen presenting cells. 

Ross eta/. (1995a) demonstrated depression of the DTH response in captive 

harbor seals fed 2 yr on a diet of Baltic Sea fish contaminated with polychlorinated 

biphenyls (PCB), chlorinated dioxins and dibenzofurans. Dietary BKME fed to the mink 

in this study contained very low levels of2,3,7,8-TCDD and -TCDF, implicating other 

components in the eflluent to be involved in immunomodulation. Although PCBs have 

not been detected in pulp mill eflluent, numerous organochlorine compounds, 2,3,7,8-

TCDD included, may occur in BKME, along with organic acids, chlorinated phenolics, 

chlorinated neutral compounds, chlorolignins and other phytochemicals (Owens, 1991). 

In order to assess the DTH response, criteria had to be established for ranking 

the three methods used here. Since there is no accurate quantitative system against which 

these methods could be judged, the most precise method had to be chosen as the "gold 

standard". The histopathological assessment ofDTH was used as the standard to which 

the micrometer and image analysis measurements were compared. Light microscopy 

provided a clear image of tissue and cellular response, and a ranking system was 

developed (section 5.2.3). The precision (or reliability) of the pathologist's ranking 
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system has been described in section 4.2.7. The standard error for the image analyzer 

data was half to 20% the standard error of the micrometer measurements, making it the 

more precise of these two measures. Thus, image analysis was the second most reliable 

method. There are difficulties associated with cellular definition on the projected image 

using this technology, making the reaction area somewhat difficult to define. It does, 

however, provide a quantitative assessment of the reaction site. The hand-pressure 

controlled micrometer was the least reliable, proving quite awkward to use on the small, 

lightly haired interdigital space of mink toes. There are no similar studies comparing 

methods ofDTH response evaluation in mink, or any other species. 

Delayed type hypersensitivity is a relatively noninvasive in vivo measure of cell 

mediated immunity. Although numerous infectious, environmental, nutritional, seasonal, 

age and sex related stressors can affect immune function, in situations where specific 

contaminants are of concern, and with the existence of either good baseline data, or 

reference populations, immunotoxicity testing provides another useful tool for 

monitoring environmental health. While the DTH provides a more integrated test of 

immune function, the mitogen assay tests a specific response. This makes it a less 

encompassing measure of the potential impact of pollutants on exposed individuals or 

populations, but it allows investigation of the mechanism of immune dysfunction. 

The decreased response in BKME-exposed mink is important, as it may be 

evidence for a defect which could ultimately affect the competitive fitness of animals in 

their natural environment. The relationship between a decreased DTH response under 

experimental conditions, and the ability of mink to deal with natural challenges from 



pathogenic organisms in the wild is not possible to define at this time. However, the 

mechanisms involved with a DTH response are similar regardless of the origin of the 

antigen, so this in vivo evaluation of immunocompetence should have relevance in the 

natural setting. 

WJld mink consume up to 50% fish and crustaceans (Gilbert and Nancekivell, 

1982), while otter and other semi .. aquatic mammals such as seals, are almost entirely 

piscivorous. This would increase any risk associated with bioaccumulation or 

biomagnification of xenobiotics through the aquatic food chain. Immunotoxicity may 

occur at levels of exposure to xenobiotics well below that required to produce overt 

signs of toxicity, so the endpoints described in this study may be useful monitors of 

subclinical toxicity. 

91 
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TABLE 5.1 Proliferative response, expressed as mean counts per minute (CPM) ± S.E. 
of normal mink peripheral blood mononuclear cells to concanavalin A (ConA), 
pokeweed mitogen (PWM), phytohemagglutinin (PHA) and lipopolysaccharide 
with dextran (LPS and DXT). 

Controlc 

ConAd 

PWM' 

PHAr 

LPS andDXT1 

CP~(±SE) 

(n=4) 

286±50.6 

67325±18578 

25304±7330 

8027±5488 

350±121 

Stimulation 
Indexb 

235±65 

88±26 

28±19 

1.7±0.8 

a CPM = Counts per minute ( ± SE) from [3H] thymidine release by mononuclear cells. 
b Stimulation index (mitogen stimulated cell CPM /control cell CPM ±SE). 
c No mitogen. 
d ConA at 10 ,ug/ml. 
c PWM at 1/80 dilution. 
r PHA at 1/80 dilution. 
1 LPS and DXT at 100 ,uglml and 20 ,uglml respectively. 
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TABLE 5.2 Proliferative response of peripheral blood mononuclear cells from control 
mink and those exposed to bleached kraft mill eftluent, to concanavalin A 
(ConA), pokeweed mitogen (PWM) and phytohemagglutinin (PHA), expressed 
as mean counts per minute (CPM± SE). 

control• BKME-exposedb Percent ProbabilitY of 
CPM CPM of no treatment 

(n=20) (n=20) control effect 

no mitogen 261±50 229::1:30 88 0.61 

ConAd 3460::1:594 3002::1:783 87 0.64 

p~ 2028±367 1772::1:425 87 0.65 

PHAr 1579::1:194 1379::1:298 87 0.57 

a Diet contained no bleached kraft mill eftluent (BKME). 
b Water contained 25% BKME; food contained 45% BKME-contaminated fish, 15% 

BKME. 
c Probability of no treatment effect using a one way analysis of variance. 
d ConA at 10 ,ug/ml. 
e PWM at 1/80 dilution. 
r PHA at 1/80 dilution. 



Table 5.3 Stimulation index (SI±SE) of peripheral blood mononuclear cells from 
control mink and mink exposed to bleached kraft mill eflluent (BKME) using 
three mitogens, Concanavalin A (ConA), pokeweed mitogen (PWM) and 
phytohemagglutinin (PHA). 

Control• BKMEb Percent Probability" of 
Sid SI of no treatment 

(n=20) (n=20) control effect 

ConAc 17±3.3f 17±5.0 100 0.92 

PWMB 8.7±1.4 8.4±2.0 96 0.81 

PHAh 7.1±1.0 7.3±1.8 103 0.91 

• Diet contained no BKME. 
b Water contained 25% BKME; food contained 45% BKME-contaminated fish, 15% 
BKME). 
c Probability of no treatment effect using one way analysis of variance. 
d SI = mitogen stimulated cell count per minute (CPM) /control cell CPM. 
c ConA at 10 ~glml. 
r Mean±SE. 
g PWM at 1/80 dilution. 
h PHA at 1/80 dilution. 
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Table 5. 4 Comparison of three methods of evaluation of the delayed type 
hypersensitivity (DTH) response in mink exposed to bleached kraft mill 
effluent (BKME). 

Control• BKME- Percent 
(n=20) exposedb of 

(n=20) control 

Histopathology 24.85d 16.15d 65 0.014 
rank 

Micrometer 0.12±0.07e 0.06±0.05 50 0.003 
(mm) 

Image analyzer 0.57±0.14 0.34±0.25 60 0.022 
(mm2) 

• Food and water contained no BKME. 
b Water contained 25% BKME; food contained 45% BKME- contaminated fish, 

15%BKME. 
c Probability of no treatment effect using a Kruskal-Wallis analysis of ranked data 

for histopathology, and unpaired t-tests for both micrometer and image analyzer 
measurements. 

d Ranked score values from Kruskal-Wallis analysis. 
e Mean±SE. 
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FIGURE 5.1 Intradermal injection site from the delayed type hypersensitivity test in 
control mink. Arrows indicate mononuclear cell-rich inflammatory focus . H&E. 
Bar= 100 ,urn 

FIGURE 5.2 Intradermal injection site from the delayed type hypersensitivity test in 
bleached kraft mill effluent-exposed minlc Arrow indicates a sparse population of 
mononuclear cells. H&E. Bar = 100 ,urn 
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6.0 ASSESSMENT OF HUMORAL IMMUNE RESPONSE IN MINK: 

ANTIBODY PRODUCTION AND DETECTION 

This chapter has been accepted for publication in the peer reviewed Journal of Wildlife 
Diseases, 32(2) 1996. 

6.1 INTRODUCTION 

Modulation of the immune response of animals may occur due to exposure to 

environmental contaminants. Mink (Mustela vison ), semi-aquatic mammals at the top 

of the aquatic and terrestrial food web, have a wide natural distribution throughout 

temperate North America, making them a potential sentinel for monitoring environmental 

health. They are also amenable to being raised in captivity. This makes them a useful 

mammalian model for the study of immune function, which may be affected by 

environmental xenobiotics. 

Previous immune function studies in mink were initiated because an important 

disease of captive mink, Aleutian disease, appeared to be immune mediated. The 

antibody response of mink against goat red blood cells (RBC) was assessed by 

determining the number of plaque-forming cells (antibody-producing lymphocytes) 

present in lymphoid tissues of mink inoculated with goat RBC (Lodmell et al., 1971 ). In 

mink vaccinated with a keyhole limpet hemocyanin (KLH) preparation, specific 

immunoglobulins against the KLH antigen were identified as 19S P globulin (likely 

immunoglobulin M (IgM)) (Lodmell et al., 1970). Later, three specific classes of mink 

immunoglobulins, IgG, IgA and IgM, were identified using KLH as antigen (Coe and 

Hadlow, 1972). An enzyme-linked immunosorbent assay (ELISA) for detecting 
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Pseudomonas aeruginosa antibodies in mink has been described in which a 

staphylococcal cell wall peptide, protein A, was shown to be a good indicator for mink 

immunoglobulin (Rivera et al., 1994). 

In this study a method was developed to assess and measure antibody production 

in mink. This entailed the identification of a conjugate with a high affinity for mink 

immunoglobulin, the formulation of a vaccine which would stimulate a T -cell dependent 

antibody response in mink, and the development of an ELISA to measure the antibody 

produced. 

6.2 MATERIALS AND METHODS 

6.2.1 Animals and diets 

Four healthy young adult ( <1 yr) mink, (two males, two females) demibuff 

cohorts from a mink ranch at Pike Lake, Saskatchewan, Canada, were housed indoors in 

the Animal Care Unit, University of Saskatchewan, in standard stainless steel wire cages 

(20 em x 20 em x 25 em), under a 12 hr light/dark cycle. They were fed commercial 

maintenance fox/mink ration (Feedrite Ltd. Humboldt, SK) 150 g per day (females) 180 

g per day (males) and tap water ad libitum. Conditions for the mink met requirements of 

the Canadian Council of Animal Care, through approval by the University Committee on 

Animal Care and Supply Protocol Review Committee, University of Saskatchewan 

(protocol 920071 ). 
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6.2.2 Immunological evaluation 

Detection of antibodies in the sera from a healthy mink and ferret were tested 

using three possible conjugates: horseradish peroxidase conjugated goat anti-ferret 

antibody (Kirkegaard Perry Laboratories, Canadian Life Technologies, Burlington, ON); 

recombinant protein G-horseradish peroxidase (Dimension Laboratories Zymed, 

Mississauga, ON), and developing reagent protein A-horseradish peroxidase (Dimension 

Laboratories, Zymed, Mississauga, ON). In a 96-well Immulon II plate (Dynatech 

Laboratories Inc., Alexandria, VA) two-fold serial dilutions of mink and ferret sera in 

phosphate buffered saline (PBS) pH 7.3, beginning with a 1:10 dilution were prepared. 

The plate was incubated at 4°C for 15 hr, then emptied and washed four times with 

distilled water. One hundred m1 of 2% chicken ovalbumin (Sigma Chemical Company, 

St. Louis, MO) in PBS, was added to all wells to block any unbound sites, and the plate 

was incubated at 20°C for 1 hour. The plate was emptied and washed as described. The 

test conjugates were added as follows: anti-ferret serum 1 :200, anti-ferret serum I :2000, 

protein G 1:4000, and protein A 1:8000. The plate was incubated in the dark for 40 min 

at 37°C and washed. The peroxidase substrate 2,2'azino-bis (3-ethylbanzo-thiazoline-6-

sulfonic acid) (ABTS) (Mandel Scientific, Guelph, ON) was added to all wells. After 15 

min, absorbance was read on a BioRad 3550 microplate reader, with a 405 nm filter 

(BioRad Laboratories, Mississauga, ON). 

A vaccine was formulated using a single epitope antigen, dinitrophenol (DNP), 

conjugated to a carrier molecule, keyhole limpet hemocyanin (KLH) as follows. A stock 

solution of 1 mg/ml DNP-KLH (Calbiochem, Terochem Laboratories Ltd., Edmonton, 
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AB) in 10 mM 3-[N-morpholino]propane-sulfonic acid buffer pH 7.2 was prepared. 

Two m1 of this DNP-KLH, 1400 pi carbonate buffer pH 9.5, 1200 pl Rehydragel HPA 

aluminum hydroxide gel (Reheis, Inc. Berkeley Heights, NJ), 600 pl Tween 80 (Sigma 

Chemical Co., St. Louis, MO), 240 pi Span 80 (Sigma) and 1000 pi Freund's Incomplete 

Adjuvant (Sigma) were emulsified. The mink were vaccinated in the paralumbar region 

with 200 pi of vaccine at each of two sites, one subcutaneous, one intramuscular. Mink 

received two booster vaccinations with 200 pl of vaccine, on day 25 and day 4 7 after the 

initial immunization. Sera were collected in serum vacutainers by anterior vena caval 

puncture, on mink anesthetized with an intramuscular injection of 1. 8 to 2 mg/kg 

ketamine HCI (Rogar/STB Inc. Montreal, QB), and 1 mg/kg xylazine HCI (Bayvet, 

Etobicoke, ON) on days 0 (pre-immune serum) 10, 32, and 59 after the initial 

immunization. 

To quantify mink anti-DNP-KLH antibodies, an indirect ELISA was developed. 

One hundred pi of0.5 pg/ml DNP-KLH in carbonate coating buffer 0.05 MpH 9.5 was 

added to all wells of a 96-well Immunlon II plate and incubated at 4°C for 15 hr. The 

plate was washed four times using 0.2% Tween 20 in deionized, distilled water and 

tapped dry. Two-fold dilutions of pre- and post-immunization sera beginning with a 

dilution of 1: 10, were incubated at 20°C for 2 hr, then washed as described. One 

hundred pi of 0.25% bovine serum albumin (BSA)- phosphate buffered saline with 

0.05% Tween 20 (Aldrich Chemical Co. Inc. Milwaukee, WI) (PBST) (bovine albumin 

fraction V, Sigma) was added to each well for 30 min at 20°C then washed as described. 

One hundred pi of 1:8000 protein A-HPO in 0.05% PBST was added to each well and 



the plate was incubated at 20°C in the dark for I hr, then washed. One hundred ,ul 

ABTS substrate was added to each well. Absorbance was read after I5 min on a 

microplate reader at 405 run. 

6.3 RESULTS 

IOI 

As anti-mink immunoglobulin reagents were not commercially available at the 

time of this study, the first objective was to find a reagent which would bind mink 

antibodies. Staphylococcus aureus cell wall peptide Protein A, at a I: 8000 dilution, had 

the strongest affinity for mink immunoglobulin with a titer of I :5I20. Unexpectedly, 

commercially available anti-ferret (Mustela putorius) immunoglobulin had less affinity 

for mink immunoglobulin than did protein A. The I :200 goat anti-ferret antibody had 

distinct, but weaker recognition of mink antibodies, with a titer of I:640, while the 

I :2000 dilution did not result in a detectable titer. Thus, the avidity of protein A is 

strong for the fragment, crystalline (Fe) portion of mink antibodies, as it is for numerous 

other mammalian species including human, rabbit and guinea pig (Langone, I982). 

Although protein G, a 30 -35 kilodalton (kD) cell wall peptide from P hemolytic 

Streptococcus spp., does have strong affinity for bovine, equine and porcine antibodies 

(Harlow and Lane, I988) at the I:4000 dilution used here, it had no detectable binding 

with mink immunoglobulin. 

Using the protein A conjugate, an indirect ELISA for the detection of antibody 

after vaccination with the hapten-carrier conjugate DNP-KLH was developed. Although 

high absorbance readings were seen at sera dilutions between I: I 0 and I: I60 in both 
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pre-immune and post-immunization sera, with more dilute sera, conjugate binding only 

occurred in the post-immunization sera; thus it was specific for anti-DNP-KLH 

immunoglobulins. Given this limitation on the sensitivity of the assay, no pre-immune 

sera had detectable levels ofanti-DNP-KLH antibodies. After primary immunization, all 

mink sera had detectable antibody. One male mink had the highest antibody level after 

booster 2, while the others had peak levels after booster 1 (Fig. 6.1 ). 

6.4 DISCUSSION 

The affinity with which specific immunoglobulins bind to protein A or protein G 

varies with class and subclass of immunoglobulins and with species (Akerstrom et al., 

1985), which must be considered during assay development. Gershon and Paul (1971) 

demonstrated the affinity of anti-DNP antibody to be dependent upon the nature of the 

carrier molecule. Keyhole limpet hemocyanin conjugated to DNP produced strong, high 

affinity, anti-hapten antibodies. The DNP antigen alone is not immunogenic because of 

its small size, and thus must be conjugated to a large carrier molecule (KLH 8-9 x 106 

MW) (Maleka and Seppala, 1986) which is recognized by Th lymphocytes following 

antigen processing. Cytokine release from these helper T cells direct antigen stimulated 

B-lymphocytes to mature and differentiate into antibody producing plasma cells (Abbas 

et al., 1991). Thus, the production of antibodies reflects the operational integrity of 

many aspects of the immune system. 

A primary immune response was evident by day 10 post-immunization, at which 

time absorbance levels reached approximately half of the peak values seen in the 
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secondary response between days 25 and 47 post-immunization. These results were 

similar to those seen by Lodmell eta/. (1971) using sheep-RBC vaccinated mink, in 

which hemagglutination titers peaked at 42 days post-immunization, and a strong post

booster anamnestic response was seen. 

An assay was required that would not cause disease or in any way compromise 

the health status of the test animals, yet would provoke a strong humoral immune 

response. Using the method described here, we have shown that nonpathogenic DNP

KLH is an effective immunogen. This system provides a practical method for assessing 

the function of the immune system. 
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Figure 6.1 Relative antibody levels in 1:1280 dilution of sera from DNP-KLH 

vaccinated mink. Serum samples collected before immunization, I 0 days after primary 

immunization (primary), and 7 and 9 days after boosters I and 2, respectively, were 

analyzed for DNP-KLH specific antibody levels using an indirect ELISA. Mink 1 and 2 

are females, mink 3 and 4 are males. 



7.0 ENHANCED ANTIBODY RESPONSES IN MINK EXPOSED TO 

DIETARY BLEACHED KRAFT PULP MILL EFFLUENT 

This chapter has been accepted for publication in the peer reviewed journal 
Environmental Toxicology and Chemistry, 15(7) 1996. 

7.1 INTRODUCTION 
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Wild mink (Mustela vison) are widely distributed throughout North America and 

are top carnivores in both the terrestrial and aquatic food chains. Mink are amenable to 

captive rearing, and have been shown to be sensitive to numerous environmental 

toxicants (Wobeser et al., 1976a; Bleavins et al., 1980; Kupfer and Bulger, 1982; 

Hochstein et al., 1988). This makes them a useful species to investigate environmental 

health and/or the biological impact of environmental xenobiotics. 

The immune response in fish may be modulated following exposure to 

xenobiotics such as those present in bleached pulp mill effiuent. Perch in BKME-

contaminated coastal regions had a dose-responsive decrease in peripheral blood 

lymphocytes which could impair immune function (Andersson et al., 1988). Fingerling 

salmon exposed to environmentally relevant concentrations ofBKME had evidence of 

immune compromise manifested by hepatic and renal lesions compatible with Bacterial 

Kidney Disease (Servizi et al., 1993). In immune function studies of wild and hatchery-

raised fish from BKME-impacted and reference coastal and river sites, the antibody 

responses in the wild fish from two contaminated sites were 30 and 70% greater than in 

the reference population. Comparisons of parasite loads of a digenetic fluke which 

encysts in the posterior kidney, showed higher levels of infestation in the migrating wild 
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fish from the contaminated watershed (State of Washington Department ofFisheries, 

1992 ). In contrast, there was no evidence of immune dysfunction in mountain 

whitefish and longnose suckers exposed to BKME from a mill using 25 to 70% chlorine 

dioxide (ClOJ, based upon incidence of disease, gross and histopathology, leukocyte 

counts, or immunoglobulin levels (Kloepper-Sams and Benton, 1994). Similarly, in an 

experimental stream study, both before and after 70% Cl02 substitution for molecular 

chlorine, there was no difference in circulating leukocyte counts between BKME

exposed and control groups offish (Haley et al., 1995). 

Studies on the immune function of mammals at risk due to exposure to BKME 

are rare. Changes in immune function may have subtle or dramatic effects, but 

ultimately, the overall fitness of a population exposed to xenobiotics could be affected. 

The immune response is a complex interaction of phagocytic cells and 

lymphocytes. Humoral, or antibody dependant immunity is mediated through B 

lymphocytes activated either directly by antigenic stimulation, or indirectly through T 

helper (Th) lymphocytes. Both routes result in the maturation ofB lymphocytes into 

plasma cells which synthesize immunoglobulins or antibodies. 

There are few studies of the B cell response in mink. Antibody production in 

mink has been previously demonstrated by the formation of plaque-forming colonies 

(PFC) in lymphoid tissues of mink inoculated with goat rbc (Lodmell et al., 1971). 

Three classes of mink immunoglobulins, IgG, IgA and IgM, were identified through 

immunodiffusion studies using keyhole limpet hemocyanin (KLH) as an antigen (Coe 

and Hadlow, 1972). An enzyme-linked immunosorbent assay (ELISA) for detecting 
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Pseudomonas aeruginosa antibodies in mink has been described in which peroxidase 

conjugated protein A is shown to be a good indicator for mink immunoglobulin (Rivera 

et al., 1994). 

Pulp mill eftluent may contain environmental pollutants with the potential to 

bioaccumulate in the diet of exposed animals such as mink. Measurement of alterations 

in the immune response may identify physiological consequences of this exposure. This 

study was designed to investigate the effects of chronic exposure to dietary BKME on 

specific antibody response in mink. 

7.2 MATERIALS AND METHODS 

7 .2.1 Animals 

Forty mature demibuff female mink from a commercial mink operation in 

Wetaskiwin, Alberta, Canada, had been vaccinated with a standard commercial 

combination mink vaccine, Distox PlusR (Bums Biotec, Schering, Montreal, QB) and 

were acclimatized for a minimum of one week prior to exposure to the experimental diet 

for 26 weeks (between November 1993 and May 1994). The animals were housed 

individually in standard steel mink cages with attached wooden nest boxes (20 em x 20 

em x 25 em), natural light and ambient temperatures on the mink farm. The mink were 

randomly assigned to either the BKME-exposed or the control group, with 20 animals in 

each group. 
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7 .2.2 Physiological data 

Before exposure to the experimental diets and after 16 weeks and 26 weeks on 

the experimental diets, all mink were weighed and blood samples were taken by anterior 

vena caval puncture on anesthetized mink using the technique described in section 4.2.4. 

Sera were frozen until analyses could be done on all samples simultaneously. 

Cortisol levels were determined for each of the three sampling times, using the validated 

fluorescence polarization immunoassay (TDx System, Abbott Laboratories, Mississauga, 

ON) described by Kingsbury and Rawlings (1993) detailed in section 4.2.5. Cortisol 

data were analyzed by one-way analysis of variance. 

7.2.3 Diet 

Diets were formulated to meet or exceed recommended levels for nutrition of 

mink (National Research Council, 1982 ), with additional nutrients added as advised by 

the Canadian Mink Breeders Association and industry literature (Watkins, 1993 ), 

considering ambient temperatures and physiological state of the animals. Both diets 

provided similar levels of protein, fat and carbohydrate. 

The diets contained 45% fish, and 55% poultry, beef and pork slaughterhouse 

offal plus cereal fortified with minerals (calcium 0. 95%, phosphorus 0. 8%, copper 3 5 

ppm, zinc 300 ppm, iron 400 ppm, manganese 160 ppm) and vitamins (vitamin A 39,000 

lU/k:g, vitamin D 7,000 lU/k:g, vitamin E 155 lU!k:g). Thirty m1 softwood-run BKME 

per 150g of food was incorporated into the contaminated diet. The antioxidant, 

ethoxyquin 66. 6%, (Davis and Lawrence, Division of Canada Packers, Toronto, ON) 

200 ppm, was added to all feed. Because of the use of raw thiaminase-containing fish, 2 



mg thiamine HCl (Hoffman-LaRoche Ltd. Mississauga, ON) was added daily, as top 

dressing to each ration. Thiaminase in feed may cause fatal central nervous system 

degeneration in carnivores (Jubb and Huxtable, 1993). 
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Diet of the control group was based upon "uncontaminated fish" caught in 

Saskatchewan lakes which did not receive municipal or industrial eflluent. The exposed 

group's diet was based upon "contaminated fish" collected within 6 km downstream from 

the discharge point of a bleached kraft pulp mill on the North Saskatchewan River 20 km 

east of Prince Albert, Saskatchewan. Additional details on the fish components of the 

diets are given in section 4.2.2. Samples of the composite diets based upon both control 

and BKME-exposed fish were analyzed at the Canada Centre for Inland Waters, 

Environment Canada, for various dioxin and dibenzofuran congeners, which were found 

to be either non-detectable or present at very low levels (section 4.3.1). 

The mill in this study used modem bleaching technology with 80% Cl02, 20% 

elemental chlorine for hardwood (aspen), and 72% Cl02, 28% elemental chlorine for 

softwood (50% jackpine, 50% spruce) bleaching. Mill eflluent received biological 

treatment in an aerated lagoon for eight days before being discharged to the river. 

Details on the mill function and eflluent characteristics are presented elsewhere (section 

4.2.2). 

Drinking water was either municipal tap water (control groups), or tap water to 

which 25% softwood-run BKME as it enters the discharge pipe from the secondary 

treatment pond into the river (BKME-exposed group) had been added. All the eflluent 

was collected at one time and stored frozen until required. 
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7 .2.4 Mycobacterial vaccination 

Antibody response in mink exposed to dietary BKME was investigated using an 

indirect ELISA, prior to and following immunization with bacille Calmette-Guerin 

(BCG) (generously donated by Dr. P. Bretscher, Department of Microbiology, 

University of Saskatchewan), a nonpathogenic mycobacterium (Bloom and Fine, 1994). 

Serum samples were obtained from the 20 BKME-exposed and 20 control mink after 16 

weeks (midwinter), and after 26 weeks (midlactation) on the experimental diets. The 

mink were immunized subcutaneously at week 20, with live BCG (lOs) in 200 fll 

phosphate buffered saline with 0.05% Tween 20 (Aldrich Chemical Co. Inc. Milwaukee, 

WI) (PBST) 6 weeks before the second serum samples were obtained. 

7.2.5 Enzyme linked immunosorbent assay (ELISA) for antibody to 

mycobacterial antigen 

A purified protein was derived from BCG culture as follows. The BCG culture, 

108 CFU/ml, was centrifuged at 8000 xg for 20 min, the cell pellet washed twice with 

phosphate buffered saline (PBS), followed by centrifugation at 10,000 xg for 20 min. 

The cell pellet was resuspended in 5 ml saline and passed through a french pressure cell 

press (Travenol Laboratories Inc. Silver Springs, MD) three times at 1000 PSI pressure. 

The resulting suspension was centrifuged at 10000 xg for 20 min and the supernatant 

harvested. 

The BCG supernatant contained 0.5 mg/ml protein (BIORAD protein assay) 

(Bradford, 1976). This was used as the coating antigen for the ELISA. Western blotting 

(Burnette, 1981) of the supernatant showed the predominant protein to be approximately 



70 kilodaltons (figure 7.1 ), This may represent the 65-kilodalton mycobacterial heat 

shock protein described by Aguas et al. (1990). 

Ill 

A serial dilution was set up on 96-well Immulon IT microtitre plates (Dynatech 

Laboratories Ltd. Alexandria, VI) using BCG and BSA (negative control ) antigens at 

0.25, 0.125 and 0.06 Jlg/ml in 100 fll carbonate coating buffer 0.05 MpH 9.5. The 

optimal concentrations of antigen for the ELISA antibody detection were thus 

determined to be 0.25 Jlg/well. 

The ELISA was carried out on all pre- and post-immunization mink sera 

according to standard protocol (Coligan et al., 1994) using alternate rows ofBCG and 

BSA at 0.25 Jlg/ml per well, and two-fold serum dilutions from 1:50 to 1:1600. Serum 

from one control mink was assigned as the standard, and tested on every plate. 

7 .2.6 Data analysis 

The optical density values obtained with sera tested against BCG were subtracted 

from the values obtained using the negative control antigen (BSA). The resultant optical 

density values of the designated standard sera were used to create a standard unit I 

response curve for the antibody concentration for each plate. For each test sera the 

antibody levels were expressed as a percentage of the value of the standard, utilizing the 

mean of the values from all serial dilutions which fell within the linear range of the 

standard curve. All test sera values on each plate were then expressed as antibody units 

in relative proportion to the value of the standard on that plate. 

All statistical analyses were done using t-tests. 
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7.3 RESULTS 

The pre-vaccination mean antibody concentrations (Table 7.1) in the BKME

exposed and control groups were not different (two-tailed p = 0.567). The post

vaccination antibody levels however, were higher in the BKME-exposed than control 

group (p = 0.029). The change in BCG antibody levels from the preimmunized to the 

post-vaccination levels were measured in both groups. Data showed a significant 

increase in relative anti-mycobacterial immunoglobulins for both the control and the 

BKME-exposed group. The control group's preimmunization antibody levels were 

121% of the standard, while post-vaccination levels were 165% of the standard. The 

exposed group's pre- and post-vaccination antibody levels, relative to the standard, were 

130% and 256% respectively. Thus, the exposed mink had a greater humoral immune 

response to vaccination than did the control mink. 

There were no differences in body weight loss between the groups at the start or 

the end of the 26 week study (Table 7.2), although in midwinter the BKME-exposed 

group had lost less weight than the control group. Cortisol concentrations were, 

expectedly, highest during midlactation, a time of intense physiological and social 

demands (Table 7.3). 

7.4 DISCUSSION 

Mink exposed for 26 weeks to dietary BKME mounted a significantly greater 

antibody response following vaccination with mycobacterium than did the control mink. 

The antibody response which was stimulated in both control and BKME-exposed 
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groups, led to increases in antibody levels of35% and 97% respectively, over the 

prevaccinallevels. The levels of antibody found in the pre-vaccination sera were above 

anti-BSA background values indicating that the mink had previous exposure to 

mycobacteria or related antigen. This was not unexpected, since a portion of their diet is 

based upon offal from swine and poultry slaughter houses. Mycobacterium avium is 

reported to be present in up to 26% of Canadian flocks, and up to 50% in the north 

central United States which borders the prairie region of Canada where this study took 

place (Thoen and Karlson, 1991 ). Offal from subclinically infected swine could also 

provide a route of exposure for mink. Mink are readily infected by oral exposure to 

contaminated offal (Thoen and Himes, 1981 ). Infection may not result in the 

development of lesions, although sensitivity to tuberculin may be present. 

The control group weighed less in midwinter than did the BKME-exposed group. 

Severe malnutrition is known to interfere with normal immune function, and appears to 

target T lymphocyte driven cell mediated immunity, while sparing B lymphocyte 

functions (Tizard, 1992). These mink, however, were vaccinated after the temporary 

winter weight loss had reversed, and differences between group weights were 

diminishing. Antibody levels were measured late in the study when there was no longer 

a difference in body weights between the goups. 

The mink were exposed to compounds in the BKME diet for 26 weeks, which 

was assumed to be sufficiently long to allow compounds which would bioaccumulate, to 

reach equilibrium and produce any observable effects associated with such exposure. In 

metabolic studies of mink, residue levels of PCB acquired through the diet reached 



114 

equilibrium after approximately 8 weeks (Homshaw et al., 1983). Residues in those 

mink were highest during midwinter indicating that, as fat stores were mobilized during 

cold weather, PCB residues were concentrated in the fat depots. There were no 

hematological, biochemical, or clinical signs of ill health associated with the midwinter 

weight loss of the mink in this study (section 4.3). 

Modulation of the immune system has been previously described in BKME-

exposed fish. One study demonstrated a marked reduction of lymphocytes in fish from a 

heavily polluted site compared with those from a reference area, and this lymphopenia 

was observed concurrently with increased frequency of fin and tail pathological changes 

(Andersson et al., 1988). In wild and hatchery reared salmon from BKME-contaminated 

river systems, immunocompetence was assessed by quantifying the ability of pronephric 

lymphocytes to produce antibodies in vitro using a hemolytic plaque assay and plaque 

forming colony (PFC) response. Similarly to the mink described in the present study 

which had increased antibody production by B lymphocytes, the wild fish from the 

contaminated site had a 30 to 70% increased PFC, i.e., antibody producing cell, response 

compared to the reference site wild fish (State ofWashington Department of Fisheries, 

1992 ). In another fish study, an increased incidence of Bacterial Kidney Disease was 

seen in fish exposed to BKME (Servizi et al., 1993). In contrast, other fish studies 

associated with BKME exposure, showed immune function not to be affected 

(Kloepper-Sams and Benton, 1994; Haley et al., 1995). 

The increase in B lymphocyte response may have been due to specific humoral 

immunostimulation, or to immune alteration or deviation. Following exposure to an 
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immunotoxin, the balance between antibody production and cell mediated responses 

reflects changes occurring early in the immune response (Bretscher, 1981 ). The T helper 

1 (Th1) response promotes strong cellular immunity, while a Th2 response results in a 

dominant antibody response (Clerici and Shearer, 1994). The hypothesis of a balance 

between antibody and cell mediated immune responses has been proposed in association 

with acquired human immunodeficiency virus disease susceptibility (Clerici and Shearer, 

1994; Rook et al., 1994). Some factors influencing this balance are proposed to begin 

with the nonspecific inflammatory response; macrophages and NK cells release IL-2, IL-

12 and INFy which favour a cell mediated immune response, while Th2 lymphocytes, 

mast cells and macrophages release IL-4 which stimulates B lymphocyte differentiation 

and antibody production (Garside and Mowat, 1995). It appears that BKME exposure 

in some way either promotes a Th2 response, or suppresses Th 1 lymphocytes, or does 

both, resulting in the modulation of the humoral and delayed type hypersensitivity 

responses which were evident in these studies. 

The immune response can be affected by stress. A widely used indicator of stress 

in many species is serum cortisol level. In one study with wild BKME-exposed fish 

(State ofWashington Department ofFisheries, 1992), increased antibody levels were not 

accompanied by an elevation in cortisol levels, while in another study, acute stress and 

increased cortisol titres in salmon were directly correlated with both a reduction in the 

antibodies produced by pronephric lymphocytes, and decreased resistance to a common 

fish pathogen (Maule et al., 1989). In an immunotoxicity study on Japanese quail 

( Cotumix cotumix) experimental corticosterone treatment which caused suppression of 
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the cell mediated immune response to phytohemagglutinin, did not decrease antibody 

response (Grasman and Scanlon, 1995). In mallard ducks injected with dexamethazone, 

antibody titres were decreased, while natural killer cell activity was increased (Fowles et 

al., 1993). Glucocorticoids generally appear to favour activation of the Th2 

lymphocytes which promote a humoral immune response (Rook et al. 1994). However, 

in the BKME-exposed mink, there was no difference in cortisol levels (Table 7.3) 

associated with the elevated post-BCG immunizaton antibody levels or the suppressed 

DTH response seen in these mink after 26 weeks on the experimental diet. 

The BKME-exposed mink in this study had a decreased delayed type 

hypersensitivity response indicating cell mediated immunotoxicity (section 5.3). This 

provides evidence of a shift in the balance of the immune response in BKME-exposed 

mink towards Th2. Thus, BKME components appear to be affecting the immune 

modulation specifically through changes to the proportions ofT cell subpopulations. 

Serum cortisol levels were monitored as a general indication of the level of stress 

experienced by the mink. In spite of a statistically significant increase in pretrial and 

midwinter cortisol in the BKME-exposed group, the levels in these mink at all times 

were substantially lower than the reference value for mink cortisol of 298±29 nmol/L 

(V altonen, 1989). Thus, in effect there were no differences in circulating cortisol 

concentrations. There was also no association, based upon a Pearson correlation test, 

between cortisol levels in these mink, and the elevated post-BCG immunization antibody 

levels described here. 

In the present study a modified ELISA for measuring mink antibodies to PPD of 
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mycobacteria was developed. In previous work, antibody responses in mink (Rivera et 

al., 1994) and other wildlife species (Thoen and Himes, 1981; Ross et al., 1993) were 

discussed, and the ELISA data were expressed as optical density values. Our use of a 

reference scale allows data to be expressed in relative units. This reduces problems of 

systematic and random variability, and inconsistent experimental conditions. Such 

problems can confound interpretation of data expressed either as end-point antibody 

titres, or as untransformed absorbance readings at a singe dilution (Malvano et al., 

1982). This method provides the added advantage ofusing serial dilutions, i.e., multiple 

measurements, to create the response curves of both the test and standard sera. 

Results from this work demonstrate that the BCG vaccination protocol used here 

is useful for assessing humoral immunity in mink, in spite of the potential for them to 

have naturally acquired exposure to mycobacterial antigen. The development of an 

ELISA to detect antibodies to mycobacterial antigens, prototypic antigens used to 

measure delayed type hypersensitivity, is a valuable tool for comparative studies. 

The increased circulating antibody levels observed in the mink in this study, along 

with suppression of their cell mediated immune response (section 5.3) indicate immune 

alteration from BKME-exposure. These findings support the principle of a balanced 

expression of the immune response, with enhancement of one arm occurring together 

with suppression of the other arm. Studies on effects ofBKME components on the 

developing immune system, i.e., a second generational study, would provide valuable 

insight into the characterization of immune alterations associated with such exposure. 

How these findings relate to disease resistance or competitive fitness in mink is not yet 
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clear. The methods described herein could be adapted for use in wild mink, and applied 

to investigations of possible immunotoxicity in situations where environmental 

contamination is a concern. 
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Figure 7.1 Western blotting of the Bacille Calmette-Guerin (BCG) culture supernatant, 
subsequent to cell rupture in the french press, shows the dominant protein to be 
approximately 70 kilodaltons. This is the major protein conserved in subsequent 
extractions post-sonication of the BCG culture, and in the rinse supernatants. 

1. Supernatant post -sonication ( 15X) 
2. Rinse supernatant 
3. Supernatant post-french pressing (3X) 
4. Blank 
5. Cell residue post-french pressing and sonication 
6. Protein standard 
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Table 7.1 Anti-bacille Calmette-Guerin (BCG) antibody concentrations (% relative 
to the standard•) (mean ±SE) in control mink and mink chronically 
exposed to dietary bleached kraft mill effluent (BKME), before and after 
vaccination at wk 20 with BCG. 

control dietb BKME dietc %of 

wk n=19 n=19 controld 

preimmunization 0 121±15 130±17 107 

post-vaccination 26 165±17 256±35 156 

% of preimmuner 135 197 

p value' 0.0003 0.0001 

• sera from one control mink was run as the standard and tested on every plate. 
b water and diet contain no BKME. 

0.567 

0.029 

c diet contains 45% BKME-contaminated fish, 15% BKME; water contains 25%BKME. 
d antibody levels in BKME-exposed compared to control diet mink. 
e /-test on natural logarithm transformed data; p value = probability of no diet effect. 
r antibody levels post-vaccination compared to preimmunization. 
8 paired /-test on natural logarithm transformed data, p value for the probability of no 

effect of vaccination with BCG. 
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Table 7. 2 Body weights (mean ±SE) of mink after 16 weeks (midwinter) and 26 
weeks (midlactation) on the experimental diets, compared with pretrial 
weights. 

diet n pretrial weight (g) midwinter weight (g) midlactation weight (g) 

control• 20 1180± 43 

1161±32 

0.735 

• water and diet contain no BKME. 

838±39 

945±24d 

0.026 

1041±23 

1079±37 

0.384 

b diet contains 45% BKME-contaminated fish, 15% BKME; water contains 25% BKME. 
c probability of no effect of diet on body weight. 
d BKME-exposed mink are heavier than control mink. 



Table 7.3 

diet 

control• 

BKMEb 

p valuec 

Cortisol levels expressed in nmol/L (mean ±SE) in mink after 16 
weeks (midwinter) and 26 weeks (midlactation) on experimental 
diets. 

pretrial midwinter midlactation 

n nmol/L nmol/L nmol/L 

20 71.1±10.1 55.0±11.4 228.9±28.1 

20 99.1±8.7 87.8±11.0 221.5±22.5 

0.044 0.045 0.839 

• diet and water contain no BKME. 
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b diet contains 45% BKME-contaminated fish, 15% BKME; water contains 25%BKME. 
c probability of no dietary effect on cortisol levels (N.B. reference range for mink 

cortisol 298±29nmol/L (Valtonen, 1989)). 



8.0 EFFECTS OF DIETARY BKME ON HEPATIC RETINOID 

CONCENTRATIONS IN MINK 

8.1 INTRODUCTION 
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Previous studies have shown that birds and fish exposed to pulp mill effluent have 

decreased serum and hepatic vitamin A levels (Spear et al., 1986; Spear et al., 1990). In 

white suckers exposed to municipal and industrial effluents containing PCB, P AH and 

heavy metals, both male and female fish had lower hepatic retinoids than reference site 

fish. Age of the fish was an important variable, with hepatic retinoids increasing with 

age at the reference site (Branchaud et al., 1995). The total hepatic vitamin A stores of 

fish from the contaminated site were 10% (females) and 30% (males) of those at the 

reference site, although reference levels of vitamin A for the male fish were only 60% of 

levels for female fish. The three forms of hepatic vitamin A; retinol, P carotene and 

retinyl palmitate, occurred in different proportions in male and female fish sampled 

during spawning, and changed with the age of the fish. No comparable studies have 

been carried out on similarly exposed semi-aquatic mammals. A survey of grey seals 

(Haliochoerus grypus) in an environment not known to be contaminated with 

anthropogenic compounds exhibited an age dependant increase of vitamin A in serum, 

blubber and liver among mature males. Juvenile males and females had similar vitamin A 

levels, but lactation in adult females resulted in widely variable levels in all three 

compartments (Schweigert et al., 1987). 

Reductions in hepatic vitamin A stores occurred concurrently with induced 
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EROD activity in mink exposed to various PCB congeners (Brunstrom, 1992). 

Exposure to PCB and concurrent hepatic retinoid depletion are partially explained by 

enhanced vitamin A catabolism by retinoid-specific cytochrome P450 and the phase IT 

enzyme, UDPGT (Bank et al., 1989b ). The modulation of other known retinol 

esterification enzymes (Chen et al., 1992), or involvement in retinoid metabolism by 

other pathways should also be considered. Another mechanism proposed for the retinoid 

depletion seen with PCB and TCDD exposure is through the loss or transformation of 

peri sinusoidal stellate cells (lipocytes, or vitamin A storing cells) subsequent to toxic 

damage (Chen et al., 1992). Toxic damage or inflammation promotes the transformation 

of stellate cells to actively dividing myofibroblasts, which lose their lipid droplets and 

retinoid stores, and begin extracellular collagen production (Blomhotfand Wake, 1991). 

Liver stellate cells normally contain 80-90% of the hepatic retinoid stores (Blomhotf and 

Wake, 1991). 

Vitamin A is known to have a stimulatory effect on the immune system and helps 

maintain the integrity of mucosal surfaces (Ross, 1992). Infectious disease induces 

vitamin A deficiency, and this deficiency is correlated with immune dysfunction (Semba 

et al., 1994; Cantoma et al., 1995). The immunological basis for impaired immunity 

associated with vitamin A deficiency has been studied using a mouse model and parasite 

infections (Cantorna et al., 1995). The parasitic antigens normally stimulate a strong 

Th2 immune response resulting in increased levels of antigen-specific IgG and increased 

eosinophil synthesis in the bone marrow, and subsequently eosinophilia in circulation. In 

vitamin A deficient animals, parasite infection stimulated a Th 1 dominated response, and 
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resultant low levels of antigen-specific IgG and circulating eosinophils. Three processes 

were involved in the Th imbalance; antigen presenting cells had an increased capacity to 

induce INFy synthesis by Th1 lymphocytes; there was inadequate negative control of 

INFy gene expression in the Th1lymphocytes; and Th2lymphocytes failed to mature 

and differentiate into IL-4, IL-5, and IL-10 secreting cells. The addition ofvitamin A 

caused the down regulation of antigen presenting cell function that promoted Th 1 INFy 

gene expression, and supported Th2 differentiation, thus restoring the appropriate lgG 

responses (Cantorna et al., 1995). 

While there are no PCB in pulp mill eftluent, the eftluent does contain a wide 

variety of chlorinated organics, so whether the mechanism described which alter vitamin 

A status, may be stimulated with other organochlorine compounds that exist in BKME 

remains to be elucidated. Bleached pulp mill eftluent induced hepatic EROD in the mink 

in this study (section 4. 3. 6). The determination of hepatic vitamin A levels could provide 

information allowing comparisons between mink and other BKME-exposed species. 

Any observed changes in hepatic vitamin A status could have future detrimental effects 

on mink health and reproduction. Enzyme induction in PCB exposed mink does not 

reach the levels seen in other related species after similar exposure, which may indicate 

hepatotoxicity, or it may represent a maximal response in mink (Hakansson et al., 1992). 

8.2 MATERIALS AND METHODS 

Twenty female mink plus 10 male mink were exposed to BKME for a 7 month 

period spanning puberty (males only), winter conditions (-10° to -35°C ), breeding, 



gestation and lactation. The control mink (20 females, 10 males) on a similarly 

formulated but uncontaminated diet experienced the same managerial, environmental, 

and physiological conditions as did the BKME-exposed group. 
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Stellate cell density was ranked on hematoxylin and eosin stained liver sections as 

follows; fewer than 5 lipocytes per high power field (HPF = magnification 400X) = 1; 5 

to 10 lipocytes per HPF = 2, greater than 10 lipocytes per HPF = 3, and the resultant 

data were expressed as mean rank. 

Immediately post-euthanasia, approximately 1.5 g ofhepatic tissue were 

collected from the caudate lobe and papillary process of each experimental mink's liver. 

The samples were minced, wrapped in plastic, placed in cryovials and frozen in liquid 

nitrogen (-180° C). They were stored at -80° C until analyzed. 

Each sample was analyzed in duplicate, with a sample from a non-experimental 

animal of the same species as an internal control. Analyses were carried out by the 

Toxicology Section, Animal Health Laboratories Branch, Alberta Agriculture, 

Edmonton, AB, using techniques described in their Laboratories Methods Manual 

(1995). 

8.3 RESULTS 

The hepatic vitamin A levels (total hepatic retinol including both retinol and 

retinyl palmitate) in BKME-exposed females (15,930 ~gig) was not different from 

control group levels (16,850 ~gig) (p=0.60). Male mink exposed to BKME had much 

lower hepatic retinoid stores (3,254 ~gig) (p=0.002) than did those on the control diet 
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(10,520 J!g/g). Comparisons were made using one-way analysis of variance (females), 

or, a Kruskal-Wallis one-way ANOV A (males) for nonparametric data. 

Hepatic vitamin A levels for both sexes in the experimental population ranged 

from 617 J!g/g to 26,990 J!g/g liver wet weight (Table 8.1 ). In the control group 

including males and females, vitamin A levels were higher (14,740±1005 Jig/g) than in 

the BKME-exposed group (11,850±1467 J!g/g) but these were not significantly different 

from eachother. A Rank sum two-sample test revealed a highly significant effect 

(p=O.OOOO) of sex on vitamin A concentrations. In a two-way ANOVA this group-sex 

interaction was confirmed (p=0.005). 

Based upon Pearson's correlation coefficients, there was no evidence of an 

association between hepatic vitamin A stores and EROD activity in the control or 

BKME-exposed female mink. Spearman rank correlations for nonparametric data 

showed no correlation between vitamin A concentrations and EROD activity for either 

group of male mink (Table 8.3). 

The abundance of hepatic stellate cells (lipocytes ), which play a significant role in 

vitamin A storage in the liver (Goodman and Blaner, 1984; Blomhoffand Wake, 1991), 

was evaluated histologically (Table 8.2). A Kruskal-Wallis one-way ANOVA of 

nonparametric ranked data showed the control group livers to have significantly higher 

populations of stellate cells (p=0.007) than the exposed mink livers. Spearman 

correlation tests, however, revealed no correlation between stellate cell abundance and 

hepatic retinol levels (Table 8.3). 
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8.4 DISCUSSION 

Hepatic retinol concentration in both groups of females was considerably higher 

than in the control males in this study. The females were all two or three years old while 

all the males were one year old. This difference is most likely to be related to their age 

and the role of the liver as a storage organ for excess dietary vitamin A This is 

supported by another study of vitamin A in mink in which the two-year old control mink 

had 2. 75 times higher hepatic vitamin A than did the one-year old control mink 

(Hakansson et al., 1992). These mink had hepatic vitamin A levels about 100-fold higher 

than those found in commonly used experimental species. The usual age for 

experimental work with laboratory rodents begins at about 6 - 8 weeks of age, compared 

to the mink in this study, as well as that ofHikansson eta/. (1992) which were one to 

three years old. 

There has been little research apart from the fish study by Branchaud eta/. 

(1995) in which sex differences have been seen, or looked for, in relation to 

environmental xenobiotics and effects on body vitamin A stores. Altered intestinal 

absorption of dietary P carotene and hydrolysis to retinol and retinyl palmitate by 

intestinal epithelial cells or hepatocytes, is unlikely to be responsible for the differences 

observed, since such differences would be expected to be seen in the female mink on the 

same diet. There may be other factors associated with physiological status of either sex 

at the time of death that could have affected the absorption, or modulated the 

metabolism of hepatic retinoids, and thus account for the overall sex difference seen in 

vitamin A concentrations. 
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In mammals, hepatic vitamin A is stored in both parenchymal cells and 

nonparenchymal stellate cells (Goodman and Blaner, 1984). Although stellate cells are 

distributed fairly homogeneously throughout the liver lobule, those cells in the periportal 

area tend to store considerably more vitamin A than the centrilobular stellate cells 

(Blomhoffand Wake, 1991). There were fewer stellate cells apparent on histological 

evaluation of hematoxylin and eosin stained liver sections in the exposed compared to 

control mink, which is compatible with the observations of lower hepatic vitamin A 

concentrations in the exposed group. 

One toxicological study into the effects of PCB on quail described sex differences 

in hepatic vitamin A concentrations. However, in females, egg laying alone caused 

greater reductions in hepatic vitamin A levels, than did exposure to PCB in females in 

whom egg production was suppressed (Cecil et al., 1973). Hepatic vitamin A in non-egg 

laying females was reduced to half by exposure to PCB. Male control quail had 2-3 

times higher levels of vitamin A than did control females and, as with the females, these 

levels were reduced to half the original levels by similar exposure to PCB. 

Retinoids are transported in circulation together with thyroid hormones, both 

bound to retinol binding protein. In the present study, the BKME-exposed male mink 

had enhanced EROD induction, but nothing was known about other metabolic pathways, 

or other enzymes within the MFO system, which also may have had increased activity. If 

there was a more generalized MFO induction in these animals which was enhancing the 

metabolism of hepatic retinoids, one would have expected to see decreased hepatic 

vitamin A concentrations in the BKME-exposed females as well. The males did show 
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slightly greater EROD induction (2.0) than the females (1.8) (section 4.3.6), and a 

significantly increased liver somatic index (p=O. 007), while with the females there was 

only a trend towards a larger relative liver size. The search for a possible relationship 

between EROD induction and vitamin A levels revealed no significant correlation in 

either the control or exposed male or female mink. In studies by Brunstrom eta/. (1991) 

PCB-exposure in mink that resulted in decreased vitamin A stores, was directly 

associated with increased EROD activity. 

One can only speculate on possible explanations for the decreased liver vitamin A 

in the males. With the males in a post-breeding phase, requirements for testosterone on 

the decline, and testosterone concentrations reaching basal levels by the end of March 

(Sundqvist et al., 1984), there may be upregulation of metabolism of such molecules. 

The enzymes involved with sex steroid metabolism may have receptors which also 

recognize some of the storage forms of vitamin A, resulting in enhanced glucuronidation 

and urinary excretion of hepatic retinoids. 

In many species, host factors such as sex, age, physiological status, species 

longevity, and analytical factors such as the numerous storage forms of hepatic vitamin 

A, all add to the complexity of interpretation of vitamin A analysis. 

Because the mink had just come through the demands of the breeding season, 

generalized mobilization ofbody lipids could have included lipocyte retinyl esters, but in 

that case, one would have expected similar responses by both groups of males. 

Because vitamin A plays such an integral role in animal development and cellular 

differentiation, the correlation of vitamin A levels with the immune response was tested. 
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Only the female mink were involved in the immunotoxicity studies because the assays 

were in development while the trials were in progress, and the males were euthanized 

before the assays were ready for application to the study population. Pearson correlation 

tests were used to examine relationships between vitamin A concentrations in the liver, 

and post-vaccinal serum antibody levels, or delayed type hypersensitivity responses to 

intradermal mycobacterial injection. There was no correlation in control or BKME

exposed female mink between antibody levels and vitamin A. The DTH response of the 

control females did show a correlation with vitamin A (0.44, p=O.OS), but this was not so 

in the BKME-exposed females, or when all the females were considered as a group. 

Because a significant correlation of vitamin A concentration with two different immune 

responses was limited to one response in one group, these data do not provide evidence 

of a causal relationship. 



Table 8.1 Hepatic retinol concentrations (mg/g liver wet weight)(mean±SD) in female and male mink 
exposed to experimental diets for approximately 7 months. 

diet n sex retinol 

Control a 20 F 16850±4920 

BKMEb 20 F 15930±5581 

Control 10 M 10520±4107 

BKME 9 M 3254±1729 

Control 30 M&F 14740±5505 

BKME 30 M&F 11850±7763 

BKME+Control 39 F 16400±5358 

BKME+Contro1 19 M 7076±4862 

a Food and water contain no BKME. 
b Food contains 45% BKME-contaminated fish, 15% BKME; water contains 25% BKME. 
c Probability of no effect of diet on hepatic retinoid stores. 
d Significant difference between groups; Kruskal-Wallis one-way analysis of variance. 

P valuec 

0.60 

0.002d 

p=0.15 

p<O.OOle 

c Significant effect of sex on hepatic vitamin A; one-way analysis ofvariance (Bonferroni comparison ofmeans).d 

132 
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Table 8.2 Perisinusoidal stellate cell density, and ethoxyresorufin-0-deethylase 
(EROD) activity in the livers of male mink on control or bleached kraft 
mill eftluent (BKME) contaminated diets. 

diet 

controlc 

BKMEd 

stellate cell 
densitY 

13.1 

6.6 0.007 

0.167±0.02 

0.340±0.04 

p valuer 

0.0004 

a Density of lipocytes were ranked as: 1 ( <5 lipocytes per high power field (HPF) ); 
2 (5-10 lipocytes per HPF; 3 (>10 lipocytes per HPF); and expressed as mean rank. 

b EROD activity: nmoVg microsomal protein/minute (mean ±SE). 
c Food and water contain no BKME. 
d Food contains 45% BKME-contaminated fish, 15% BKME; water contains 25% 

BKME. 
c Kruskall-Wallis one-way analysis ofvariance for stellate cell density; probability of no 

treatment effect. 
r One-way analysis of variance ofEROD activity; probability of no effect of diet. 

Table 8.3 Correlation of hepatic vitamin A (retinol) concentrations, with stellate 
cell density, and EROD activity, in male mink exposed to dietary 
bleached pulp mill eftluent for 7 months. 

hepatic retinol 

stellate cell 
densitY 

0.53 

parrs 
included 

19 

a Spearman rank correlation for nonparametric data. 
b Pearson correlation for parametric data. 

EROD 
activitY' 

-0.49 

parrs 
included 

18 
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9.0 GENERAL DISCUSSION 

This is the first work in which the effect of dietary BKME have been studied in 

mammals. The driving force which resulted in the development of this thesis was the 

desire to develop some means of assessing the risk to the general health and well-being 

of mammalian wildlife associated with exposure to environmental contaminants. Most 

studies involving the potential toxicity of anthropogenic compounds in the environment 

have been based upon observations of the biological endpoints of survival and 

reproduction in specific populations. 

This study was designed to challenge the mink with levels of exposure to 

compounds in effiuent that realistically could be encountered downstream from a large 

pulp mill's discharge point. The study included a broad base of biological variables in 

order to scan a full range of potential toxicological effects associated with BKME 

exposure. To achieve this, continuous health assessement of the experimentally 

exposed animals was carried out. Behavioural evaluation was limited due to the fact 

that the mink were in a captive environment. Nonetheless, changes in appetite, 

response to human proximity and handling, activity levels and intraspecific interactions 

were recorded. Regular monitoring of physiological variables was done to disclose 

changes in hemopoiesis, inflammatory activity, general stress experienced by the mink, 

occurrence of disease, early damage occurring in major organs, as well as survival. 

Close observation and evaluation of reproductive performance, including testicular 

development, breeding behaviour, gestation, litter size and kit survival, addressed these 

biological end points relevant in ecological risk assessment. Evaluation of pathology in 



all the animals involved in the three trials provided another means of determining 

whether there were changes related to the experimental treatment. 
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All the studies revealed few significant gross or microscopic changes in body 

tissues of exposed mink, and there were no biologically significant biochemical or 

hematological changes associated with exposure to BKME. Other physiological 

factors including body weight, hormone levels, and reproductive variables including kit 

growth and survival, remained unaffected in these one-generational exposures to pulp 

mill effiuent. There was induction of hepatic EROD, an enzyme involved in 

detoxification, in both sexes. Hepatic vitamin A concentration was decreasing in the 

male mink exposed to dietary BKME, while hepatic retinoid levels in similarly exposed 

the females remained unaffected. Immunological methods were successfully 

developed for application to mink, allowing the evaluation of both the specific cell 

mediated immune response (DTH and lymphocyte blastogenesis), and the antibody 

mediated immune response. Both the antibody and cell mediated immune responses 

were assessed using immunization and challenge with BCG. Results from the 

immunological studies in the female mink demonstrated immune modulation from 

dietary BKME exposure, which was expressed as enhanced anti-BCG antibody 

production, and suppressed delayed type hypersensitivity reaction in the BKME

exposed mink. 

In the discussion that follows, specific aspects of the work will be considered. 

This section will cover the major findings of the research, how the findings which are 

presented in different chapters relate to one another, and what these results might mean 
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in free-ranging populations of mink exposed to BKME or other environmental 

toxicants. The specific topics of focus will be; a) the role of unplanned stressors in this 

type of study and controls used to deal with these; b) EROD induction and the concept 

of biomarkers; c) immunotoxicology; and d) hepatic vitamin A reserves. The 

discussion will conclude by comparing this research design with the traditional 

approach to environmental toxicity studies. 

9.1 Stress and Control Groups 

The issue of experimental controls was important. All the endpoints in this 

research were subject to influences other than BKME. Appetite, behaviour, breeding 

performance, and mothering may all be changed in animals experiencing undue stress. 

Besides the social stress of being in a captive environment, unknown nutritional factors, 

the demands of lactation, or the extreme cold of prairie winters all could affect the 

immune response. It could be argued that the control mink, males and females, were 

experiencing some of these non-experimental stressors, making them dubious controls. 

However, these animals were maintained in a fashion commonly used with captive 

mink. To control for the effects of unexpected environmental stressors, a group of 

normal ranch mink from the same population as the experimental animals, served as a 

"double control" for all the reproductive variables (section 4.3.7), and inadvertenly for 

disease variables as well. All mink, being housed in the same shed, thus experienced 

the same environment, management and handling as the research population, so these 

factors were, in fact controlled for. The contributions from challenges other than 



BKME exposure were considered at each stage of these studies, control mink were 

used, and when doubts arose, a double control group was added. For mammals 

generally, the effects of stress on peripheral blood leukocytes, i.e., neutrophilia, 

leukopenia, and monocytosis, are well documented in veterinary medicine. The 

absence of any of these changes provides furthur support that nonspecific stressors 

were not confounding the observations in these study mink. Therefore, the changes 

described in these studies were due to primary effects of dietary exposure to the 

mixture of components which make up bleached kraft pulp mill eftluent. 

9.2 EROD Induction 
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Because of the absence of clinical or pathological differences between BKME

exposed mink and control mink in both males and females, it became important to 

address the question of whether the experimental animals were indeed showing any 

evidence of being affected by any of the numerous xenobiotic compounds in bleached 

pulp eftluent. To achieve this, hepatic monoox.ygenase induction was measured 

through an assay for EROD activity, and was found to be increased in both male and 

female mink exposed to BKME (section 4.3.6). 

Monitoring the health status of animals inhabiting areas affected by 

environmental contaminants, such as pulp mill discharges, has been attempted through 

the use of various biological and biochemical parameters often referred to as 

"biomarkers". Numerous potential biomarkers representing the impact of 

environmental toxicants on exposed populations have been employed. The usefulness 
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of such biomarkers depends upon their relevance to important biological factors such 

as health, abundance, and distribution of the animals at risk of exposure. Increased 

hepatic EROD activity in exposed animals has been considered as evidence of adverse 

effects from the environmental toxicants. It may more appropriately be used as an 

indicator of exposure to xenobiotic compounds. Such exposure, resulting in increased 

hepatic enzyme activity, may or may not be adverse, depending upon the effectiveness 

of the detoxification effort. The experimental mink responded, as have other species 

(birds and fish) exposed to BKME, with increased EROD activity, but the mink did not 

show other indications of toxicity. Therefore, EROD was an indicator of exposure, but 

not of clinical or subclinical toxicity or adverse effects in the absence of other findings. 

The measurement ofEROD has limited application as a predictor of toxicity in animals 

exposed to compounds of concern in the environment, but is useful as a flag of 

exposure to such xenobiotics. 

9.3 Immunotoxicology 

Little evidence of toxic effects from dietary BKME exposure in mink was found 

after the 6 week pilot study and Year one subchronic study. Therefore, in the Year 

two subchronic study, immunotoxicity was chosen as the next biological system to 

investigate (sections 5,6, and 7). 

Histopathology of the lymphoid organs was routine during post mortem 

examination, and this, along with the complete blood cell and leukocyte differential 

counts, and incidence of disease, were considered to have provided a basic 
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immunotoxicological investigation for the pilot and Year one studies. During the Year 

two subchronic study ofBKME exposure, immune function was examined in more 

detail. In order to carry out further tests of cell mediated and humoral immune 

responses in mink, techniques using mink peripheral blood mononuclear cells or other 

tissues had to be developed. The first assay developed specifically for mink tested the 

in vitro potential for proliferation and blastic transformation of peripheral blood 

lymphocytes, which is an early event in the immune response (section 5.2.2). A 

delayed type hypersensitivity response was used to evaluate the integrated systemic cell 

mediated immune response, dependent upon the interaction of CD4+ T lymphocytes, 

antigen presenting cells, tissue macrophages and various secreted effector molecules 

(section 5.2.3). A new method to assess the antibody mediated immune response by 

mink was developed (section 6). Staphylococcus aureus cell wall peptide Protein A 

was found to have a strong affinity for mink immunoglobulin, and, thus, could be used 

in an indirect ELISA for the detection of serum antibodies in mink immunized with the 

antigens DNP-KLH (section 6.2.2) and BCG (section 7.2.5). A hapten, dinitrophenol 

(DNP), conjugated to a large carrier protein (KLH) provoked a strong T cell 

dependent humoral immune response in mink which was also detectable and 

quantifiable using an ELISA (section 6.3). This method showed DNP-KLH to be an 

effective immunogen. These techniques provided a practical method for evaluating 

some aspects of both B and T lymphocyte mediated immune function. Work on the 

development of an assay for natural killer cell activity using mink peripheral blood cells, 

which would allow evaluation of one component of the nonspecific immune response, 



was carried out but required more work to be reliably applied to live mink cells. 

Otherwise, there was no evaluation of the nonspecific arm of cell mediated immune 

function in the BKME exposed mink other than general health observations, disease 

monitoring, and the histological assessment of tissues of all animals. 
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If one accepts that the in vitro response of lymphocytes reflects their 

responsiveness in vivo, lymphocyte proliferation, which is an early response of antigen

stimulated lymphocytes, was intact in the BKME-exposed mink population. The 

mitogens used, ConA, PWM and PHA all stimulate T lymphocytes, while PWM and 

LPS are B lymphocyte stimulants as well. There was no proliferative response to LPS 

combined in various proportions with dextran sulfate (which is felt to enhance the 

mitogenic potential ofLPS; P. Brousseau, TOXEN, Universite du Quebec a Montreal, 

personal communication). Therefore, using this system, it was not possible to 

determine whether the B lymphocyte population was responding to the PWM. 

Humoral immunity was assessed ex vivo/in vitro by measuring antibodies to 

mycobacterial antigen pre and post-immunization with live BCG. A protein extract 

from cultured BCG was used as the capture antigen in an indirect ELISA to quantify 

BCG specific immunoglobulin production by BKME-exposed and control mink. Both 

the control and BKME-exposed mink had increased BCG antibody concentrations 

post-immunization compared with their respective pre-immunization levels. However, 

the antibody levels of the BKME-exposed group post-immunization were significantly 

higher than those of the corresponding control group (section 7.3). These results 

demonstrated increased specific antibody production in mink exposed to dietary 
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BKME. 

The delayed type hypersensitivity skin reaction, requiring appropriate responses 

from, and intact communications between, antigen presenting cells, T lymphocytes, 

macrophages, and various cytokines (IL-2, INFy, and TNF), was suppressed in the 

BKME-exposed mink. 

The increase in B lymphocyte response may have been due to specific humoral 

immunostimulation, or to immune alteration or deviation. Following exposure to an 

immunotoxin, the balance within the immune system may be disrupted; some responses 

may be enhanced, while others may be suppressed (Bretscher, 1981 ). The balance 

between antibody production and cell mediated immune responses reflects changes 

occurring early in the the immune response. The T helper 1 (Th1) response promotes 

strong cellular immunity with IL-2, IL-12 and gamma interferon (INFy) being the 

dominant cytokines, while a Th2 response with increased IL-4 and IL-l 0 (among 

others) results in a dominant antibody response (Clerici and Shearer, 1994). The 

hypothesis of a balance between antibody and cell mediated immune responses has been 

proposed in association with acquired human immunodeficiency virus disease 

susceptibility (Clerici and Shearer, 1994; Rook et al., 1994). Some factors influencing 

this balance are proposed to begin with the nonspecific inflammatory response; 

macrophages and NK cells release IL-2, IL-12 and INFy which favour a cell mediated 

response, while Th2 lymphocytes, mast cells and macrophages release IL-4 which 

stimulates B lymphocyte differentiation and antibody production (Garside and Mowat, 

1995). It appears that BKME exposure in some way promotes a Th2 response and/or 



suppresses Th I lymphocytes resulting in the modulation of the humoral and delayed 

type hypersensitivity responses which were evident here. 
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The immune response can be affected by stress. A widely used indicator of 

stress in many species is serum cortisol level. In one study with wild BKME-exposed 

fish (State ofWashington Department ofFisheries, 1992 ), increased antibody levels 

were not accompanied by an elevation in cortisol levels, while in another study, acute 

stress and increased cortisol titres in salmon were directly correlated with both a 

reduction in the antibodies produced by pronephric lymphocytes, and decreased 

resistance to a common fish pathogen (Maule et al., 1989). In an immunotoxicity study 

on Japanese quail (Cotumix cotumix), experimental corticosterone treatment which 

caused suppression of the cell mediated skin response to phytohemagglutinin, did not 

decrease antibody response (Grasman and Scanlon, 1995). In mallards injected with 

dexamethazone, antibody titres were decreased, while natural killer cell activity was 

increased (Fowles et al., 1993). Glucocorticoids generally appear to favour activation 

ofTh2lymphocytes which promote a humoral immune response (Rook et al., 1994). 

However, in the BKME-exposed mink, there was no difference in cortisol levels (Table 

7 .3) associated with the elevated post-BCG immunization antibody levels or the 

suppressed DTH response seen in these mink after 26 weeks on the experimental diet. 

Cell mediated (T lymphocyte) immunity provides active protection against a 

wide range of pathogens, including intracellular organisms such as viruses, some 

bacteria, and fungi, and against cells undergoing neoplasic change, while antibody 

mediated immunity provides protection exclusively against extracellular antigens such 
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as bacteria and their elaborated toxins. Antibodies may also prevent viral attachment to 

cell surface receptors (Abbas et al., 1991). While an enhanced antibody response in the 

BKME-exposed mink does not guarantee a protective immunity, the suppression of 

cell mediated immune function would surely be a disadvantage in the face of disease 

challenge. In situations of natural exposure to disease, based upon the enhancement of 

antibody production and suppression of cell mediated immunity in pulp eftluent 

exposed mink, wild mink could show increased susceptibility to viral diseases. In free

ranging populations, this might be expressed as increased morbidity and mortality from 

viral diseases such as Aleutian Disease, mink virus enteritis or canine distemper. If 

pulmonary viral infection predisposes mink to secondary bacterial pneumonia, as it 

does in other species, a higher incidence of Pseudomonas pneumonia might be 

expected. 

Subsequent studies into the relevance of these findings would ideally include a 

disease challenge of mink exposed to BKME. Such a disease challenge would 

determine if the changes observed in the immune reponse of the mink would alter their 

disease resistance. The immune system is remarkably complex and diverse, 

complicating the prediction of disease susceptibily associated with observed changes. 

The interplay and multiple roles of the many different cells and secreted molecules 

involved in natural immunity, antibody and T lymphocyte mediated immunity account 

for the redundance and robustness of the immune response. 

Generally the changes in immune response seen in these mink subsequent to 

exposure to BKME did not translate into increased susceptibility to disease over the 
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course of the trial (section 4.3). Neither the exposed adults of either sex, nor their 

offspring showed overt evidence of immunosuppression. Subtle change in the immune 

system development of the mink kits could be effectively masked during early life with 

passive immunity being conferred on them by their lactating dams. If the immune 

changes were affecting the quality or quantity of immunoglobulins other than lgG, 

decreased survival, and compromised weight gain or health of the kits would have been 

expected. Such changes were not seen. 

The immune deviation seen in the antibody and DTH responses indicated that 

BKME components targetted specific stages of the immune response. Changes 

indicative of generalized suppression of the immune response, such as decreased cell 

viability or numbers, were not detected in the hematology, leukocyte counts or 

differential counts in the mink in these studies. 

9.4 Hepatic retinoids 

Hepatic retinoid levels in the BKME-exposed mink were measured because 

other environmental toxicants such as organochlorines are known to cause reductions 

in hepatic vitamin A concentration in exposed birds, fish and mammals (section 8.1). 

The dramatic decrease in hepatic vitamin A stores in the BKME-exposed male, 

but not female mink of this study begs further investigation. Were the lower 

concentrations of hepatic retinoids in the male mink primarily related to age? The 

males were young-of-the-year, while the females were two or three years old, which 

could explain why the control males had retinol concentrations approximately 30% 



145 

lower than those of the females. This however, does not explain the difference 

associated with BKME exposure. The two possible considerations are that the BKI\ffi 

somehow prevented normal accumulation of hepatic retinol, or there was increased 

catabolism of hepatic retinoids subsequent to the normal storage of vitamin A. In 

either case, sex appeared to be the major factor associated with the lower hepatic 

retinol levels in BKI\ffi-exposed mink. Specific hepatic enzymes may be enhanced due 

to metabolic demands associated with the sex steroids or other compounds active in 

male but not female mink in the post-breeding period. 

In order to pursue the questions arising from these findings, a more objective 

method to assess the abundance of the stellate cells storing retinol in the histological 

sections of liver is needed. This would permit better correlation between measured 

hepatic retinol concentrations and the observed number and size of stellate cells. Once 

a correlation could be established, histological assessment could be another tool which 

could complement the more complex chemical analysis of vitamin A which few 

laboratories in Canada perform. 

In this study there was no evidence relating decreased vitamin A levels to 

immune dysfunction. Thus, one must conclude that immune changes due to BKME 

exposure in mink are not related to hepatic vitamin A stores. Since no immune 

function tests were carried out on the male mink in these studies, any interaction 

between immune function and decreased hepatic vitamin A concentrations in mink are 

unknown. Literature reports ofvitamin A deficiency in mice (section 8.1) describe the 

associated immune imbalance to be away from antibody mediated immunity, in favour 
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of cell mediated immunity. 

Because of the critical role of vitamin A in numerous aspects of animal health 

and development, toxicity studies of mink in the wild should include hepatic vitamin A 

evaluation. Base-line data on season, age and sex related effects on hepatic retinol 

concentrations in mink would be required in order to better interpret any changes in 

vitamin A that occur secondary to exposure to xenobiotics. 

9.5 Comparison with traditional environmental toxicology 

Pulp mill effiuent has received a great deal of attention from environmentalists 

in the present decade, particularly in Canada, United States, and western Europe. In 

1992, the federal Department of Fisheries and Oceans, and the Department of the 

Environment passed revised "Pulp and Paper Effiuent Regulations" (Section 36(5) of 

the Fisheries Act, 1992), partly due to pressure from major European markets and the 

strong environmental movement there. Besides establishing more stringent limits for 

the traditionally monitored parameters such as biochemical oxygen demand, total 

suspended particulates, and in vitro acute toxicity tests, these regulations required all 

mills to conduct sequential and evolutionary environmental effects monitoring (EEM) 

of the aquatic receiving environments near their eftluent discharges, the first 3-year 

cycle report being due in April1996. The objective ofthe program was to assess the 

effectiveness of the newly instated regulations in protecting fish, fish habitat, and 

people's use of fish. 

Besides the physicochemical measurements in the receiving environment, acute 
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toxicity tests, and chemical residue analysis of the tissues of exposed animals, and 

survival and reproduction of selected species are monitored. Shortcomings associated 

with the field or experimental assessment of survival and reproduction endpoints are 

that many other possibly more sensitive responses to toxicants in the environment may 

be missed. Community analysis is a useful and sensitive measure of environmental 

health, but it is predicated upon the existence of good baseline data, the involvement of 

an excellent invertebrate taxonomist, and the knowledge of which of the species 

present are the most susceptible to the particular contaminants found at the site being 

investigated. If any of these baseline data are missing, by the time a change is 

recognized, irreversible damage may already have been done. 

No work had previously been conducted on the specific effects of pulp mill 

effiuent on mammals. Numerous aquatic and semi-aquatic mammalian species are 

exposed, both directly , through drinking the effiuent variably diluted in natural bodies 

of water (beaver, muskrat, other herbivorous wildlife), or indirectly through 

bioaccumulation ofBKME compounds through the food web (top predatory carnivores 

such as mink, otter, and in marine environments, seals). The research described in this 

thesis was developed using a selection of physiologically relevant measurements which 

would exhibit a greater sensitivity to xenobiotic compounds than do traditional 

endpoints such as mortality, or reproductive success. Behavioural, biochemical, 

hematological, physiological, and immunological changes may be induced by exposure 

to chemicals. Such changes may increase the vulnerability of a population well before 

increased death rate and reproductive failure become obvious. 
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Some endpoints have proven more sensitive than others in these subchronic, 

one-generational studies. The variables which demonstrated differences between 

BKME-exposed and control groups in this research, may also prove to be the most 

sensitive biological markers in studies of exposure to other types of environmental 

toxins. However, all the endpoints used in the pilot and both subchronic studies were 

essential to a thorough investigation. These baseline data remain very important to 

future interpretation of responses from animal species at risk of exposure to 

environmental contaminants. 
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SUMMARY AND PERSPECTIVES 

Generally, the biological impact ofBKME does not cause dramatic or even 

subclinical signs of toxicity in mink consuming a diet substantially based upon BKME 

contaminated water and food. The two significant findings associated with immune 

function and vitamin A levels do present questions and concerns about the existence of 

subtle, and potentially negative effects from exposure to pulp eftluent through 

contaminated water and bioaccumulation through the food chain. Neither of these 

findings have been described with any consistency (immunotoxicity) or at all (vitamin 

A) in other species living in pulp eftluent, or exposed toBKME through their diet. The 

lack of information on second generational effects enters a caveat regarding 

conclusions of subtle or temporary physiological effects from BKME exposure. 

The immunological techniques which were developed for this research can be 

applied to future studies of the immunotoxicity in mink. They are applicable beyond 

the questions of BKME and dietary xenobiotic exposure. 

The retinoid data produced in this work are different from those described in 

current literature. The prominent sex effect has not been reported, making decreased 

hepatic retinoid stores in the BKME-exposed males an area for further research. 

Because of the effect on liver vitamin A stores, the serum levels of vitamin A, as well as 

circulating thyroid hormone levels become of considerable interest, since they are 

frequently seen to be affected in parallel. The mechanism of vitamin A depletion, as 

well as whether there is a pattern of continued depletion post-breeding, requires 
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investigation. Questions on the impact of the depleted hepatic vitamin A stores on 

future fertility among males, or on in utero development, behavioural, physical, or 

physiological, of the offspring of exposed individuals should be answered. Depletion of 

vitamin A storage in pulp effiuent exposed animals has not been reported in other 

species, so this may reflect a response unique to mink, or it may simply reflect a lack of 

research dealing with this particular question. 

Efforts by the pulp and paper industry to decrease discharges of environmental 

contaminants of concern, notably organochlorines, (2,3, 7,8-TCDD and TCDF in 

particular), and organic matter, have resulted in greatly reduced toxicity based upon a 

battery of conventionally used biological tests (Henny, 1996 ). Yet, regarding the 

future direction of studies on the environmental impact ofBKME and effects on 

populations at risk, integrated studies from suborganismal to population levels, 

including aquatic invertebrates, vertebrates, semi-aquatic mammals and birds remain 

important. 
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Appendix A. Variables of concern in bleached pulp mill effiuentidentified by the 
Ontario ministry of the environment MISA program (Environment 
Ontario, 1989) 

RATIONALE FOR INCLUSION 
TOTALME·1·~ 

Alummwn Moderately toXIc~ ammal & suspect human 
Cad.Imwn extremely toXIc~ mcxterately btoaccwnwauve 
copper TOXIC 
Lead extremely toXIc 
Mercury .Extremely toXIc, highly btoaccwnUlattve 
Zmc Highly toXIC 

VUI.ATIL~t~, H_A L-l.!'L!.:l'!.~TED 

tsrom001cruorometnane Mutagen 
Carbon tetrachlonde ~1lg11Uy tOXIC, ammal & suspect hwnan 
Chloroacetaldehyde Mutagen 
Chlorotorm ~1lghUy tOXIC, ammal & suspect hwnan 
Chloroturanone Mutagen 
Chloropropanol Mutagen 
lJichloroacetone Mutagen 
lJichloroethane ~llghUty toXIc, aniiDa1 carcmogen 
Hexachloroacetone Mutagen 
Methylene Chlonde Mutagen 
.Pentachloroacetone Mutagen 
Pentachloropropene Mutagen 
Tetrachloroacetone Mutagen 
"l'etrachloroethene Mutagen 
'l·etrachloropropene Mutagen 
·1·ncruoroacetone Mutagen 
·l·nchloroethane TOXIC, Isomers 1,1,1-mutagen; 1,1,2-carc1nog. 
Tnchloroetnene Mutagen 

VUL.A'I'ILKS, NUN-H..A I .Uf~![!'l ~TED 

Henzene Moderately toXIc, aruma! & suspect human 
Toluene Moaerately toXIc, cancer promoter 
Uimethyl Sulfide U :S.EP A paramater 1lst 
lJimethyllJtSUUide u ~e.P A parameter 11st 

EXT.KACI'A Kl.t:s, BASE 

Ulbutyl phthalate Hwnan health nsK 

t:XTKAl TAKI .14~S, Al :IIJS 

2,4-dlchlorophenol U :Se.P A parameter llst 
4 ,5-dlchloroguruacol u ~e.P A parameter list 
2,4,:>-tnchlorophenol U :Se.P A parameter llst 
2,4,6-tnchlorophenol u :S.EP A parameter list 
3,4,5-tnchloroguruacol u ~e.P A parameter list 
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FEMALES 

Appendix B.I. Numbers of control and bleached kraft mill efiluent (BKME)-exposed mink 
with hepatic histological changes. 

Control Miruca Exposed Minkb 
n=20 n=20 

Periacinar (Pa) vacuolation 2 2 

Pa & midzonal vacuolation 5 6 

Midzonal vacuolation 2 2 

Diffuse vacuolation 4 3 

Pericholangitis M I5 II 
c " " M2 3 0 

Portal triaditis M 3 I 
d " " M2-3 I 2 

Lipocytes M 3 I 
e " M2 6 5 

" M3 4 3 

Multifocal hepatitis II 8 

a Control diet - water and food contain no BKME. 
b Exposed diet - water contains 25% BKME, food contains 45% BKME-contaminated fish, 

I5%BKME. 
c M = scattered inflammatory cells around bile ducts of portal triads, 

M2 = distinct foci of inflammatory cells. 
d M = occasional inflammatory cells in the portal triads, 

M2
-
3 = moderate to marked inflammatory population in the portal triads. 

e M < 5 lipocytes per high power field (HPF); M2 5-I 0 lipocytes per HPF, 
M3 >I 0 lipocytes per HPF. 



Appendix B.2. Prevalence of histological changes in the kidney of control mink and mink 
exposed to bleached kraft mill eftluent (BDdE). 

Distal tubule (DT) vacuolation 

DT /proximal tubular vacuolation 

DT/collecting duct vacuolation 

Ceroid pigment 

Interstitial inflammation M 
c " " M2-3 

Medullary mineralization 

Control~ 

n=20 

5 

4 

3 

4 

6 
2 

14 

a Control diet - water and food contain no BKME. 

Exposed Minkb 
n=20 

4 

0 

4 

6 

3 
4 

8 
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b Exposed diet - water contains 25% BDdE, food contains 45% BDdE-contaminated fish, 
15%BKME. 

c M = occasional inflammatory cells within the interstitium; 
M2

-
3 = moderate to marked accumulations of inflammatory cells within the interstitium. 
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Appendix B.3. Splenic activity in control mink and mink exposed to bleached kraft mill 

eflluent (BKME). 

Control MffikA Exposed Minkb 

n=20 n=20 

PALS < 15 5 3 

" 1-20 4 8 

c " > 20 10 9 

Follicular definition 1 6 8 

" II 2 6 5 

d II II 3 8 7 

Erythropoietic activity M 8 3 

II II M2 6 10 

e II II M3 5 4 

a Control diet - water and food contain no BKME. 
b Exposed diet - water contains 25% BKME, food contains 45% BKME-contaminated fish, 

15%BKME. 
c Periarteriolar Lymphoid Sheaths (PALS), counted on a mid-splenic cross section. 
d Splenic follicles were scored as follows; 

1 - PALS with follicles but no clear germinal centres. 
2 - ~ 15 PALS, with germinal centres in < 40% of follicles. 
3 - PALS with germinal centres in ~ 40% of follicles. 

e Erythropoietic activity was scored based upon the number of erythroid series cells per high 
power field (HPF); M < 5%, M2 5 - 25%, M3 > 25%. 
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Appendix B. 4. Histological changes in the lungs of control mink and mink exposed to 

bleached kraft mill effiuent (BKME). 

Control MiJlkA Exposed Minkb 

n=20 n=20 

Perivascular & bronchial M 9 6 

-associated inflammation M2 8 10 
c M3 3 3 

Bronchiolitis M 11 7 

d " M2 1 2 

Interstitial pneumonia M 3 4 

" " M2 3 5 
c " " M3 3 4 

a Control diet - water and food contain no BKME. 
b Exposed diet - water contains 25% BKME, food contains 45% BKME-contaminated fish, 
15%BKME. 

a M - thin focus of inflammatory cells around some vessels and bronchi, 
M2 

- obvious accumulation of cells associated with most vessels and bronhci, 
M3 

- active accumulation of inflammatory cells with apoptosis and some germinal centres. 
d M- scattering ofPMNs within some bronchioles, 
M2

- more PMNs in ~40% ofbronchioles. 
c M ~ 10% of lung section involved, 
M2 10- <50% of lung section involved, 
M3 ~ 50% of section involved. 



Appendix B.S. Histological assessment ofthyroid glands of mink in the exposed and control 
groups. 

Control MiflkA Exposed Minkb 

n=20 n=20 

small follicles <50% 9 9 

~50% 10 9 

perithyroiditis 3 4 

a Control diet - water and food contain no bleached kraft mill eftluent (BKME). 
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b Exposed diet - water contains 25% BKME, food contains 45% BKME-contaminated fish, 15% 
BKME. 

Appendix B. 6. Adrenal gland assessment in exposed and control groups. 

Control MiflkA Exposed Minkb 

n=20 n=20 

zona glomerulosa/fasiculata M 5 6 

cytoplasmic vacuolation M2 1 1 

inflammatory foci 2 2 

a Control diet- water and food contain no bleached kraft mill eftluent (BKME). 
b Exposed diet - water contains 25% BKME, food contains 45% BKME
contaminated fish, 15% BKME. 
M = occasional cells with foamy pale cytoplasm, 
M2 = contiguous band of cells with foamy pale cytoplasm. 
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Appendix B.7. Histological assessment of ovarian tissue in exposed and control mink. 

Control Miruca Exposed Minkb 

n=20 n=20 

1°, 2° & atretic follicles 17 13 

inflammatory cells M 4 2 

" " M2 1 1 

a Control diet - water and food contain no bleached kraft mill eflluent (BKME). 
b Exposed diet - water contains 25% BKME, food contains 45% BKME

contaminated fish, 15% BKME. 
M = scattered mixed inflammatory cell population within ovarian interstitium, 
M2 = foci of mixed inflammatoru cell population within the interstium. 



Appendix B. 8. Histological assesment of uterine sections from exposed and control 
mink. 

endometritis M 
" M2 

Control Miflk& 
n=20 

6 
3 

Exposed Minkb 
n=20 

7 
2 

a Control diet - water and food contain no bleached kraft mill eftluent (BKME). 
b Exposed diet - water contains 25% BKME, food contains 45% BKME

contaminated fish, 15% BKME. 
M = scattered population of inflammatory cells within the endometrium, 
M2 = more dense population of inflammatory cells within the endometrium. 
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Appendix B.9. Number of control mink and mink exposed to bleached kraft mill 
eftluent (BKME) with histological changes in the liver. 

Control Miflk& Control Minkb 
n=IO n=10 

Periacinar & midzonal vacuolation 1 I 

Midzonal vacuolation 0 I 

Diffuse vacuolation 1 T 

Pericholangitis M 1 3 
c " M2 1 2 

Lipocytes M 0 I 
d " M2 2 2 

5 I 

Hepatic cord atrophy M 2 I 
e " " " M2 4 1 

a Control diet - water and food contain no BKME. 
b Exposed diet - water contains 25% BKME, food contains 45% BKME

contaminated fish, I5% BKME. 
c M = scattered inflammatory cells around bile ducts of portal triads, 

M2 = distinct foci of inflammatory cells. 
d M = < 5 per HPF, M2 = 5 - 10 per HPF, M3 = > I 0 per HPF 
e M = atrophic hepatocytes with minimal vacuolation evident in hepatocellular 

cytoplasm, 
M2 = atrophic hepatocytes without hepatocellular vacuolation, with conspicuous 
sinusoids. 

r significant (p = 0. 0 I) difference between exposed and control groups. 
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Appendix B.1 0. Number of control and bleached kraft mill efiluent (BKME)-exposed 
mink with histological changes in the kidney. 

DT vacuolation 

DT/PT vacuolation 

DT/CD vacuolation 

Interstitial inflammation M 
C If II 

M2-3 

Medullary mineralization M 

d " " 
M2 

Control Minic-

n=10 

1 

6 

1 

2 

0 

2 

8 

a Control diet - water and food contain no BKME. 

Exposed Minkb 

n=10 

3 

3 

2 

1 

1 

3 

6 

b Exposed diet - water contains 25% BKME, food contains 45% BKME-contaminated 
fish, 15% BKME. 

c M = occasional inflammatory cells, 
M2

-
3 = moderate to marked accumulations of inflammatory cells. 

d M < 20 foci of tubular mineralization per renal section, 
M2 ~ 20 mineralized foci per renal section. 
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Appendix B.11. Splenic activity in control mink and mink exposed to bleached kraft 
mill effiuent (BKME). 

Control Miruca Exposed Minkb 
n=10 n=IO 

PALS < I5 1 I 
" 1-20 6 5 

c " >20 3 4 

Follicular definition 1 4 5 
" tl 2 4 3 

d " tl 3 2 2 

Erythropoietic activity M 9 3 
e " " M2-3 1 7f 

a Control diet - water and food contain no BKME. 
b Exposed diet - water contains 25% BKME, food contains 45% BKME-contaminated 

fish, I5% BKME. 
c Periarteriolar Lymphoid Sheaths (PALS), counted on a mid-splenic cross section. 
d Splenic follicles were scored as follows; 

I - PALS with follicles but no clear germinal centres, 
2 - ~ I5 PALS, with germinal centres in < 40% of follicles, 
3 - PALS with germinal centres in ~ 40% of follicles. 

e Erythropoietic activity was scored based upon the number of erythroid series cells per 
high power field (HPF); M < 5%, M2 5 - 25%, M3 > 25%. 

r significant difference between exposed and control groups (p <O.OI). 
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Appendix B.I2. Histological changes in the lungs of control mink and mink exposed to 
bleached kraft mill effiuent (BKME). 

Control MffikA Exposed Minkb 

n=IO n=IO 

Perivascular & bronchial M 3 I 

-associated inflammation M2 6 6 
c M3 I 3 

Bronchiolitis M 7 3 
d It M2 0 I 

Interstitial pneumonia M I 4 
It It M2 I 3 

c " " M3 2 2 

a Control diet - water and food contain no BKME. 
b Exposed diet - water contains 25% BKME, food contains 45% BKME-contaminated 

fish, 15% BKME. 
a M - thin focus of inflammatory cells around some vessels and bronchi, 
M2 

- obvious accumulation of cells associated with most vessels and bronhci, 
M3 

- active accumulation of inflammatory cells with apoptosis and some germinal 
centres. 

d M- scattering ofPMNs within some bronchioles, 
M2

- more PMNs in ~40% of bronchioles. 
c M ~ I 0% of lung section involved, 
M2 I 0 - < 50% of lung section involved, 
M3 ~ 50% of section involved. 
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Appendix B.13. Histological assessment of thyroid glands of mink in the exposed and 
control mink. 

Control MiflkA Exposed Mint(' 
n=lO n=10 

small follicles <50% 5 6 
~50% 4 4 

perithyroiditis 1 0 

a Control diet - water and food contain no bleached kraft mill eflluent (BK.ME). 
b Exposed diet - water contains 25% BKME, food contains 45% BK.ME-contaminated 

fish, 15% BKME. 

Table B. 14. Adrenal gland assessment in exposed and control groups. 

zona glomerulosa/fasiculata 

cytoplasmic vacuolation 

Control MiflkA 

n=10 

6 

3 

Exposed Minkb 

n=10 

4 

4 

a Control diet- water and food contain nobleached kraft mill eflluent (BKME). 
b Exposed diet- water contains 25% BKME, food contains 45% BK.ME

contaminated fish, 15% BKME. 
M = occasional cells with foamy pale cytoplasm, 
M2 = contiguous band of cells with foamy pale cytoplasm. 
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Appendix B.l5. Prevalence of histological changes in the thymus of control mink 
and mink exposed to bleached kraft mill effluent (BKME). 

Control Miruca Exposed Minkb 

n=IO n=IO 

Thymic atrophyllympholysis M 2 2 

" " " M2 4 5 
c " " " M3 4 3 

a Control diet - water and food contain no BKME. 
b Exposed diet - water contains 25% BKME, food contains 45% BKME

contaminated fish, 15% BKME. 
c M = scattered apoptotic cells in cortical areas, 
M2 = > 5 apoptotic cells per HPF, 
M3 = cortical and medullary lympholysis with loss of architecture (M:C ill-defined). 

Appendix B.l6. Number of control mink and mink exposed to bleached kraft mill 
effluent (BKME) with active seminiferous tubules in the testes. 

Control Miruca Exposed Minkb 
n=IO n=IO 

seminiferous tubules <50% 3 I 
producing sperm 50-80% 3 2 

>80% 4 7 

stromal inflammation M 4 3 
c " It M2 5 5 

a Control diet - water and food contain no BKME. 
b Exposed diet - water contains 25% BKME, food contains 45% BKME-contaminated 

fish, 15% BKME. 
c M = scattered mononuclear inflammatory cells in the epididymal stroma, 
M2 = moderate multifocal periductular accumulations of mononuclear inflammatory 
cells in epididymal stroma. 
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Appendix B.17. Histological assessment of the abundance of perisinusoidal stellate cells 
in the livers of exposed and control male mink. 

Control BKME-exposed 
Minkb lipocytes Mmic- lipocytesc 

#439 2 #405 2 

#440 2 #411 2 

#441 3 #412 3 

#442 2 #413 1 

#443 3 #414 1 

#444 2 #415 2 

#445 2 #416 1 

#446 3 #417 1 

#447 2 #418 1 

#448 3 #420 1 

• Control diet- water and food contain no bleached kraft mill eflluent (BKME). 
b Exposed diet - water contains 25% BKME, food contains 45% BKME-contaminated 

fish, 15% BKME. 
c 1 = <5 lipocytes per high power field (HPF) 

2 = 5-10 lipocytes per HPF 
3 = > 10 lipocytes per HPF 



APPENDIX C. Variables assessed in bleached kraft pulp mill effluent
exposed and control mink during one or more of the pilot 
study, and years one and two subchronic studies. 

Hematology 
red blood cell count 
white blood cell count 
hemoglobin 
packed cell volume 
neutrophils % and absolute # 
lymphocytes % and absolute # 
platelet count 

Biochemistry 
urea mmol/1 
phosphorus mmol/1 
creatinine umolll 
cholesterolmmol/1 
bilirubin umol/1 
ALTU/1 
GGTU/1 
protein gil 
albumin gil 

Histological tissue sections 
brain 
thyroid gland 
thymus 
spleen 
mesenteric/portal lymph node 
heart 
lung 
liver 
kidney 

Hormones 
cortisol nmol/1 
progesterone ng/ml 
testosterone ng/ml 
prolactin ng/ml 

testis/ ovary 
uterus 
mammary gland 
adrenal gland 
stomach 
duodenum 
ileum 
marrow 

Organ Somatic Indices 
liver SI 

Detoxification Enzymes 
ethoxyresorufin-0-deethylase 

spleen SI 
kidney SI 
ovary SI 
testes SI 
adrenal SI 
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Hepatic Vitamin A Levels 

Immunotoxicological Tests 
Lymphocyte proliferation 
Antibody production response 
Delayed type hypersensitivity response 
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APPENDIX D. 
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Preliminary study to determine palatability of bleached kraft mill 
emuent (BKME) tainting in drinking water of mink. 

mink# 5% BKME 10% BKME 15% BKME 20% BKME 25% BKME 

1 

2 

3 

4 

115• 231 168 150 133 

119 212 183 217 155 

162 177 175 219 125 

187 250 156 150 144 

a The average volume (ml) ofBKME-contaminated water consumed daily by the mink. 



APPENDIX E. Nutritional composition of mink diet (FeedRite Ltd. 
Winnipeg, AB). 

metabolizable energy 3118 kcallkg feed 

crude protein 18.5% 

crude fat 4.8% 

crude fiber 4.0% 

salt 1.2% 

sodium 0.48% 

calcium 0.95% 

phosphorus 0.8% 

copper 35 mglkg 

zmc 300 mg/kg 

iron 400 mglkg 

manganese 160 mglkg 

vitamin A 39,000 IU/kg 

vitamin D 7,000 IU/kg 

vitaminE 155 IU/kg 

thiamin 3.73 mg/kg 
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