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ABSTRACT: Efforts to classify all organochlorine compounds as
toxic substances are not supported by scientific facts. These
compounds are produced in vast quantities in marine
environments and in soil, and 2000 naturally produced
organohalogen compounds have been identified to date. Man-
made organochlorines range from persistent, toxic, and
bioaccumulative compounds like pesticides to beneficial
substances such as pharmaceuticals, analgesics, and artificial
sweeteners. It is essential to distinguish between toxic and
harmless organochlorines, just as we distinguish between
poisonous and edible mushrooms. Regulatory efforts can then be
directed toward eliminating the discharge of persistent, toxic,
and bioaccumulating substances, no matter what elements they

contain.

KEYWORDS: Adsorbable organic halogen, analysis, bibliogra-
phies, chlorine compounds, natural resources, raw materials,

Sources.

here is a widely held perception

that organochlorine compounds
are solely anthropogenic in origin.
However, with the identification of
more than 2000 naturally produced
organohalogen compounds, it is now
clear that nature can both synthe-
size and metabolize them on a grand
scale. Organochlorines are produced
in vast quantities in marine environ-
ments and in soil.

Man-made organochlorines range
from persistent, toxic, and bioaccu-
mulative compounds like pesticides
to beneficial substances like phar-

maceuticals, analgesics, and artifi-
cial sweeteners. Itis essential to dis-
tinguish between toxic and harmless
organochlorines, just as we distin-
guish between poisonous and edible
mushrooms. Efforts to classify all
organochlorine compounds as toxic
substances are not supported by the
scientific facts.

The organochlorine spectrum

There is a wide spectrum of orga-
nochlorine compounds with a broad
range of properties. The organochlo-
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rine spectrum is illustrated in Fig.
1. Some of these compounds are
highly toxic. Indeed, chlorinated pes-
ticides were designed to be toxic.
Some organochlorine compounds are
highly stable. PCBs (polychlorinated
biphenyls), in particular, were se-
lected for use because of their sta-
bility, which we now tend to
characterize as “persistence.”

The properties of organochlorine
compounds derive from the detailed
structures of the molecules and not
just from presence of chlorine. For
example, artificial sweeteners can be
prepared from chlorine compounds
(e.g., sucralose), although the ma-
jority of artificial sweeteners are ni-
trogen derivatives (e.g., Aspartame™,
the active ingredient in Nutra
Sweet®). To contend that orga-
nochlorine compounds are invariably
toxic is clearly incorrect, since
sucralose is licensed as a food addi-
tive in Canada. Likewise, chlorine
does not have a monopoly on toxic-
ity. Many of the most virulent poi-
sons are nitrogen compounds (e.g.,
strychnine). Figure 2 illustrates the
chemical structures of chlorine-
based and nitrogen-based food addi-
tives and toxins.

Organochlorine
occurring naturally

Gribble (1) has compiled an impres-
sive list of naturally occurring
organohalogen compounds found in
animals and plants. The total count
of identified substances now stands
at 2000 and is rising rapidly, as seen
in Fig. 3. The following items de-
scribe only a few of the more
suprising examples (1):
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1. The organochlorine spectrum
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dichlorophenol as an ant repellant.

The sex attractant (pheromone)
used by several types of ticks is
2,6-dichlorophenol.

Volcanos generate chlorofluoro-
carbons.

Some chlorinated prostaglandins
obtained from marine animals
have potent antitumor activity.

Some soil microbes produce anti-
biotics that are tetrachlorinated.

Lentils contain chlorinated in-
doles.

Oranges, lemons, and barley con-
tain chloroform.

A tetrabromochloro compound
accounts for 1.3% of the dry weight
of amarine sponge. This substance
is a predioxin and is 85% halogen
by weight.

White-rot fungus degrades
chlorophenols (including pen-
tachlorophenol), DDT, and PCBs.

Natural production of organ-
ohalogen is high. Marine and ter-
restrial emission of methyl
chloride is 5 million tons per year,

94 May 1995 Tappi Journal

organochlorine compounds (sucralose and dioxin)
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190 times more than man-made
emissions. Acorn worms in Japan
were found to produce 95 Ib of
organohalogens per day per
square kilometer.

Organochlorine
in rivers and lakes

In addition to the specific organochlo-
rine compounds discussed by Gribble
(1), large quantities of less-well-char-
acterized organochlorine (in the form
of adsorbable organic halide, AOX)
are discharged by pristine rivers and
streams in Sweden (2, 3) and in
Canada (4, 5). The chlorine contents

= Rushes growing in a Mississippi
salt marsh are reported to pro-
duce significantamounts of 1,2,3,4-
tetrachlorobenzene.



3. Naturally occurring organohalogen compounds reported (1)
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I. Organochlorine in animal tissue

ug Cl/g dry material

Literature
cited

OX content,

Qysters near pulp mill, 1978
Qysters near same mill, 1979
Qysters from a nonindustrial site
Antarctic krill, Wedell Sea

“Unpolluted” mussels, Lake Gatow, Germany

504 Leach et al. (14)
85 Leach et al. (14)

53-174 Leach et al. (14)
10-25 Hansen (15)
16-23 Hansen (15)

of such waters are in the range 2-
195 ug AOX/L, equivalent to 2-195
ppb. This translates into annual flows
of thousands of tons of organochlo-
rines into water bodies such as the
Baltic Sea or Lake Superior (5-7).
In one study, 135 Swedish rivers and
lakes were tested, and the majority
had AOX concentrations of 20-60 ug/
L, with some ranging up to 200 pg/L

@).
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While about 15 pg AOX/L is
present in Swedish rainwater (6-9),
much of the AOX present in rivers
and streams is thought to be gener-
ated in soil and peat bogs (10, 11). A
correlation exists between the AOX
content and the amount of humic sub-
stances present in the water (11).
The generation of organochlorine by
incubated soil samples has also been
demonstrated (12).

While the carbon-to-chlorine ra-
tio of this natural AOX produced in
soil is approximately 1000:1—indi-
cating this material to be lightly chlo-
rinated (3)—individual highly
chlorinated compounds can be pro-
duced in soils in small amounts. For
example, polychlorinated dioxins are
generated during the rotting of com-
post (13) by an unknown mechanism,
and soil fungus produces 2,4-
dichlorophenol (1).

Organochlorine in animal tissue

Leach et al. reported in 1985 (14)
that oysters from a nonindustrial lo-
cation on Vancouver Island had a
similar organochlorine content (53—
174 ppm, equivalent to 53-174 ug/g
dry material) to oysters harvested
near a pulp mill, as seen in Table I.

Since that time, Hansen (15) has
found Antarctic krill to contain orga-
nochlorine. Since these animals are
amajor component in the marine food
chain, itis quite likely that these sub-
stances can be found in other types
of fish and in whales.

Even freshwater animals contain
organochlorine. Indeed, as seen in
Table I, the levels found in zebra
mussels from an unpolluted lake
ranged from 16 ppm to 23 ppm, i.e.,
in the same range as the krill (15).

Organochlorine in wood
and plant material

The discovery of organochlorine (OX)
in unbleached kraft pulps and in ef-
fluent from an unbleached kraft mill
was a surprise. However, it is now
recognized that wood itself contains
0OX (16), which produces a small OX
content in the brown pulp (17), often
around 0.07 kg OX/ton of pulp. Be-
cause of the OX in wood, AOX levels
in effluents from TCF (totally chlo-
rine free) bleaching are not zero (16,
18). However, the organochlorine
structures in wood are likely to be
quite different to the chlorolignin
fragments present in bleach-plant
effluents and humus.

Plants and trees have been known
to produce specific halometabolites
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Il. Organochlorine content of vegetation Ill. Chlorinated fatty acids in food items @

samples *

OX content, Concentration of chlorinated fatty acid, ppm °

ug Cl/g dry material C C C C C

18:1 18:0 18:1 18:0 18:0
Food item (Cl, cl) (cl,cl) (cCl, OH) (Cl, OH) (CI, ClI, CI,OH)
Beech leaves 10-20 ]
Norway spruce needles 20-60 Sugar cookies 47.7 10.10 42.7 20.0 38.0
Yellow cake 43.1 8.47 37.9 15.2 23.4
Sphagnum moss 60-80 Biscuits 42.8 8.25 51.3 16.5 19.0
Grass 60-100 Chocolate chip cookies  40.8 8.21 26.2 15.8 n.d. ¢
Sandwich cookies 20.6 2.87 7.8 4.3 n.d.
* Data from Kersna et al. (20) Blueberry muffins 20.6 4.38 10.3 5.8 n.d.
Pancakes 2.7 0.63 3.4 1.2 n.d.
English muffins 1.2 0.26 2.2 2.6 n.d.

@ Data from Heikes (21, 22)
® C,, fatty acids were analyzed. The number after the colon indicates the number of double

¢ Not detected

bonds present. The letters in parentheses indicate the degree of chlorination.

for some time (19)—for example,
methyl chloride is produced by ce-
dar and cypress trees (1)—but only
recently has total organochlorine
content received attention. Table 11
shows values in the range 10-100
ppm OX for samples of leaves, moss,
and grass (20).

Organochlorine and people

Organochlorine in food

Two papers by Heikes (21, 22) re-
port concentrations of chlorinated
lipids in common foodstuffs. These
data are summarized in Table II1I.
When these data are recalculated as
organochlorine content, the OX val-
ues range from 0.75 ppm to 30 ppm.
However, OX in foodstuffs is not
present only as chlorolipids. A pa-
per by Wei et al. (23) indicates that
chlorolipids account for only about
57% of the total organochlorine con-
tent of white flour. Applying this cor-
rection factor to the data of Heikes
(21, 22), one could conclude that some
bakery products could contain up to
50 ppm of organochlorine.
According to Heikes, the orga-
nochlorine in bakery products comes
from the flour, which can contain as
much as 181 ppm OX in the form of
chlorolipids (22), implying a total or-
ganochlorine content of up to 318
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ppm in the flour [estimating from
the data of Wei et al. (23)].

These calculated OX numbers
seemed rather high, so we measured
the OX content of some food prod-
ucts using the method developed by
PTS (25). The results in Table 1V
confirm the values estimated from
the work of Heikes (21, 22). Surpris-
ingly, unbleached flour also con-
tained a significant amount of OX.
We have also analyzed potatoes for
organohalogen content in our labo-
ratory. Values ranged from 0.2 ppm
to 1.2 ppm on a dry basis (26).

Organochlorine in laundry

Bleaching with domestic hypochlo-
rite bleach produces significant or-
ganochlorine levels in laundry (24).
New cotton cloth baby diapers from
two different manufacturers con-
tained 17 ppm and 86 ppm of OX.
After two washes and bleaches, they
reached 82 ppm and 120 ppm OX,
respectively.

A well-used cotton T-shirt con-
tained 990 ppm OX, which fell to 350
ppm after thorough washing and sol-
vent extraction. The presence of re-
sidual OX in the fabric after solvent
extraction is an indication that car-
bohydrates can become chlorinated
(24).

Organochlorine in drinking water

Table V shows data for AOX in chlo-
rinated drinking water in the
Montreal area. The samples, taken
by the author in 1990, contained 178-
361 pg AOX/L. Other researchers
have reported TOX (total organic
halides) levels in finished drinking-
water samples from 5 U.S. cities,
with TOX ranging from 152 ppb to
549 ppb (27). [Note that in this ar-
ticle, organochlorine levels in dry
materials such as tissue, textiles, and
food are quoted in ppm (i.e., pg/g),
whereas AOX levels in drinking wa-
ter and effluents are given in ppb
(i.e., po/L)].

To put this into perspective, an
ECF (elemental-chlorine free) pulp
mill releasing 0.25 kg AOX/ton of
pulp and using 100 m® water/ton of
pulp has an effluent containing 2500
pg AOX/L, i.e., about ten times more
than drinking water. Because river
dilution is normally much greater
than 10:1, rivers downstream from
bleached kraft mills usually contain
much less AOX than does treated
drinking water. Even at the time of
the EPA’s study of 104 mills in 1988,
the majority of rivers below U.S.
pulp mills contained less than 100 pg
AOX/L (28). The levels have de-
creased markedly since that time.

There is scientific interest in dis-
covering if there are any ill effects



IV. Organochlorine content of food products

V. AOX in water samples from the Montreal area 2

OX content,
Food product  ug Cl/g dry material
Apple pie crust 34
Yellow cake mix 210
Unbleached flour 29

> Not detected; detection limit 10 pg/L

No. of
Sample samples AOX content,
type Location taken ug/L
Drinking water Pierrefonds 1 361
Drinking water Pointe Claire 5 249-313
Drinking water Ste. Anne 2 178-302
Well water West Island 2 n.d.®
Ottawa River Lake of 2 Mountains 1 27
Urine sample Ste. Anne resident 1 362

a Samples gathered in Sept./Oct. 1990 and analyzed by Paprican

from AOX produced by chlorination
of drinking water. Studies are pres-
ently being conducted (29, 30), but
there is no need for precipitate ac-
tion to change water-treatment pro-
cedures. Chlorination of water is one
of the great public health successes
of the past century, and the dangers
of waterborne disease resulting from
underchlorination seem far greater
than the risks of cancer from small
amounts of chloroform and such sub-
stances.

Two recent events have under-
lined the need for continued vigi-
lance in water purification. One was
the outbreak of waterborne
Cryptosporidium infections in Mil-
waukee in 1993, which caused sev-
eral deaths (31). The other was the
return of cholera epidemics to Latin
America. Sadly, the current cam-
paign against chlorine in North
America and Europe, and the con-
cern about chlorination by-products,
led some South American authori-
ties to decrease or shut off the chlo-
rine flow in water-purification plants,
with resulting severe loss of life (32).

Organochlorine in humans

A pioneering study in Finland
showed that urine contains AOX in
an amount that correlates with the
AOX content of the local drinking
water (33), but the extrapolated data
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indicate that urine contains a back-
ground level of about 100 pg AOX/L
in excess of the contribution from
drinking water. The single urine
sample that was analyzed from the
Montreal area (Table V) is consis-
tent with the Finnish study, in that
the urine had a higher AOX concen-
tration than associated drinking-wa-
ter samples. Three explanations
have been suggested for this extra
AOX content of urine:

1. Some of the AOX is organo-io-
dine products from the thyroid
gland (33).

2. Some of the AOX comes from food
(33).

3. Some AOX is a by-product of the
body’'s defense mechanism
against infection (34). It is
thought that white blood cells
employ a chlorination step to Kill
off invading cells (35-38).

To my knowledge, there are no re-
ports of AOX levels in blood. How-
ever, if the kidneys can extract it
into urine, then AOX clearly must
also be present in the blood stream.

It is interesting to note that the
AOX concentration in human efflu-
ent is roughly 1/10th that of a mod-
ern ECF pulp mill producing 0.2 kg
AOX/ton of pulp.

Degradation of organochlorine

Laboratory studies of AOX degra-
dation date from the report by Amy
et al., who noted that pulp-mill AOX
was adsorbed by biomass (39). They
later discovered that a portion of the
AOX was mineralized (i.e., converted
to chloride) by microorganisms in
an aerated lagoon (40). More re-
cently, Roy-Arcand and Archibald
reported that part of the pulp-mill
AOX can be destroyed by exposure
to daylight (41) or ultraviolet (UV)
irradiation (42) in the laboratory.
Significantly, UV radiation is not es-
sential, because substantial AOX re-
moval was achieved with a
blue—green light source having no
UV component (42).

Studies of AOX degradation in a
more natural setting are now under-
way. Saski et al. (43) diluted treated
effluent from a Finnish pulp mill with
lake water and retained it outdoors
in floating enclosures for 9-13
months. Up to 64% of the AOX in
the treated effluent was destroyed
in these conditions.

In a Canadian study (44), undi-
luted biotreated effluents from three
modern kraft mills were placed 20
cm and 120 cm below the surface of a
remote lake in sealed plastic bags,
permitting free passage of gases and
light. Over 132 days, most of the ef-
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fluents’ AOX was mineralized, and
the effluents remained nontoxic (by
an acute-toxicity assay). Each mill
effluent supported a distinct photo-
synthesis-based microbial commu-
nity inside the bags. Each commun-
ity had a high species diversity,
which is typical of a healthy ecosys-
tem. These communities were nearly
as rich and diverse as those found on
the outside surfaces of the bags,
which were exposed only to lake wa-
ter. This ability of undiluted
biotreated kraft effluents to promote
the growth of a wide variety of mi-
croflora and fauna over many gen-
erations indicates a complete lack of
toxicity under receiving-water con-
ditions.

These findings call into question
the Greenpeace statement, “Enough
is known about the persistence and
toxicity of organochlorines as a class
to justify an outright ban” (45).

Concluding remarks

Organochlorine molecules come in
all shapes and sizes. The organochlo-
rine spectrum is a continuum rang-
ing from toxic substances to food
additives.

Organochlorine compounds occur
naturally in all locations: in oceans,
rivers, plants, and inside both ma-
rine and freshwater animals. Some
of the organochlorine appearing in
human urine may have a natural ori-
gin within our own bodies, though it
is important to realize that we in-
gest organochlorine at ppb levels in
drinking water and at ppm levels in
some foods.

In view of the widespread distri-
bution of natural sources of orga-
nochlorine, it makes no sense to try
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to ban the industrial use of chlorine
in an effort to eliminate this class of
compounds. However, it does make
sense to eliminate the discharge of
persistent, toxic, and bioaccum-
ulating substances, no matter what

elements they contain.

Literature cited

1. Gribble, G.W., Envir. Sci. Technol. 28(7):
310A(1994); J. Natural Products 55(10):
1353(1992).

2. Asplund, G., Grimvall, A., and Petterson,
C., Sci.Total Envir. 81/82: 239(1989).

3. Asplund, G. and Grimvall, A., Envir. Sci.
Technol. 25(8): 1346(1991).

4. Fleming, B. I., Pulp Paper Can. 92(8):
7(1991).

5. Fleming, B. I., Pulp Paper 66(4): 59(1992).

6. Grimvall, A., 1st Global Conference on
Paper and the Environment, Papercast
& Economie Papetiére, Paris, 1993, p. 125.

7. Enell, M. and Fejes, J., personal commu-
nication, Aug. 1994.

8. Enell, M. and Wennberg, L., Water Sci.
Technol. 24: 385(1991).

9. Asplund, G., Linképing Studies in Art
and Science 77: 33(1992).

10. Asplund, G., Grimvall, A., and Petterson,
C., Sci. Total Envir. 81/82: 239(1989).
11. Asplund, G. and Grimvall, A., Envir. Sci.

Technol. 25(8): 1349(1991).

12. Asplund, G., Borjesson, 1., Grimvall, A,
et al., Chemosphere 28(8): 1467(1994).

13. Oberg, L. G., Wagman, N., Andersson,
R., etal., Dioxin '93 Conference Proceed-
ings, Vienna, Sept. 1993.

14. Leach, J. M., Howard, T. E., and Lanz, H.
E., Pulp Paper Can. 86(12): T398(1985).

15. Hansen, P. D., Limnologies Aktuell Vol.
4 (Neumann/Jenner, Eds.), “The zebra
mussel,” Gustav Fischer Verlag, New
York, 1993, p. 171.

16. Clark, D., CEPI position statement, Con-
federation of European Paper Industries,
Brussels, Nov. 1992.

17. Ni, Y. and van Heiningen, A., Nordic Pulp
Paper Res. J. 8(4): 351(1993).

18. Young, J., Pulp Paper 67(8): 63(1993).

19. Engvild, K. C., Phytochem. 25: 781(1986).

20. Kersnaetal., reported by Asplund in Ref.
9.

21. Heikes, D. L., J. Agric. Food Chem. 40(3):
489(1992).

22. Heikes, D. L., J. Agric. Food Chem.
41(11): 2034(1993).

23. Wei, C. L., Gharbari, H. A., Wheeler, W.
B., etal., J. Food Sci. 49: 1136(1984).
24.Tan, Z. and Reeve, D. W., J. Wood Chem.

Technol. 13(4): 501(1993).

25. PTS Method 012/90, Papiertechnische
Stiftung, Munich, June 1990.

26. Palmer, R., Boise Cascade R&D, Port-
land, OR, personal communication, March
1994.

27. Reckbow, D. A. and Singer, P. C., J.
AWWA 82(4): 173(1990).

28. NCASI Special Report 90-10, National
Council for Air and Stream Improvement,
New York, Sept. 1990, p. 17.

29. Envir. Sci. Technol. 28(8): 354A(1994).

30. Young, M. S. and Uden, P. C., Envir. Sci.
Technol. 28(9): 1755(1994).

31. Wineke, N. R., Wisconsin State Journal
April 10: 2A(1993).

32. Macedo, C. G., Bull. Pan Am. Health Org.
(Washington, DC) 27(2): 197(1993).

33. Salkinoja-Salonen, M. S. and Jokela, J.
K., Scand. J. Work Envir. Health 17:
75(1991).

34. Fleming, B., Pulp Paper 65(4): 115(1991).

35. Selvaraj, R. J., Zgliczynski, J. M., Paul,
B. B., et al., J. Reticuloendothelias Soc.
27(1): 31(1980).

36. Morrison, M. and Schonbaum, G. R., Ann.
Rev. Biochem. 45: 861(1976).

37. Klebanoff, S. J., J. Bacteriol. 95:
2131(1968).

38. Weiss, S. J., Science 234: 200(1986).

39. Amy, G. L., Bryant, C. W., Alleman, B.
C. etal., J. Water Poll. Control Fed. 60(8):
1445(1988).

40. Bryant, C. W. and Amy, G. L., Water Sci.
Technol. 21(4/5): 23(1991).

41. Roy-Arcand, L. and Archibald, F. S.,
Water Res. 27(5): 873(1993).

42. Archibald, F. S. and Roy-Arcand, L.,
Water Res., in press.

43. Saski, E., Vahatalo, A., Salonen, K., etal.,
2nd International Conference on Envi-
ronmental Fate and Effects of Bleached
Pulp Mill Effluents, jointly sponsored by
BC Environment, Canadian Occidental
Petroleum Ltd., and Sterling Pulp Chemi-
cals, Ltd., 1994, p. 40.

44. Archibald, F., Paprican, Pointe Claire, PQ,
personal communication, Nov. 1994,

45. Thornton, J., “The product is the poison,”
Greenpeace, Washington, DC, 1991.

Received for review Dec. 14, 1994,
Accepted Jan. 25, 1995.

Presented at the TAPPI 1995 Environmental
Conference.



	Main Menu
	1996 Archive
	TAPPI PRESS Catalog
	Indices
	Beginning
	Coating
	Blister Persistence
	A new laboratory method for testing paper blister in web-offset lithgraphy

	Coating Drying Modeling
	Modeling moisture distribution and binder migration in drying paper coatings

	Conference Report
	Three keynotes and translation of Japanese session highlight 1995 Coating and Graphic Arts Conferen
	”Advancing through cooperation” in Printing and Graphic Arts

	Ink Receptivity
	The influence of coating structure on the ink receptivity and print gloss of model clay coatings

	Latex Films
	Microstructure evolution in latex coatings

	Mass Spectrometry
	Direct analysis of coated and contaminated paper using time-of-flight secondary ion mass spectromet

	Printing
	Water uptake in newsprint during offset printing

	Profile
	James F. Hoover, Past Chairman, Coating and Graphic Arts Division

	Retention Agents
	An investigation into the role of water retention agents and their effects on splics

	Size Presses
	Blade versus metering-size-press coating

	Surface Analysis
	Identification and elimination of roughness patterns in coated products


	Corrugated
	Calendering
	High finish-high stiffness paperboard

	Conference Report
	Cincinnati conference makes a case for corrugated

	Corrugated Board Tests
	Quantifying the relationship between the short span compression and ring crush tests

	Corrugated Compression Performance
	Investigation of the relationship between board cure time and top-to-bottom compression performance

	Corrugated Post Print
	Gaining control of the process for corrugated post print

	Corrugated Processes
	How to perform process capability studies
	High-density papers and corrugator runnability

	Corrugated Testing
	Field experience in prediction of corrugated board strength with ultrasound testing

	Flexo Printability
	Factors that affect the flexographic printability of linerboards

	Industry Forecasts
	1995 looks good for corrugated and solid-fiber box production and folding paperboard boxes

	Linerboard Testing
	Linerboard: the relationship between polar angle profile and twist warp

	Rebuild
	Developing the fastest corrugating medium machine


	Engineering
	Assembly Stresses
	Assembly stresses and the strength of hollow iron rolls (press rolls)

	Black Liquor Spraying
	Spraying characteristics of commercial black liquor nozzles

	Bleach Plant Corrosion
	The corrosion behavior of titanium (grade 2) in alkaline peroxide bleach liquors
	Corrosion of titanium in alkaline hydrogen peroxide bleaching
	Factors affecting the fabrication of corrosion barriers for RP equipment in bleaching enviroments
	Practical windows and inhibitors for Grade 2 titanium use in alkaline peroxide bleach solutions
	Corrosion studies of stainless steels in peroxide bleach media 

	Conference Report
	1994 TAPPI Engineering Conference highlights growth and change
	Golden Anniversary of the TAPPI Engineering Conference melds the past, present, and future

	Differential Gear Vibration
	Vibration frequencies generated by paper machine differential gearbox drives

	Drying
	Pilot scale investigation of infared paper drying

	Editorial
	50 years of service

	Energy Utilization
	The 2020 mill-utility requirements for market kraft pulp

	Forming
	Hydrodynamics of the forming section: The origin of nonuniform fiber orientation

	Forming Fabrics
	Stability and chemical resistance of forming fabrics to wet-end boilout conditions

	Headboxes
	A new headbox design featuring consistency profiling decoupled from fiber orientation response

	Impingement Drying
	Drying with two radial jets: development of radial jet reattachment drying arrays

	Impulse Drying
	Linerboard drying on a sheet-fed pilot impulse drying shoe press

	Lime Mud Reburning
	Steam drying and fluidized-bed calcination of lime mud-- results of extended pilot studies

	PM Runnability
	Video surveillance troubleshooting at LSPI

	Power Plant Optimization
	Real-time, model-based power plant optimizer

	Pressing
	A decreasing-permeability model of wet pressing with rewetting

	Pressure Screen Fault Detection
	A dynamic model of pressure screens for fault detection

	Process Design
	Re-engineering capital investment decision making by integrating process simulation and project eva

	Process Safety
	Process safety management and the pulp and paper industry

	Profile
	William G. Cook, Chairman, Engineering Division

	Quality Improvement
	Quality improvement process to reduce inventories

	Recovery Boiler Corrosion
	Recovery boiler air-port corrosion, part 3

	Reel Transport
	Parent reel and spool handling with automatic guided vehicles - A case study

	Refiner Process Modeling
	Modeling a wood-chip refiner using artificial neural networks

	Sludge Drying
	Efficient drying of sludges

	Superheater Tube Corrosion
	Prediction of heat transfer in the kraft recovery boiler superheater region

	Yankee Dryer Corrosion
	Yankee dryer joint corrosion: cause, prevention, and repair
	Yankee dryers crevice corrosion evaluation

	Yankee Dryer Maintenance
	Safe Yankee grinding practices

	Yankee Dryers
	Hydrostatic testing of Yankee dryers
	Survey of Yankee dryers and MG cylinders


	Environmental
	Air Emissions
	Emissions of volatile organic compounds and hazardous air pollutants from oxygen delignification sy

	Atmospheric Emissions
	Hydrochloric acid emissions from kraft recovery furnaces

	Bleach Plant Closure
	Technical and economic implications of low effluent concepts for bleached kraft mills

	Chemicals
	A current perspective on the chlorine debate

	Cluster Rule
	Impact on recovery of pulping and bleaching changes to meet the EPA Cluster Rule

	Conference Report
	Argentine pulp and paper industry highlighted at ATIPCA's 30th annual Technical Association Seminar
	Recycling Symposium addresses issues of retrofitting the industry to face the demands for recycled 
	”Implementing technology for sustainable growth” theme of 1995 Environmental Division conference

	Deinking
	Separation of fiber and ash in deinking effluents: A case study

	Drying
	New lime mud dryer kiln helps James River's Pennington, AL, mill meet environmental restrictions

	Editorial
	Navigating the environmental dilemma

	Effluent Treatment
	Experience with tertiary effluent treatment in three Russian mills
	Nutrient dosage in biological treatment of wastewaters
	Treatability of wastewaters from totally chlorine-free bleaching
	Electrochemical removal of color and toxicity from bleached kraft effluents

	Environmental
	International environmental guidelines to emerge as the ISO 14000 series

	Environmental Regulations
	Case studies: Cluster Rule impact assessment
	The Cluster Rule
	EPA's Cluster Rule-- an interim report

	Life-Cycle Assessment
	Life-cycle assessment: background and update

	NCASI Update
	Industry-support health effects research
	Generating emissions data for MACT standards

	Operating Permit
	11 suggested steps to prepare for a successful operating permit

	Organochlorines
	Organochlorines in perspective

	Pulp Bleaching
	Comparison of effluents from TCF and ECF bleaching of kraft pulps
	High-molecular-weight effluent materials from modern ECF and TCF bleaching

	TAPPI View
	Spreading the word
	Sounding off

	TMP Effluents
	Lignans in TMP effluents: fate and effects

	Waste Minimization
	Waste minimization at a greenfield kraft mill


	Executive Summaries
	Executive Summaries
	January 1995
	February 1995
	March 1995
	April 1995
	May 1995
	June 1995
	July 1995
	August 1995
	September 1995
	October 1995
	November 1995
	December 1995


	Finishing
	Calender Rolls
	Thermal spray coatings reduce wear and corrosion on calender rolls

	Conference Report
	1994 Finishing and Converting Conference sets informal tone

	Fiber Cores
	Fiber cores-- technology to meet industry requirements

	Roll Handling
	Automatic slip controlled paper roll clamp

	Roll Stresses
	On the effect of centrifugal force on winding

	Supercalendering
	Deformation of paper fiber in the supercalender nip


	Industry
	AF&PA Corner
	EPA's "Look Back" is a step forward
	Forestry proof-of-performance initiative renews industry commitment
	Mill employees rate well in health study
	The paper industry's new outlook on regulatory reform
	Regulatory burden is no fable

	CEO forecast
	The recovery has arrived

	Editorial
	Cooperation for survival: the case for industry/university collaboration
	Education--is it the key to the future?

	Industry forecast
	1995 forecast sees growth for pulp, paper, and allied industries

	Romanian Pulp and Paper
	Romanian pulp and paper industry

	Salary Survey 1994
	1994 TAPPI Salary Survey

	Supplier Forecast
	Suppliers feel ripples from the recovery


	International
	Asia
	Industry Flourishes in Asia's ”Land of the Morning Calm”

	China
	A view on the current state and future of the paper industry in China

	Conference Report
	Argentine pulp and paper industry highlighted at ATIPCA's 30th annual Technical Association Seminar
	Third PapFor Conference and Exhibit highlights changes in Russian paper industry

	Effluent treatment
	Experience with tertiary effluent treatment in three Russian mills

	Japan
	Current pulp production in Japan and its research and technological topics
	Focus on Japan

	Machine Clothing
	German manufacturer promotes innovation in machine clothing

	Mills
	Mönsterås going 100% TCF as it increases production and minimizes emissions

	Recycling
	An evaluation of Asian old corrugated containers

	Romanian Pulp and Paper
	Romanian pulp and paper industry

	Southeast Asia
	Indonesia emerging as pulp and paper production giant

	Southwest Asia
	From tip-to-top of the Malay Peninsula - the study tour ends

	Swedish mills
	ECF results please Gruvon mill

	Taiwan
	Taiwan's paper industry a leader in Pacific region

	TCF mills
	Södra Cell's Swedish mills geared for production of "Zero" chlorine pulp

	Vietnam
	Vietnam: From handmade sheets to modern mills


	Machine Clothing
	Machine Clothing
	German manufacturer promotes innovation in machine clothing

	Machine Clothing Maintenance
	Supplier roundtable: Maintenance of machine clothing

	Press Felts
	Trends in press felt technology


	Management
	Editorial
	Mental exercise: do not neglect this other aspect for remaining healthy

	The Language of Business
	How to deliver winning presentations, Part 1
	How to deliver winning presentations, Part 2
	How to deliver winning presentations, Part 3
	How to deliver winning presentations, Part 4
	How to deliver winning presentations, Part 5
	How to deliver winning presentations, Part 6
	How to deliver winning presentations, Part 7
	How to deliver winning presentations, Part 8
	How to write letters that get results: Four principles of persuasion
	A Lesson from Cyberspace
	Preparing outstanding presentations, Part 6
	Preparing outstanding presentations, Part 7

	On Management
	Attacking variation-- a strategy for continuous improvement
	Development of human resources, Part 1
	Development of human resources, Part 2
	Development of human resources, Part 3
	Development of human resources, Part 4
	Development of human resources, Part 5
	Does your organization have a learning disability? Part 1
	Effective internal quality systems auditing, Part 1
	Effective internal quality systems auditing, Part 2
	New training and education developments with suppliers
	The spying game

	Safety
	Promoting safety in the workplace


	Nonwovens
	CCD Inspection
	Practical inspection systems for nonwoven diaper liner fabrics

	Conference Reports
	Innovations in nonwovens presented at March conference

	Cotton Binder Fiber
	Comparison of layered and homogeneously blended cotton and thermally-bonding bicomponent fiber webs

	Filter Media
	The relationship of filter media 1st and 3rd bubble point and maximum pore size

	Geotextile Trends
	Geotextile trends and developments

	Glass Mat
	A computer optimized experimental design study of glass fiber handsheet properties relating to prod

	Kenaf Fiber
	Mechanical processing of kenaf for nonwovens

	Kenaf Mats
	Properties of nonwoven mats from kenaf fiber

	LCP Fibers
	Advanced -fiber applications: Properties and applications of fibers from fully aromatic polyesters

	Microbiocide
	Chlorine dioxide: effective, broad-spectrum biocide for white-water systems

	Nonwoven Binders
	Formaldehyde-free crosslinking binders for nonwovens

	Polymer Systems
	Novel polymer systems

	Profile
	Michael A. Madden. Chair, Nonwovens Division

	Spunbonding
	An overview of spunbonding and meltblowing technologies


	Papermakers
	AKD Sizing
	The relationship between single fiber contact angle and sizing performance

	Charge Measurement
	Comparing papermaking wet-end charge-measuring techniques in kraft and groundwood systems

	Conference Report
	Papermaking issues draw record crowd to 1995 TAPPI Conference and Trade Fair

	Dewatering
	The effects of retention aids, drainage conditions, and pretreatment of slurry on high-vacuum dewat
	Application of the limiting-consistency web compression model to vacuum-assisted drainage cell test

	Drainage Aids
	Cationic polyacrylamide as a drainage aid in mechanical pulp

	Drying Effects
	Superheated steam drying of paper, effect of sulfonation level

	Filler Analysis
	X-ray diffraction for quantifying calcium carbonate fillers in printing and writing papers

	Flocculation
	Effects of zeta potential on dynamic flocculation in microparticle systems

	Formation
	Formation and retention during twin-wire blade forming of a fine paper stock

	Forming Fabric
	Test methods to evaluate the contamination resistance of forming fabrics subjected to secondary fib

	LWC Permanence
	The effect of pH on the permanence of LWC paper and fine paper made from recycled LWC

	Microelectrophoresis
	Critical issues in applying electrokinetics to papermaking

	Paper Chemicals
	Specialty paper chemicals: an overview

	Profile
	Ellen B. Warner, Chair, Paper and Board Manufacture Division

	Recycled Fiber Freeness
	Applying enzymes and polymers to enhance the freeness of recycled fiber

	Refining
	Good practice for refining the types of fiber found in modern paper furnishes

	Sizing
	Investigation of the mechanism of paper sizing through a desizing approach

	Specialty Papers
	Van Leer produces eye-catching holographic papers at its newest metallized paper plant

	Surface Sizing
	The effects of SMA surface sizes on paper end-use properties

	Wet-strength Mechanism
	The mechanism of wet-strength development in paper: a review

	Winding
	Eliminating production losses on a paper machine reel


	Polymers, Laminations, & Coatings
	Adhesive Removal
	Removal of hot-melt adhesives with through-flow cleaners

	Barrier Coatings
	Transparent SiO2 barrier coatings: conversion and production status

	Blown Film
	A model linking process variables to the strength of blown films produced from LDPE and LLDPE

	Blown Film Resins
	Solid-state structure comparison between standard LLDPE and enchanced performance LLDPE

	Conference Report
	New strategies and alliances; key to global arena for the Polymers, Laminations and Coatings Divisi

	Extrustion Coating
	Alpha tocopherol as an antioxidant for extrusion coating polymers

	Food Packaging
	The use of recovered fiber in food packaging

	Heat Sealants
	Ionomer, acid copolymer, and metallocene polyethylene resins: A comparative assessment of sealant p

	Heat Sealing
	Heat sealing linear ethylene plastomers to ionmers or LLDPEs

	Hot Melt Adhesives
	Repulpable EVA hot-melt packaging adhesives using polybutenes

	Printing
	Application of nonacrylic water-based ink systems to film printing

	Print Registration
	Print-registration control in a rotogravure printing press combined with extrusion-coating or lamin

	Profile
	Richard W. Halle, Chairman, Polymers, Laminations and Coatings Division

	Sizing
	Neutral to alkaline rosin soap sizing with metal ions and polyethylenimine as mordants

	Static Control
	Static control methods in hazardous areas in converting operations

	Testing
	The application of mass transport theory to flavor and aroma barrier measurement
	Method for measuring the impact strength of heavy-gauge films
	A nonlinear viscoelastic creep model
	Wetting tension measurements on corona-treated polymer films

	Waste
	Decomposition of coated papers from a quick-service restaurant


	Process Control
	Conference Report
	The adjectives informative, energized, and exciting describe the first Process Control, Electrical 

	Fieldbus
	Impact of Fieldbus on mill operations

	Harmonics
	Phase shifting: an alternative solution to harmonic problems

	On-line Sensors
	On-line sensors: exploring the trends

	Process Control
	In-line composition monitoring of molten poly(ethylene vinyl acetate)
	Integration of a drive system into a common DCS/information system platform- a case study of the Wi
	New regulations and their effect on high-availability monitoring and control systems
	On-line zeta potential analyses of a fine paper machine and a newsprint paper machine
	Organic control for a living process
	Re-engineering the distributed control system

	Profile
	Michael D. Wallace, Chairman, Process Control, Electrical and Information Division


	Process & Product Quality
	Conference Report
	1994 Process and Product Quality Conference held in Savannah

	Deep Grooved Fiber
	Deep grooved polyester fiber for wet lay applications

	Fiber Analysis
	Mechanism of action of Simon's stain

	Fiber Testing
	The tensile testing of individual wood fibers using environmental scanning electron microscopy and 

	Image Analysis
	Identification of periodic marks in paper and board by image analysis using two-dimensional fast Fo
	Identification of periodic marks in paper and board by image analysis using two-dimensional fast Fo

	Internal Bond Strength
	Measure of the internal bond strength of paper/board

	ISO Guidelines
	Optical properties of pulp and paper- New standardization proposals

	Multilayer Papers
	Optical calculations for multilayer papers

	Paper Fracture Mechanics
	Measurement of in-plane fracture roughness of paper

	Predictive Properties
	The effect of fiber length and coarseness on the tensile strength of wet webs: a statistical geomet

	Profile
	Sue F. Jakubsen

	Profile Measurement
	Stylus profilometry on paper: marking by the stylus

	Pulp Analysis
	Multivariate characterization of chemical and physical descriptors in pulp using NIRR

	Pulp Testing
	Explaining handsheet tensile and tear in terms of fiber-quality numbers
	High-shear laboratory beating and fiber-quality testing offer new insights into pulp evaluation

	Quality Specifications
	Some notes on the computation and interpretation of capability indices

	Surface Properties
	Surface characterization of non-chlorine-bleached pulp fibers and calcium carbonate coatings using 

	Web Inspection
	Automated web inspection ensures highest quality nonwovens


	Pulping
	Biotechnology
	Effects of purified Trichoderma reesei cellulases on the fiber properties of kraft pulp

	Chemical Recovery
	Caustic soda and sulfuric acid production from sodium sulfate by-product of chlorine dioxide genera

	Chemicals
	A current perspective on the chlorine debate

	Chipping
	Some fundamental aspects of wood chipping

	Conference Report
	Chemical Recovery Conference emphasizes high solids firing and mill system closure
	1994 Pulping Conference and Pan-Pacific Conference held together in San Diego

	Drying
	New lime mud dryer kiln helps James River's Pennington, AL, mill meet environmental restrictions

	Fiber Chemistry
	Effects of carbohydrate degradation on zero-span tensile strength

	Fiber Fundamentals
	Fiber morphology and the response of pulps to medium-consistency fluidization

	Fiber Properties
	Effects of fiber length and coarseness on pulp flocculation

	Fiber Supply
	Developments and trends in fiber supply: implications for the Northwest pulp and paper industry
	Wood and pulp characteristics of juvenile Norway spruce: A comparison between a forest and an agric

	Kraft Pulping
	Application of anthraquinone in extending the delignification of kraft and polysulfide pulps, Part 
	Extended delignification of southern pine with anthraquinone and polysulfide
	Extending delignification with AQ/polysulfide
	Kraft delignification kinetics based on liquor analysis
	Model-based optimization of Kamyr digester operation
	Pulp strength delivery along complete kraft mill fiber lines

	Kraft Recovery
	Effects of pulping conditions and black liquor on viscosity of softwood kraft black liquors: predic
	Impact of recent pulp-mill modifications on sulfur contents in crude sulfate turpentine
	Kinetic model for causticizing reaction
	White liquor oxidation in a pilot plant pipeline reactor

	Mechanical Pulp Bleaching
	Bleaching efficiency of fomamidine sulfinic acid (FAS) in comparison to hydrosulfite, borohydride, 

	Mechanical Pulping
	Chemithermomechanical pulping of second-growth lodgepole pine from Western Canada
	Influence of knot fibers on TMP properties
	Laboratory results of TMP and CTMP trials with Pinus patula, Pinus tecunumanii and Pinus caribaea v
	A mechanistic model for predicting pulp properties from refiner operation conditions
	 Trends in TMP performance at Augusta Newsprint

	Nonwood Fibers
	Feasibility of using kenaf chemithermomechanical pulp in printing and writing paper
	Organosolv pulping and test paper characterization of fiber hemp
	Pulping of jute

	Pulp Bleaching 
	Comparison of effluents from TCF and ECF bleaching of kraft pulps 
	Effect of lignin content on ozone bleaching at medium consistency
	High-molecular-weight effluent materals from modern ECF and TCF bleaching
	Improved oxygen delignification with interstage peroxymonosulfuric acid treatment
	On-site peracids: Tools for bleaching strategies to meet the cluster rule and considerations on sel
	Peroxide brightening of kraft pulp
	Production of bleachable pulp through catalytic oxygen-alkaline delignification of high-yield mecha
	Recent advances in bleached chemical pulp manufacturing technology, Part 1
	Reducing chlorinated organic compounds from bleached kraft mills through first stage substitution o
	The role of water and hydrogen in ozone bleaching of kraft pulp at medium consistency

	Pulping
	The pulp mill of the future: 2005 and beyond

	Pulp Testing
	Batch-drainage curves for pulp characterization, Part 1

	Recycling
	Autodispersible waxes for recyclable packaging papers, Part 1
	Corefining of wood chips and recovered paper in chemithermomechanical pulping
	An evaluation of  Asian old corrugated containers
	Fiber characterization using confocal microscoy
	Fiber fractionation as a method of improving handsheet properties after repeated recycling
	Sodium hydroxide addition during recycling: Effects on fiber swelling and sheet strength
	Upgrading of recycled pulps by enzymatic treatment
	Using ultrasound to deink xerographic waste

	Safety
	Mouthpiece respirator cartridge performance evaluation following passive exposure in kraft pulp mil

	TMP Effluents
	Lignans in TMP effluents: fate and effects

	Wood and Pulping Chemistry
	Evaluating three iron-based biomimetic compounds for their selectivity in a polymeric model system 
	Using solid-phase extraction to assess why aspen causes more pitch problems than softwoods in kraft


	Recycling
	Conference Report
	Recycling Symposium addresses issues of retrofitting the industry to face the demands for recycled 

	Fiber Supply
	The current state of recycled paper supply

	Filler Analysis
	Accurate determination of six common fillers in fine papers, newsprint, and recycled stock by X-ray

	OCC Recycling
	Virginia Fibre continues expansion and upgrades

	Recycling
	Autodispersible waxes for recyclable packaging papers, Part 1
	Corefining of wood chips and recovered paper in chemithermomechanical pulping
	An evaluation of Asian old corrugated containers
	Fiber and toner detachment during pulping of mixed office waste containing photocopied and laser-pr
	Fiber characterization using confocal microscopy
	Fiber fractionation as a method of improving handsheet properties after repeated recycling
	Sodium hydroxide addition during recycling: Effects on fiber swelling and sheet strength
	Upgrading of recycled pulps by enzymatic treatment
	Using ultrasound to deink xerographic waste
	Visy Paper using new methods for recycling OCC


	Research & Development
	Bleaching
	Bleaching kraft pulps with oxidative enzymes and alkaline hydrogen peroxide
	A novel approach to kinetic modeling of the hydrogen peroxide brightening of mechanical pulp
	An optimization approach for the oxygen bleaching of the kraft wheat straw cellulose

	Chemical Analysis
	Rapid carbohydrate analysis of wood pulps by ion chromatography
	Small-scale method to determine the content of wood components from multiple eucalypt samples

	Clonal Forestry
	Commercial production of tissue cultured Pinus radiata

	Combustion
	Effects of temperature and oxygen concentration on potassium and chloride enrichment during black l

	Conference Report
	1994 TAPPI/Biological Sciences Symposium

	Editorial
	Cooperation for survival: the case for industry/university collaboration
	Education -- is it the key to the future?

	Effluent Treatment
	Removal of chlorophenolics from an aerated lagoon

	Food Packaging
	The use of recovered fiber in food packaging

	Image Analysis
	The distribution of impurities in pulp and paper, the effects of the random distribution of impurit
	The effect of sample size on the confidence interval for image analysis of impurities in pulp and p

	IPST Research Update
	Evaluation of steam box performance
	Quality and productivitiy improvement in paper and board forming

	Nonwood Fibers
	Kinetics of delignification in kraft pulping of wheat straw and hemp

	Paper Physics
	Micro-model of paper, Part 1

	Paper Properties
	Effects of fibers and fillers on the optical and mechanical characteristics of paper

	Photodegradation
	Photoyellowing of mechanical pulps, Part 2

	Pitch Reduction
	Effects of lipases on birch extractives

	Sludge Disposal
	A review of the Maine "Appendix A" sludge research program

	Tissue Culture
	Research and development of commercial tissue culture systems in loblolly pine

	Wood Chemistry
	Effect of cooking and bleaching on the structure of xylan in conventional pine kraft pulp
	Grafting of industrial cellulose pulp using the Fe2+/H2O2 redox system as initiator
	Influence of surfactants on the enzymatic hydrolysis of xylan and cellulose


	Shop Talk
	Shop Talk
	Construction of opacity charts
	Evaluating your ink blending needs
	Eliminating bacterial bloom
	Mathematical formulations for thermodynamic properties of moist air at high temperatures
	On-line measurement of dryer performance
	A simple method for determining drive roll load shares on machines with line shaft drives
	CD coat weight control
	How to avoid white pitch and its many pitfalls
	Corrosion of nickel-base alloys in chlorine dioxide environments
	Selecting the right equipment for agitation and blending, Part 1
	Selecting the right equipment for agitation and blending, Part 2
	Equipment for measurement of cylinder surface temperatures
	Automatic load compensators and seal load reduction
	Selecting the right equipment for agitation and blending, Part 3
	The gamma gauge profiling adapter
	An unusual paper machine roll bearing failure
	Production stability on paper machines and pulp and white water circuits
	A fabric patching method suitable for two-wire machines
	Across-the-machine baselines as the alignment reference for freestanding paper machines
	Screw presses in waste dewatering


	TAPPI
	Annual Index
	1995 Tappi Journal Annual Index
	1995 Tappi Journal Association Index

	Association News and Local Section News
	January 1995
	February 1995
	March 1995
	April 1995
	May 1995
	June 1995
	July 1995
	August 1995
	September 1995
	October 1995
	November 1995
	December 1995

	Profile
	Hal W. Tanner, Jr., Member, TAPPI Board of Directors
	Ronald E. Swanson, TAPPI Board of Directors

	TAPPI Interview
	Robert W. Hagemeyer receives the 1995 Gunnar Nicholson Gold Medal Award 
	William S. Fuller honored by TAPPI with 1995 Herman L.Joachim Distinguished Service Award

	TAPPI View
	TAPPI's financial condition: a progress report



