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SECTION G: ENVIRONMENTAL ASSESSMENT 

1. Date: 

September 15, 1995 

2. Name of Applicant/Petitioner: 

Lonza Inc. 

3. Address: 

17-17 Route 208 
Fair Lawn, NJ 07410 

4. Description of Proposed Action: 

The petition requests FDA amend 21 CFR $176.170(a)(5) and $176.180(a)(2) by allowing 

for the use of hydroxymethyl-55 dimethylhydantoin (HMDMH) and 1,3-bis(hydroxymethyl)- 

5,5-dimethylhydantoin (BHMDMH) or “subject additives” as preservatives for clay-type 

fillers used in the manufacture of paper and paperboard. HMDMH and BHMDMH will be 

marketed under the trade name Dantogard”‘. The typical use level of HMDMH and 

BHMDMH (combined), in clay-type fillers, is 600 ppm, with a maximum level of 1200 ppm. 

HMDMH and BHMDMH will be produced at the petitioner’s manufacturing site identified 

below: 

Lonza, Inc. 
3500 Trenton Avenue 

Williamsburg, PA 
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Only negligible environmental releases are anticipated from the production of the subject 

additives since manufacture takes place in a closed system. 

HMDMH and BHMDMH will be used by suppliers of clay-type fillers to prevent microbial 

contamination of filler materials during shipment and storage. 

During the manufacture of paper, the subject additives may be released to process water 

and subsequently discharged with plant effluent. Based on the estimated environmental 

concentrations (EECs) and aquatic toxicity of the subject additives and degradates, as 
\ 

presented in Sections 7 and 8 of the EA, the petitioner does not anticipate any adverse 

effects on aquatic organisms. 

Food packaging materials containing the subject additives will be used in patterns 

corresponding to national population density and will be widely distributed across the 

United States. Therefore, it is anticipated that disposal will occur nationwide, with about 

80% of food packaging materials ultimately being deposited in land disposal sites, or to 

some extent recycled, and with about 20% being incinerated. Environments potentially 

affected by disposal are watersheds or groundwater receiving leachate from land disposal 

sites and areas subject to air emissions from landfills and incineration sites. 
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Identification of Chemical Substances that are Subiect to the Proposed Action 

Chemical Names: 

Common Names: 

CAS Rea. Nos. 

Molecular Weiqhts: 

Chemical Formula& 

2,4-lmidazolidinedione, (hydroxymethyl)-5,5-dimethyl 
2,4-lmidazolidinedione, 1,3-bis(hydroxymethyl)-5,5dimethyl 

Hydroxymethyl-5,5-dimethylhydantoin (HMDMH) 
1,3-bis (hydroxymethyl)-5,5-dimethylhydantoin (BHMDMH) 

27636-82-4 (HMDMH) 
6440-58-o (BHMDMH) 

158.16 (HMDMH) 
188.10 (BHMD.MH) 

CGH,,N,O, (HMDMH) 
C,H,,N,O, (BHMDMH) 

lmpuritv Associated with Subiect Additives: Formaldehyde (2% maximum) 

Structures: 

1,34is(hydroxymethyl) -5,5-dimethylhydantoin 

l 

HOH*C ,N r;r, 
K CH20H 

0 

Hydroxmethyl -5,5-dimethylhydantoin 

X.Y = H or CH20H . 



Chemical/Physical Properties (Dantoqard) 

Color: Water-white 

Phvsical State: Liquid 

Solubilitv: 

Solvent 

Methanol 
Hexane 
Toluene 
Methylene Chloride 
Ethylene glycol 

Amended Environmental Assessment, Page 4 

Solubilitv (2OOC) 

Miscible, all proportions 
Insoluble 
Insoluble 
Insoluble 
Miscible, all proportions 

l Viscositv: 3.2rcentistokes 

q3t-J 6.5-7.5 (25°C) 

l Hvdrolvsis: Upon hydrolysis, the subject additives form formaldehyde and 
dimethylhydantoin. 
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6. Introduction of Substances Into the Environment 

a) Production Releases 

HMDMH and BHMDMH are manufactured by reacting formaldehyde solution (-37%) and 

5,5-dimethylhydantoin (DMH). Environmental releases of formaldehyde and DMH are . 

insignificant since all unreacted materials are recycled back into production equipment. 

For example, formaldehyde is trapped by a scrubber and reused. No environmental 

releases of HMDMH and BHMDMH are expected during production, 

b) Compliance with Emission Requirements 
-? 

. Air Permit: 

Air emissions from the production facility must comply with the following 
permit: 

Air Quality Permit #41-313-011 

l Water Permit: 

There are no water emission requirements or permits applicable to the 
production of the subject additives. 

c) Occupational Regulations 

Occupational monitoring is done for the following OSHA regulated substance: 

Substance Permissible Exposure Lea 

Formaldehyde 0.75 ppm 
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d) Compliance Status 

Approval of the subject additives, for the petitioned use, will not affect compliance 

applicable emission and/or occupational exposure limits since the petitioner’s 

with 

manufacturing facility currently produces substantial quantities (several million Ibs./year) 

of the subject additives for use in pesticide products and cosmetics and the facility is 

in full compliance with all regulations that govern the production of the subject additives. 

e) Releases Durinq Use 

As indicated above, the subject additives are proposed for use as preservatives in clay- 

type fillers that are used in the manufacture of paper. The petitioner expects that almost 

all of subject additive&will be retained by clay-type fillers during shipment and storage of 

the fillers. Environmental releases of the subject additives into water from the manu- 

facture of paper’ made with clay-type fillers can be estimated as follows: 

Input Data 

l 600 tons of food packaging paper/paper board is manufactured, per plant, per daf. 

l Total effluent at a paper mill is approximately 2 million gallons per day3. 

l The maximum use rate of the subject additives is 1200 ppm or 0.0012 lb&per lb. of clay 
filler. 

. Approximately 10% of the weight of paper or paperboard is clay filler. 

‘According to USEPA’s proposed effluent limitations rule for pulp and paper production (58FR, December 
17, 1993, pg. 66101), the vast majority of water discharge is direct (91%). The rest is either indirectly 
discharged or disposed of by on-site land application. 
*From a survey of a paper manufacturing facility. 
3This effluent value is based on the following USEPA report: “Development Document for Effluent 
Limitations, Guidelines and Standards for Pulp, Paper and Paperboard” (1982). A recent survey by the 
National Council for Air and Stream Improvement (NCASI), shows the overall final effluent level to be much 
higher. Refer to Figure 5 in the article beginning on page 22 of the EA. 
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Calculations: 

1. The Amount of the Subject Additives Released During Paper Manufacture 

(Amount of Subject Additives Used ‘per lb. of Clay-Type Filler) x (Weight percent of 
paper that is Clay-Type Filler) x (lb&on) x (Tons of Paper Produced per Day) = 
Total Quantity of Subject Additives Released During Manufacture of Paper 

(0.0012) x (10%) x (2000 Ibs./ton) x (600 tons/day) = 144 Ibs./day 

2. The Concentration of the Subject Additives in Plant Effluent 

Amount of Subject Additives in Plant Effluent 

i 
Quantity of Plant Effluent 

144 I bs./dav 
2 x lo6 gal/day 

= 8.6 ppm 

Since MHDMH and BHMDMH rapidly hydrolyze, upon aqueous dilution, to DMH and 

formaldehyde, very low, if any, amounts of MHDMH and BHMDMH are expected in plant 

effluent. Since the maximum amount of formaldehyde that can be formed is 30% of the 

applied amount of MHDMH and BHMDMH the maximum formaldehyde concentration in 

plant effluent is 8.6 ppm x 0.30 or 2.6 ppm. Similarly, the concentration of DMH in plant 

effluent is 8.6 ppm x 0.70 or 6 ppm. 

The above estimates are “worst-case” values. The petitioner believes that the actual 

concentrations of DMH and formaldehyde in aqueous bodies receiving effluent from paper 
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manufacturing facilities will be substantially lower since: 

. Significant dilution of plant effluent from paper manufacturing facilities by receiving 
bodies of water is expected’. 

l As discussed in Section 7 of the EA, formaldehyde will rapidly biodegrade and DMH, 
under acclimating conditions, will also biodegrade. 

Modifying the estimates on page 7 by taking into account the dilution of plant effluent 

and biodegradation of formaldehyde and DMH provides aqueous concentrations of 

formaldehyde and DMH of approximately 130 ppb and 420 ppb, respectivelf. 

e) Releases Durino Disposal 

As noted above in Section 4, food packaging materials containing the subject additives 

are expected to be landfilled (80%) or incinerated (20%). 

Based on the properties of the subject additives, the predominant species in paper 

packaging are DMH and formaldehyde. Assuming a maximum use rate of the subject 

additives, complete retention in paper and no loss during use, the maximum amount of 

DMH and formaldehyde in disposed paper packaging are 85 ppm and 35 ppm, 

respectively. 

‘Based on a telephone conversation between Eliot Harrison (preparer of EA) and David 
Jones, Ecological Effects Branch, Office of Pesticide Programs, USEPA, July, 1995. 
*Assuming 90% biodegradation and a dilution factor of 50%. The biodegradation factor 
assumes that the microbial population will be acclimated to DMH. The dilution factor is 
a rough estimate provided to Mr. Harrison by Mr. Jones. 

001149 
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Formaldehyde migrating from disposed paper packaging should be rapidly degraded by 

soil microorganisms. Under acclimating conditions, which are expected at disposal sites; 

DMH should also be biodegraded. In circumstances where DMH is not degraded, the 

soil leaching studies indicate that DMH will quickly disperse through soil. However, the 

soil concentration is anticipated to be insignificant due to the low residue levels of DMH 

in paper. 

f) Product Label 

Since the proposed use for the subject additives is pesticidal, registration’ by the U.S. 

Environmental Protection ‘Agency (USEPA) is necessary. USEPA registration requires 

that the petitioner use the label presented on page 10 when marketing the subject 

additives for any pesticidal use. Accordingly, the USEPA label will be used for the 

petitioned use. 

‘Since the USEPA registers products, not particular ingredients, USEPA approval will be 
for Dantogard. 

001150 



ANTOGARD TM PRESERVATIVES, PRESERVING~YOURCONFIDENCE 

PRECAUTIONARY STATEMENTS 
HAZARDS TO HUMANS AND 

DOMESTIC ANIMALS 

CAUTION 
Harmlul il &Uowed, inhaled, or absorbed lhrough lhe skin. Avoid 
breating vapors or spray mist. Avoid contad with sldn. eyes or 
clothing. In case 01 coned, immdalety fkrsh eyes or skin with 
plenty 01 water. Gel medical allenlion it irriIalion pen&s. 

ENVIRONMENTAL HAZARDS 

Do nol discharge. ellbent contelnlng this pmduct into lakes. 
streams. ponds. ertueries, oceans or ottier waters unless in 
accordance with lhe rrqvirements 01 a National Pohnanl 
Discharge E5minelion System (NPLIES) prti ad thr permining 
authority has been notified in vwiling pdor lo discharge. Do no1 
discharge efllvrnt conlaiting lhis produd to sewer systems withovf 
prewcu&y notitying the lccal sewage lrealmenl planl aulhorily. Foe 
guidance. coreact your Stale Water Board or Regional O&9 01 
lhe EPA. 

STORAGE AND DISPOSAL 

Do noi coniaminale waler, load or leed by slorage or disposal. 

Pesticide Msposel: Wastes restriling lrom Ihe use ol this prc&cl 
may be disposed 01 on site or at an approved waste disposal 
(a&y. 

Conlrlnsr Oisposrl: Triple rinse (or went). Then o&r lor 
recycling or recondilioning. or puncture and aupoSe of in a 
sarilary landfill. or imjneratipn. pr I allowed by state and local 
aulhtilles. by burning. II burned. stay out ol smoke. 

. 

Active hgredwm~~ 
Conlenls: LIGIJID 

1.3-Bir(hydm~e~hyl)-5.5ar?elhy~ydanloin , . .“: 32.0% 
Hydroxymelhyl-4,4dlmelhylhydanbin . . . . . . . . . . . . 7.5% 
Inert Ingredients . . , . . . . . . . , I. . , . . . . , . . 60.5~. 

EPA Rq 16836-119 EPA Est. X6836-PA-1 
NET WEKW (as marked on conMar) 

KEEP OUT OF REACH OF CHILDREN 

CAUTION 
STATEMENT OF PRACTICAL TREATMENT 

EYES: Flush eyes witi plenly 01 nrnring waler lor several 
minules. Seek medical allenfkm il inilation develops 01 persisls. 
SKIN: Wash allecled areas with plenly ol.waler. and soap il 
available. lor several minutes. Remove and clean cmuaminaled 
cblhing and shoes. Seek medical altenlion il irritation develops 
or peKisls. 
INHALATION: Remove Imm area lo lresh air. II nol brealtirg, 
clear &way and start moulh-lo-mouth ertifiial respiralion or use 
a bag-mask respirator. Gel Immediale me&al allenlIon. II victim 
is ham boubie breathing. transpofl lo medical care and. il 
aveiletde, give supplemenIal oxygen. 
INGESTION: II swalbwed. give 3-4 glasses ol waler. Induce 
vomking by placiq a finger on Ihe beck 01 lhe vidlm’s longue. 
GiveUuidsun18vornltushclear. OONOTinduwvomitingorgive 
anything by mouth b an unconscious or cmding person. Seek 
medii allenlion. 

DIRECTIONS FOR USE 
II is a violation 01 Federal Lew lo use lhis producl in e manner 
inconsistent wilh its labeling. 

OANTOGARO’” pesenes and controls the growth d b&aria in 
aqueous dispersions 01 inorganic minerals (clay-slurries) used rn 
the manulaclure 01 paper and paprrboad. Use DANTOGARO’” 
al levels oil l,.O IO 6.0 Ibs. per Ion (SCMDOO ppm or 2C&l21?0 ppm 
on an active irgredienl basis) 01 aqueous mineral slurry. 
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7. Fate of Emitted Substances in the Environment 

As noted above, the substances entering the environment from the use of the subject 

additives are formaldehyde and DMH. 

Formaldehyde is not persistent in the environment. In water, formaldehyde usually 

undergoes rapid biodegradation - in a die-away test using water from a stagnant lake, 

degradation was complete in 30 hours under aerobic conditions and 48 hours under 

anaerobic conditions. Formaldehyde is also degraded by activated sludge and sewage 

in 48-72 hours. 

Formaldehyde released into the atmosphere will both photolyze and react rapidly with free 

radicals, primarily hydroxy radicals. The measured half-life for photolysis in simulated 

sunlight is six hours. The half-life for reaction with hydroxy radicals is approximately 19 

hours in clean air and about one-half that long in polluted air’. 

Several laboratory environmental fate studies have been performed with DMH. These 

studies show that DMH is hydrolytically and photolytically stable, mobile in soil, resistant 

to aquatic degradation under non-acclimating conditions, but ultimately biodegradable 

under acclimating conditions. The DMH studies are summarized in Table 1 on page 12. 

) ‘Hazardous Substances Data Base (I 993) 

QWi52 

. 
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TABLE 1 
Laboratorv Environtiental Fate Studies with DMH 

Hydrolysis 

Anaerobic Aquatic Metabolism radation of DMH was observed; 
ions of this study, the half- 

Soil/Sediment Adsorption/Desorption otential of DMH was evaluated in DMH is highly mobile in all soil types. 
e (clay loam, sandy 

DMH wai 10.1% indicating low level of 

population (secondary activated sludge and 
raw sewage) and acclimated for a 16-day 

biodegradation of DMH proceeded rapidly. 

H is considered ultimately 
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8. Environmental Effects of Released Substances 

l Subiect Additives and DMH 

The petitioner sponsored three acute aquatic toxicity studies with Dantoin DMDMH, which 

contains the same ingredients but is more concentrated than Dantogard? The test 

organisms were two freshwater fish (bluegill sunfish and rainbow trout) and an aquatic 

invertebrate - daphnia magna. The test design was a 4-day static bioassay. The results 

of the studies are summarized in Table 2 below and complete test reports are in 

Appendix E of this petition. 

The petitioner also sponsored two chronic aquatic studies (pages 896 and 926 of this 

petition) with DMH. These studies are summarized in Table 3. 

The petitioner is also aware of several acute freshwater and marine studies performed 

with DMH that were sponsored by Great Lakes Chemical Company. It is the petitioner’s 

understanding that these studies were submitted to FDA in support of Food Additive 

Petition (FAP) #484418. The results of the Great Lakes studies are summarized in 

Table 4. 

The aquatic studies show that the subject additives are slightly toic to aquatic organisms 

and that DMH, on an acute basis, is practically non-toxic to freshwater and marine 

animals and slightly toxic on a chronic basis. 

i 
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TABLE 2 

Acute Aquatic Toxicity Studies Conducted with Dantoin DMDMH 

96-hr. LC, 

II Acute LC, - Rainbow Trout 515 ppm 

II Acute LC,, - Bluegill Sunfish 173 ppm 

II Acute LC, - Daphnia magna 

TABLE 3 

Lana-Term Aquatic Toxicity Studies Conducted with DMH 

Life-Cycle Toxicity 
Test in D. magna 

70.9 ppm 90 PPm 
I 

116 ppm 

II 

Early Life-Cycle 
Toxicity Test in the 

1 Fathead Minnow 

14 wm 20 wm 29 mm 

‘No-Observable Effect Concentration 
-iMaximum Allowable Toxicant Concentration 

Lowest-Observable Effect Concentration 
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TABLE 4 

Acute Aquatic Toxicity Studies’ Conducted with DMH: 
Studies Sponsored by Great Lakes Chemical Company 

Studv Result 

II Acute LC,, - Rainbow Trout 96 hr. LC,: > 972.2 mg DMH/L 

II Acute LC,, - Bluegill sunfish 96 hr. LC,: > 1017 mg DMH/L 

Acute LC,, - Fathead minnow 

Acute LC, Daphnia magna 

Acute LC,, Mysid shrimp 

Acute LC,, - Sheepshead minnow 

96-hr LC,,: > 1085 mg DMH/L 

48-hr. EC,: > 1070 mg DMH/L 

96-hr. LC,: > 921.7 mg DMH/L 

96-hr. LC,: > 1006 mg DMH/L 

Acute LC, - Eastern Oyster 96-hr. EC,,: > 125 mg DMH/L 

Formaldehvde: 

According to the published literature, formaldehyde is slightly toxic to fish. The 96-hr. 

LC,‘s in the rainbow trout and fathead minnow are 440 ppm* and 38 ppm3, respectively. 

Based on the above results, the toxic criterion concentrations (TCC’s), as defined by 21 

CFR $25.15(b)(6), for the subject additives, formaldehyde and DMH are given below: 

l Subject Additives: 
l Formaldehyde: 

l DMH. L 

370 ppb4 (calculated as l/100 of LC, value in Daphnia) 
380 ppb (calculated as l/l 00 of LC, value in fathead 
minnow) 
20 ppm (lowest concentration causing any adverse effect) 

‘All studies were static bioassays. 
*Hazardous Substances Data Base (1993). 
3Material Safety Data Sheet for Formaldehyde (DuPont). 
41n all likelihood, the TCC for the subject additives merely reflects the aquatic toxicity of 
formaldehyde. 

001156 
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Aquatic Assessment: 

The worst-case exposure value (aqueous concentration) for formaldehyde is slightly 

higher than the TCC for formaldehyde. However, as noted in Section 7, the petitioner 

expects formaldehyde to be rapidly degraded in the environment so that the actual 

exposure level should be significantly below the TCC. 

Regarding DMH, the TCC for this substance is greater than the worst-case exposure 

value. Accordingly, the petitioner does not anticipate any adverse effects on aquatic 

organisms to result from DMH in plant effluent. In addition, the very high acute LC, 

values (-1000 ppm) reported by Great Lakes for DMH should obviate any concern for 

DMH. 
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9. Use of Resources and Enerav 

The subject additives are an alternative to additives currently approved under 21 C.F.R. 

176.170 and 176.180 for use as clay-type filler preservatives: Kathon”“’ (5chloro-2- 

methyl-4-isothiazoline-3-one and 2-methylQ-isothiazoline-3-one) and ProxelTM GLX (1,2- 

benzisothiazoline-3-one). 

Since the subject additives will replace currently used additives no net increase in 

resource and energy utilization should occur since the energy and resources required for 

manufacture of the, subject additives will be offset by a decrease in the energy and 

resources required for existing additives. 

In addition, since the intent of the subject additives is to prevent microbial contamination 

of clay-fillers used in manufacturing paper the proposed use will not materially change the 

use of paper packaging containing the subject additives. 

Finally, the production, proposed use and disposal of the subject additives or degradates 

are not anticipated to affect threatened or endangered species or historic structures. 
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IO. Mitigation Measures 

No adverse environmental effects are anticipated if this petition is apprpyed. Therefore, 

no mitigation measures are required. 
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11. Alternatives to Proposed Action 

Since-no potential adverse environmental effects are expected to occur, no alternative 

actions are necessary. 
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12. List of Preparers 

This Environmental Assessmentwas prepared for Lonza Inc. by Eliot I. Harrison of Delta 

Analytical Corporation. Mr. Harrison’s educational training is in biology and chemistry. 

He has over ten years experience inpreparing regulatory submissions to government 

agencies. 

Assisting Mr. Harrison in the preparation of the Environmental Assessment were Stanley 

Elman and Dr. Steven Carter of Lonza. Mr. Elman oversaw testing and development of 

the subject additives for the proposed use. Dr. Carter is a supervisory analytical chemist 

with Lonza’s research group. 
\ 
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13. Certification 

The undersigned official certifies that the information presented is true, accurate and 

complete to the best knowledge of Lonza Inc. 

Name: 

Title: 

Signature: 

Date: 

Eliot I. Harrison 

Agent for Lonza, Inc. 

September 15, 1995 
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Water Pollutions 

Wogress in reducing water use 
and wastewater loads in the 

aper industry 
d Jay Un& 

. 

An NCASI sury shows Bat the US. paper indushy has signijkandy red+ 
water use and waewater bfuis since 1975. 

An important and ongoing part of the National Council 
for Air and Stream ImpmvemenA (NCASI) investigative 
pmgram involves the periodic collection and organization 
of information characterizing wastes and emissions from 
the U.S. paper industry. This information not only 
strengthens the understanding of the capabilities”of 
current waste and emission management practices, it also 
finds use in documeqting the progress the industry has 
made in (a) making more efficient use of one of its most 
important raw materials, water, and (b) reducing its 
discharges In an eraof increasing public skepticism about 
the effectiveness of industry’s efforts to protect and 
enhance the quality of the environment, such documen- 

paper. It documents the industry’s progress in reducing 
water use, raw waste loads, and final effluent loads, In 
addition, the industry’s sludge generation rates and categories based on the principal production practices at 
increased reliance on beneficial uses for wastewater each mill. These categories were: 
treatment sludges are documented. 

1. Nonintegrated paper and board mills 

General approach 2. Mills producing paper and board from nondeinked 
w=WW= 

In the summer Of 1989, NCASI distributed to its 8. Mills producing paper and board from &inked 
membership a survey requesting information on the 
industry’s 1988 solid waste and wastewater management 

wastepaper 

practices The responses returned to NCASI represented 4. Mills producing paper and board from mechanical (or 

approximately two-thir related) pulps 
5. Sulfite mills 
6. Semichemical mills 

ther things) water usage, untreated and treated waste- 
water flow. BOD and total suspended solids (TSS) loads, 
and sludge generation rates for the years 19’75,1985, and 

Miner ls a program director and Unwin h a regional 
manager at NCASI. 260 Madison Ave., New York, N.Y. 
10016. 

J Unbleachedkmftandkraftcms+recoverymills 
Bleached kraft and soda mills. 

Only eight categories were use+3 to ensure that there 
were an adequate number of mills in each UtXmY- 
However, while this categorization scheme is adequate for 
estimating overall industry statistics it disguises “me 
imporhnt mill-timill dices in waste mcs 
related to differences in the types of rmf ‘mtuiak, 
procews, IUXI waste treatment metbm% being W and 
in the products being man- We antion the 
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, lJn!realed wastewater flow Untreated wastewaler BOO 

1975” 1900 1985 1988 

‘j YEAR 

reader not to use this categorization scheme for any 
purposes where such differences might be important 

After checking the data for obviously erroneous entries, 
* the responses for each category were used to calculate 

median and mean values for 1933 water use, untreated 
wastewater flow, untreated wastewater BOD, untreated 
wastewater TSS, treated wasteprater flow, treated 
wastewater BOD, treated wastewater TSS, and sludge 
generation. Also calculated for each category were median 
an’d mean percent reductions (or increases) in these values 
during t-be periods 1935-1933 and 1975-1933. 

Overall industry figures per unit of 1933 production 
were derived by calculating weighted average water use 
and waste generation values over the industry, the 
weighting being based on the relative production of final 
product in each category. Overall industry figures for 1935 
and I975 were derived by reducing the 1939 water use 
or waste generation values for each category by the 
amounts indicated by the survey responses, and using these 
revised figures to calculate 1935 and 1975 weighted 
averages. 

‘in the following sections, we report overall industry 
figures calculated two ways; the first is based on mean 
values for water use, waste generation, and percent 
reduction for each category, and the second is based on 
the corresponding median values. 

Water use by the US. paw industry 

The overall industry water use per ton of production in 
1933,1935, and 1975 are shown in Fig. 1. 

The data in thii figure indicate a reduction in water 
use from 1985 to 1933 of 7-39& and a reduction .from 1975 
to 1933 of 2734%. In 1933, it took approximately 16,000- 
17,006 gal of water to produce a ton of paper or board 
in the United States. Data presented later in this paper 
indicate that this is 70% less than was required to make 
a tan of paper in 1959. 

>j 
waskwaterflowtotre!atment 

Overall industry figures for the wastewater flow to 
treatment in 1933,1935, and 1975 are shown in Fig. 2. 

Not unexpectedly, these data indicate reductions in 

128 +UC IPP I Tappi Journal 

is75 19aa 1985 1984 

YEAR 

Untreated wastewaler TSS 

r -1 

5 
H 
P 

Bawd on means 

100 100 

100 

Based on medlmr 
\ 

if 90 

1 I -- 
1975 1980 1985 1988 

YEAR 

wastewater flow to treatment of approximately the same 
magnitude as documented for water use in Fig. 1. Between 
1935 and 1933, untreated wastewater flows were reduced 
by approximately E%, while the reductions accomplished 
between 1975 and 1988 were 26-2996. 

Wastemater BOD to treatment 

The amounts of BOD contained in the industry’s W&E 
water before treatment are shown in Fig. 3. 

These datasuggest relatively littlechange in wastewater 
BOD going to treatment between 1935 and 1933 (the values 
for the two years are within approximately 2% of eaCb 
other), and a reduction from 1975 to 1933 of 3-H%. 

The fact that wastewater flows are dropping faster than 
the corresponding. BOD loads suggest that raw waste 
concentrations are increasing. This could have important 
implicatiops to wastewater treatment practices and 
concentration-based discharge limitations. 

wastewater Tss to treatment 
006164 

The amounts of TSS contained in the industry’s wsstewat- 
er before treatment are shown in Fig. 4. 

These data suggest a modest reduction in wastewater 



. 
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,’ 
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5. Fblale4lluednow 6. Fndefltuentf3OD 

Dale from AM. 1 

the reductions in water use, wastewater flow to treatmrnr . ..-.._ 
and final effluent flow are comparable. 

Final efnuent BOD 

The amounts of BOD estimated to be contained in the 
industry’s final discharges in 1966, 1995. and 1975 are 
shown in Fig. 6. These figures have been calculated by 
applying the mean and median treated wastewater BOD 
loads for each category to all production in that category, 
whether the waste is treated on-site or by a publicly owned 
treatment works (POTS). This approach assumes that the 
amount of treatment accomplished in POTWs is compar- 
able to that in the industry’s wastewater treatment plants. 
This approach is consistent with that used in earlier efforts 
to estimate industry average discharges of BOD (and TSS) 
that are used ss a basis for comparison to the new data 
discussed herein. The substantial differences between the 

TSS going to treatment between 1965 and 1966 (there was 
means and medians suggest final effluent BOD loads to 

no reduction estimated from mean vabres but a 19% 
be very poorly described by the normal distribution, being 

reduction estimated from median values), and a reduction 
instead highly skewed to the right This observation 

from 1975 to 1996 of g-10%. Since before effluent quality 
conforms to findings in earlier NCASI studies of the 

data were generated, the paper industry has employed 
statistical distributions urrful for analyzing effluent 

technologies to capture and, where feasible, reuse the solids 
quality data (0). 

contained in process wastewaters from papermaking. 
Discharges of BOD to the environment are reduced 

These efforts have provided steady reductions in the 
d ramatically by the use of biological treatment The paper 

discharges of TSS in induQ effluents. For the most part. 
industry began to employ biological treatment in the 

We cm aWme fiat the dUCti0~ in raw W&e swendd 
19% witi application becoming almost universal in the 

solids loads documented in Fig. 4 are the result of 
late 1970~. Acwrdingly, fie r&ctiom in BOD dk&wges 

expanded efforts to (a) capture and reuse solids where 
accomplished from 1975 and earlier levels are especially 

possible and (b)segregahothersolids from thewastewater 
impressive. The amount of BOD discharged per unit of 

stream, facilitating their handling and disposal. 
production in 1969 was only onethird ta one-quarter of 

that discharged in 1975. and less than 5% of that in 1949. 
The data suggest effluent BOD loads were. reduced by 

Final eanualt flow 4-6% in the relatively short sriod of 1965 to 1966. These 

The overall industry final effluent flow rates calculated 
improvements almost certainly reflect continued efforts 

from this survey for 1966.1935. and 1975 are shown in 
to improve wastewater trestment plant pe.rfOmanti 

Fig. 5. The figure also contains previousiy published da&t 
for 1979,1975.1971,1969, and 1959 (I) FInal cfthent lss 

The data indicate that the overall industry 1969 ‘final 
effluent flow per ton of production had decmased by 7- 

oh e amounts of TSS estimated d bs cmtained in the 

9%&x 1966,25%since 1979,27-96%since1975.51%since 
industry’s final discharges in 19681965, and 1975 are 

1971. 54% since 1969, and 79% since 1959. As expected, 
shown in Fig. 7. AS in the case of the final BOD values 
th ese ~gures have been calculated by applying the mean f 

. 
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9. Sludge disposiliOrl(1979 data from Ref. 1) 

D8ta lrom Ref. 3 

Based on medlsns 

and median treated wastewater TSS loads for each 
category to all production in that category, whether the 
waste is treated on-site or by a publicly owned treatment 
works. 

As was the case for the final effluent BOD data, the 
substantial differences between the means and medians 
suggest final effluent TSS lo&s to be very poorly described 
by the normal distribution, being instead highly skewed 
to the right. Again, this observation conforms to findings 
in earlier NCASI studies of the statistical distributions 
useful for analyzing effluent quality data (2). 

During the period before the widespread adoption of 
biological treatment (i.e., when primary treatment was the 
norm), reductions in discharges of solids in final effluents 
were more strongly related to reductions in solids losses 
in untreated wastes than is the case today. Solids in 
untreated wastes may still influence the levels of solids 
in biologically treated effluents, especially when solids 
such as coating clays are involved. Usually, however, 
biological treatment systems greatly diminish the 
dependence of final TSS levels on untreated waste TSS 
levels. 

Biological treatment requires the growth of additional 
solids (biological solids). It is these solids that comprise 
the majority of those contained in biologically treated 
effluents. However, biological treatment systems also 
provide for efficient solids removal, usually accomplishing 
additional reductions in discharges of TSS compared ta 
primary-treated wastewaters. 

Available data indicate that 1988 TSS discharges per 
unit of production had been reduced by approximately 40% 
since 1975. and by over 86% since 1965. Again, the 
dramatic reductions from 19’75 and earlier final effluent 
loads can be attributed in part to the use of biological 
treatment, which, although in widespread use in the paper 
industry before 1975, became almost universal in its 
application in the late 1970s 

The improvements in effluent quality did not cease, 
however, upon the widespread adoption of biological 
treatment by the paper industry. The continued efforts to 
reduce waste loads and improve treatment plant perfor- 
mance are demonstrated by the reductions documented 
during the three-year period from 1985 to 1988. Even over 
this short time, it appears that final discharges of BOD 
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and TSS per unit of production were reduced by perhaps 
5% or more. 

Wastewater treatment sludge generation rates 

Because NCASI’s survey was focused on solid waste 
management, it was possible to generate estimates of 
sludge generation by several different methods. The 
information in Fig. 8, however, was generated using the 
same methods used in the preceding sections on water use 
and wastewater loads unless otherwise indicated. 

These data suggest relatively little change in sludge 
generation rates from 1985 to 1988, and 1988 sludge 
generation rates that are 941% percent higher than those 
in 1975. These increases in sludge generation rates since 
1975 can be explained by the corresponding reductions in 
final effluent BOD and TSS loads that have been 
accomplished over the same period. 

The generation rates in Fig. 8 are presented in terms 
of dry sludge solids. Although not estimated, it is likely 
that the wet weights and volumes of sludges being 
managed have actually decreased dramatically since 1975 
because of the installation of mechanical sludge dewater- 
ing equipment at many mills where it was not previously 
employed. 

BenefIciaI uses of wastewater 
treatment sludges 
The paper industry is expznding its efforts to apply 
wastewater treatment sludges to beneficial uses. The data 
in Fig. 9 indicate the industry is relying less on landfill 
or lagoon disposal and more on burning for energy, 
applying to land for soil conditioning, and other recyclej 
reuse&y-product opportunities that represent beneficial 
uses of was&water treatment sludges. 

Because of the low response rates from recycled 
paperboard mills, the data in Fig. 9 do not sufficiently 
reflect the extent to which primary sludges are used as 
furnish at the recycled paperboard mills where they are 
generated. Tbe extent to which recycled paperboard mills 
reuse primary sludge was documented in a 1988 survey 
by NCASI’s Central-Lake States Regional Center of the 
mills in that part of the country. Thirty-three recycled 
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6. The reductions in final BOD and TSS loads have been 
accompanied by corresponding increases in sludge 
generation rates. 

paperboard mills were contacted. of which 27 were 
generating sludge. The remaining six were either 
discharging untreated wastewaters to publicly owned 
treatment works or were employing treatment systems 
that did not allow sludges to be collected for separate 
disposal or reuse. Eighteen m’ills were reusing sludges in 
the production prccti. These 18 comprise more than half 
of the recycled paperboard mills contacted and two-thirds 
of those generating sludges in a form that would allow 
them to be reused. Sludges are also common!y reused at 
mills producing corrugating medium or linerboard from 
wastepaper. 

The NCASI survey revealed the following: 
1. Data from this survey and other sources document 

reductions in water use and effluent flows of approx- 
imately 30% between 1975 and 1988. In 1988. it required 
70% less water to make a ton of paper than in 1959. 
Even in the short three-year period from 1985 to 1988, 
water use and effluent flow rates were reduced by 7- 
9%. Based on the data from this survey, the industry 
average water use in 1988 was approximately 16.000 
to 17,000 gal/ton. 

7. Whereas 86% of the industry’s sludge was landfilled or 
lagwned in 1979. in 1988 this had been reduced to 70% 
The recovery of energy fmm wastewater treatment 
sludges has grown in the I& decade. In 1979.11% of 
the paper industry’s sludge was being burned. whereas 
21% was being managed in this way in 1988. The use 
of land application has also grown. with 9% of the 
industty’s sludge being land applied in 1988 compared 
to 2% in 1979. In some sectors of the industry, most 
notably recycled paperboard, one-half or more of the 
mills are reusing sludge directly in the production 
pr0cess.O 

2. Raw waste BOD and TSS loads were reduced by 
approximately 10% between 1975 and 1988. 

3. The amount of BdD discharged in final effluents per 
unit of production in 1988 was only one-third to one- 
quarter of that discharged in 1975, and less than 5% 
of that in 1943. 

4. Available data indicate that 1988 TSS discharges in 
final effluents per unit of production had been reduced 
by approximately 40% since 1975. and by over 80% since 
1965. 

5. Even in the short period of 1985 to 1988, it appears that 
final discharges of BOD and TSS per unit of production 
were reduced by approximately 5%. 
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i 600-777-1676 (o-6 f9.f.) 
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800-424-9300 (CHEMTREC) 

HEALTH 1* 
FLAMMAF3fLlTY 1 
REACTlVlTY 0 

a332 ~~~~~~~~ 

MAW. 
Danrogard 

CAS HO. Mxture 

- Mlxturo 

DATE ISSUED 
04/14/95 - Rev. 

sIIppB&IRs 
02/10/?4 

w1: IIAURD CIdsSIFIcATIrn 
Non-hazardous 
DoTsHIPPmGHAHE 
Not regulated 
DOT IABEL None 

ClDXIc&L lIbw (Active) 1,3-DihydroxymethyL-S,5-Dimethylhydantoin; DMDM Hydantoin; 
1,3-DimethyloL-5,5-dtxnethylhydnntofn; 
2,4-imidazolfdinedione 

1,3-Df(hydroxymethyl)-5,5-dlmethyl- 

1,3-Dihydroxymethyl-S,!i-Dimethylhydanroin 
(CAS No. 6440-58-o) 

Hydtrox$methyl-5.5-cl>methylhydantoin 
(CAS No. 27636-82-4) 

Formaldehyde (CAS No. 50-00-o) 

Water (au No. 773248-5) 59 None establfshid 

lU?EmmWTE 
wgIGHr% 

32 

7.5 

1.5 

TUA/TLV 

None established 

None eetoblished 

0.75 ppm (OSHA-PEL) 
2 ppm (OSHA-STEL) 
1 ppm (ACCIH-TLV) 
2 ppm (ACGIH-STEL) 

@PI%lUECE Water white lf.qufd pH 6.5 - 7.5 
VZXOSITY Not known ODOR Slight formaldehyde 
EOILUUG 1IoIHl Not known l$EtAZNG OR FlUBZING Roxlffl: -S°C 
VAPOR DplpsITY (Air-1) Not applkeble 
l!lSGgAIT VOXATIIX (by veight) 59 

V&POE FRJMURE (mm Ire) Not knovn 
SOIXKiILIlT IN VATER Soluble 

lWPoR&~~BATpI(Butyl.~tatrl)<1 Sl?EcIFIC txtwr.TY (umx - 1) 1.1 @ 25oc 

- III -J?nt.xANDExPInSIoH~~~ 

FUSH POINT >200°F lurro 1moN V Not known 
UBJ'EJR IXPIOSIOZJ LXKIT (8) Not applicable 
-sHxNG mu EUNI x 

Uppw BXFWSXorJ LZKIT (I;) Not applicable 
AUOHOLFWli 

. mKrcRE2f‘IJ[cbT,x 
cQ2x 

VATEl2.X (301123 
Must wear NXOSH/MSHA approved self-contained breathing apparatus and protective 

clothing. Cool fire-exposed containers wLth water spray. 
- 
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) 6003774a76 (e-6 EM.) 
wD4%7*6400 (Am 6 PM.) 

EMERGENCY TELEPHONE 
800-424-9300 (CHEMWEC) 

HEALTH 1* 
FLAMMABILITY l 
REACTW’Y 0 

8332 Dantogard PACE 2 DP 6 
- III -FIREAKDEm?msIol4 INFORHAIIW (contfmred) m 

IRnusuAL FIRE Am mmDs1m EAEARDS; 
Products of combustion are toxic. 
Heating thfe product above about lOO*C will release formaldehyde. 

Based upon animal toxicity information available for this product, it is anticipated 
that direct contact will produce mild eye and skin irrftation, and inhnlatfon may 
produce mild, revereible irrftation to mucous membranes. No information found for human 
overexposure. 

tJVEWJW= HAY AGGRAVATE EXISTING COl?DITIOtE: 
May cause allergic sensitization reaction8 in persons with pze-existing sensitivtty to 
formaldehyde. 

1 
ICt50ECtiCYAR7)l?IRS’J:A.ID-: 
Eyes: Flush eyes with plenty of water for severe1 minutes. Seek medical attention if 
irritation develope. 

Skfn: Wash affeccad areas with plenty of water, and soap if available, for several 
mfnutes. Seek medical attention if frricacion develops. 

Ingeetion: If swallowed, give 3-4 glasses of water but DC NOT induce vomiting. If 
vomftlng does occur, give fluids again. Get medical attention to determine whether 
vomiting or evacuetfon of stomach is necessary. Do not give anything by mouth to an 
unconacioua or convulsing person. 

Inbalatlon : Remove from aree to fresh air. If not breathing, clear airway and start 
artificial raopiratlon. If victim is having trouble breathing, give supplemental 
oxygen, if available. Get immediate medical attention. 

HATXMAL TOXICQILKY PROGRAM - Yecl* .(Forraaldehyde) 
I.A.R.C. - - Yes* (Formaldehyde) 
OSHA - Yes* (Formaldehyde) 
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EMERGENCY TELEPHONE 
800424.93w (CIWJTREC) 

HEALTH 1* 
FLAMMABlLfTY 1 
REACTIVITY 0 

8332 Dentogard PAGE 3 OP 6 
-Iv-EmLTHEFPEcTs INRBMATION (continued) - 

*NOTE : This materlal contains formaldehyda. Formaldehyde ha6 been shown to cause 
seneitfzation reactions in some individual6. Therefore, repeated contact at low 
concantrations should be avoided. Zn rats and mice, lifetime inhalation of free 
formaldehyde resulted in the development of tumors in the nasal turbinates. . 
Formaldehyde is lfsted by IARC au probably carcinogenic to humans on the basis of animal 
evidence, but human data are inadequate. It is listed by the NTP a6 reasonably 
anticipated to be carctnoganic and is regulated by OSHA as 6 carcinogen when levels 
exceed 0.19, Epidemiologic studies do not demonstrate an increased risk of human cancer 
from exposure to formaldehyde. 

STABILI7T: STdsxa x CQNDXTIONS TO AVOID 
Ill!uTABIE Temperatures above 90°C (to avoid decomposition with 

release of formaldehyde). 
-s DEcoNPoSIT:IoN PEODDCTS 
Thanas decomposition may produce organic vapors/fumes of formaldehyde, organic 
materials and oxides of carbon and nitrogen. 

lfiwmbm PoLmearLTXoN CONDITIONS To AVOID 
nAY WIILrm x None known 

~CfMPATIBXITY (NATEEJALS TO AVOID) 
WAXEU -X Strong acids and alkalis (stable between pH 4 und 9) 

-VI - SPIIL AND DISPOSAL INPomTItH!q - 

STEPSMBETAKENQICASE~ ISBJZLEMEDoBSPILtzD 

Cautf on I Floors may become slippery. Wear appropriate protective equipment and 
NIOSH/MSHA approved respirator where mists or vapors of unknown concentrations may be 
generated (eelf -contaf.nad breathing apparatus preferred) . Warning1 When spilled, and 
liquid epreeds over a large area, irritating level6 of gaseous formaldehyde may be 
produced. In such case6, self-contained breathing apparatus should be used. 

Dika and contain spill wfth inert materiel (sand, earth, etc.) and transfer thcr liquid 
and solid separately to containers for recovery or disposal. Keep spill out of 6ewer6 
and open bodies of water, 

Diepose of tn compliance wLth all Federal, state and local laws and rqulations. 
Incineration Ls the preferred method.. 
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HEALTH 1* 

FLAMMABILITY I 
REAcTlVfTY 0 

8332 Dsncogard P4GESOP6 
CIX-ToxImm IllPOWATIotJ (continued) F 

For Monomethylol-S,S-dlmethylhydantoin: 
- oral IDso (rat): 2700 mg/Icg 
- eye irritation (rabbit): mild irritant 
- akin LrrLtation (rabbit): non-irritant 
- fnhal8tfon: Levels of reepiratory irritation not eat&l&shed. Baaed on r&ults 

with a clorrely related chemical, a potential respfrPtOq irritation should be 
anticipated as for nuisance partlculates. 

FEJMRALUVELEEGDUTIONS: 

Thla is atl EPA FIFEU registered peatkida (EPA Registration No. 6836-119). 
This material can only be used commercially fn the EPA registered application(s) 
noted on the product label. 

TOXIC SUESIAECES COHIBDLACT (TSCA -KY) S'EATUS: 
Not found on the U.S. EPA TSCA Inventory. For we only In producte that are not 
ragulqted under TS 

F4 be used Ln research 
(such as EPA FIFIU registered and FDA replated products), or to 

and development (R&D) only by cechnlcaJ.ly qual.iflod LndlvFdue1.s. 

CEBCUL (Comprubens~v~ Euvfr-nt8l Response, Compensattoa and LiabilLty Act OF 
1980 requi.rea notllXcntlon of the lhtionel &sponse Center 
(Ielepbone 800-424-8802) 4.n the event of a release of qtmr~tiaa of d.m 
follouhg hazardotur U8fSd.8~6 contained in this product, if the release is 
eqUd t.0 or flCMX?X ti tie Eb?porteble Quantities (WS) liemd in 
40 CFR 302.4: 

Typicalluxfmnu 
LQUlpher 

Formaldehyde 50-00-O l.S% 

SARA Title III, Sections 302/304 (Superfuntl lAraedants andIZ4~~thorixatimuctof 
1986) - This set requires ~rgeney Ijl~, ipcl~~bncy~dficptrLa0, for 
possible release of tie follovj~~~g coqxments of this material, besed upon tic 
ZbrQshhOld Plmnhg Quantftfes (TPQs)~aad release BEportabLe Qumttties (RQs) 

Ifsted for the Conponants in 40 m 355: 
Typicd. l!bcjmmp 

Formaldehyde 

SARA lxtle III Sections 311/3l2 - This act requires repertLng under the fAnmmn&tp 
Ri@lt-tP-IKnow prOd.slons due to tbe tnclttlrrioa of the follovftq cv of this 
material fn one or more of the five baznrd cntegorits listed Ln 40 CFK 370: 

Eazard *) 
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8332 Dantogard PAGE 4 OF 6 
- VII - PERSONAL PROTECTION -ON - 

In procesees where mist6 or vapor6 may be generated, prOpCr vCntilUtiOn mU6t be provided 
in accordance wlth good ventilation pract1cos.h good ventilation practices. 

In processes where mists or vapore’may be generated, a NIOSH/MSHA jointly apprwed 
respirator ie advised in the absence of proper environmental cbntrola. 

pBDTacIIvgoI#Es 
Rubber or neoprene, when needed, to prevent skin contact. 

Wear chemical eplash goggle6 where there is a potential for eye contact. Use safety 
glaeees with sl.de shields under normal use conditions. 

anreapaoTecrrvE~~ 
Eye waeh ; safety shower; protective clothing (long sleeves, coveralls or other, aa 
approprf ate) , when needed, to pxevent skin contact. 

\ 

PBacAuTJoNs FYIR sTol2Ac& AND KAKDLIHC: 
Keep containers closed until used. 
Store in a warm warehouse. 
from freezing. 

Avoid storing belwo 60°F to prevent cyrstallization. Keep 

For t.hL6 product (Dantogard - 
dlmethylhydantion) : 

40% aqueous 6oLutlon of 1,3-Dlhydroxymethyl.-5,5- 

- oral LD50 (rat) : 4200 mg/kg 
- dermal (rabhft): Hfld irritant 
- eye irritation: Hild irritant to rabbit eyes 
- inhalation X50 (rat): for four hours >S mg/l nominal concentration. 

For a 558 active aqueous solution of this product: 
- oral L&j0 (male rat) : 2700 mg/kg 
- dermal LD50 (rabbft): greater than 20000 me/kg 
- inhalation IX50 (rat, 1 hour} ; greater than 204 q g/liter 
- mutagsaic activity: Positive in two stxalns of Salmonella. 

Positive in moube lymphoma, ChLnese hamster wary and unscheduled DNA synthesi6 (rat 
liver cells). Negative in unscheduled DNA synthesis infusion and in vivo DNA damage 
assay. 

- skin irritation (rabbit): primary Srrltatton score 1.5 (mild irritant) 
- eye lrrttatlon (rabbit): unrinsed - mild to moderate frrication, reversible in 6-7 

dnye ; rinsed - no irritation 
- not teratogenic via oral. or dermal routes 
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8332 Dantogard PAGE6016 
~x-HIsCEllAlOEOUSm lUEULUO~~~TION (ccmtfnued)~ 

T!lm!mLw EEUIATIONS (coatbued): 

!WA Tftle 111 Soctioa 3l3 - This act require8 tsubadss~on of fumud report8 of the 
releases of the follwing coupon~nts of dds maturfal S the t5reshold reportLag 
quaatftfee as lfeted fn 40 CW.372. tare met or exceeded: 

Typical - 
Bu&er 

Formaldehyde 50-00-o 

CAIJFURHIAPEDPOSIIION65 - Cooponents present Ln tifs material which the State of 
Culifornla baa found to case cancer, birth defects or other reproductiw ham 
ure 88 follwL!s: 

Typical - 
w 

Formaldehyde I..58 

Nh.sS~Srrrrs u.f*t-tO-Kaow - The follQwi.ngconrpoDen ta of this matm%al. are %ncluded 
ln the M~sa.c~ct~s Subsrzanca Lkt and are present at or above reportable 
k?vli!ls: 

- 
Formaldehyde 

TypknlM+mna 
G!?& Nun&m 
50-00-o 

NICNIGAN Critical Materials - The fo~kwing compments of this natexi~ exe Lm9.ucIcd 
fn tie Hkhigaa Critical Xaterials List: 

FomoMehyde 

EOISU JHllsgY Right-to-Knuv - The following coaponen ts of t.k~israaterial.ure incbuhdln 
Cite NW Jarmy Nuzardoua Substance Lfgt and are present at or abwe reportable 
levele: 

Typical lf8xfmm 
the s 

Formaldehyde 1.5% 

plm!mLvm IKglat-to-Klmv - Tim follow%ng componen ts of thb noterie. are included 
fn the Peunuylvanfa E828rdow3 Substxmce Liet end are present at ox above 
reportAble levels: 

Typkar ZkxLplnn 

Formaldehyde 


