MICHIGAN DEPARTMENT OF ENVIRONMENTAL QUALITY

INTEROFFICE COMMUNICATION

TO: File for Dichlorobenzidine (CAS # 91-94-1)
FROM: Doreen Lehner
SUBJECT:  Screening level for Dichlorobenzidine (CAS # 91-94-1)

DATE: April 11, 2014

The Initial Risk Screening Level (IRSL) for dichlorobenzidine (CAS # 91-94-1) is 0.002 pug/m?®
based on an annual averaging time. The IRSL was established on 10/4/1983 and is based on a
study of female Beagle dogs by Stula et al. 1978. The dogs developed urinary bladder
transitional cell carcinomas (5/5). The oral potency of 8.57 E-2 (mg/kg)-1 was converted to a
human inhalation carcinogenicity slope factor of 0.00048 (ug/m3)-1.

Dichlorobenzidine (CAS # 91-94-1), also known as 4-(4-amino-3-chlorophenyl)-2-chloroaniline,
dichloro-4,4-biphenyldiamine, and 3,3’-dichlorobenzidine, is a pale yellow liquid with a molecular
weight of 253.13 g/mol. Dichlorobenzidine “is widely used in the production of diarylide dyes and
diarylide yellow pigments used in the production of printing inks” (Wikipedia, 2014).

Figure 1. Chemical structure of dichlorobenzidine.

In 1993, the U.S. EPA established a carcinogenic oral risk slope factor of 4.5 x 10" (mg/kg-day)
! based “on statistically significantly increased tumor incidences in rats, mice, and dogs.
Additional support is provided by positive evidence of genotoxicity and structural relationship to
the known human bladder carcinogen benzidine” (EPA, 1993). The key study used by the EPA
is Stula et al. (1975) where 50 male and 50 female ChR-CD rats were fed 1,000 ppm (50
mg/kg/day) 3,3’-dichlorobenzidine in the diet. “The compound was administered for the duration
of the study, which had been intended to last 2 years. The average length of time on test was
349 days (range of 143 to 488) for females and 353 (range 118 to 486) [days] for males. The
reason for the early mortality was not stated. Male and female control animals (range of 118 to
486) [days] (50/group) were fed the standard diet and observed for up to 2 years. An interim
sacrifice of 6 rats/group was conducted at 12 months and was not included in the final tumor
analysis. In males, statistically significant increases in tumor incidences were observed at three
sites: granulocytic leukemia (9/44 treated vs. 2/44 control), mammary adenocarcinoma (7/44 vs.



0/44) and zymbal gland carcinoma (8/44 vs. 0/44). In female rats, mammary adenocarcinomas
were the only tumors showing a significant increase in incidence (26/44 vs. 3/44)” (EPA, 1993).
EPA used the mammary adenocarcinoma tumor type in female ChR-CD rats as the most

sensitive endpoint.

Administered (ppm) Dose Animal Human Equivalent Tumor Incidence
Transformed (mg/kg/day)
(mg/kg/day)
0 0 0 3/44
1000 50 8.5 26/44

“The slope factor incorporates an increase by a factor of (730/488)**3, the ratio of the lifetime of
the rat to the survival period for the rat, because of the greatly reduced survival in the exposed
group. The animal transformed dose was determined by assuming a 5% food consumption
value for rats. Human equivalent doses were derived by multiplying the animal transformed
dose by (wt. animal/wt. human)**3, assuming the body weight of the rat is 0.35 kg and body
weight of an adult human is 70 kg” (EPA, 1993).

The EPA used a second study by Stula (1978) as a support for the discussion of the confidence
of the slope factor. In the Stula et al. (1978) study, “6 female beagle dogs were given 100 mg
3,3'-dichlorobenzidine by capsule 3 times/week for 6 weeks and then 100 mg 5 times/week for 7
years. The total duration of the study was 7.1 years. Two animals died during the course of the
study. No tumors were found in the animal that died after 3.5 years while the animal that died
after 6.6 years had both an undifferentiated liver carcinoma and a papillary transitional cell
carcinoma of the bladder. Of the 4 animals remaining at the end of the study, 3 had liver
carcinoma and all 4 had bladder papillary transitional cell carcinoma. Six untreated control
animals, observed for 8 to 9 years, had no liver or bladder neoplasms” (EPA, 1993). EPA
observed that with “one exposed group, response cannot reflect any curvature in the underlying
dise-response relationship. Thus, the model could be far above or below true risk” (EPA, 1993).
A slope factor of 1.7 (mg/kg/day)™ was derived from the data from the Stula et al. (1978) study
using the incidence of hepatic carcinomas (4/5 treated vs. 0/6 control) in female beagles (EPA,
1993).

Rule 231(1) was used to develop a potential IRSL using the value derived by EPA for
dichlorobenzidine. The equation is below:

IRSL — 1 x 1076
"~ Unit Risk

The EPA carcinogenic risk oral slope factor of 4.5 x 10 is converted to an inhalation cancer
value using the equation in Rule 231(3)(f) below:

20m3 1mg a
* llg -1 _ * mg -1 —
g1 ( /m3) = q1 ( /kg/day) X 70 kg % 1000 ug X b
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= 0.000128571 9/ )

1
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1

Using this value for the unit risk gives:

1 x 107°

potential IRSL = 0.000128571

= 0.007777804 "9/ 5 =0.0078 *9/ ;

In 1995, the MDEQ Water Resources Division (WRD) performed a literature review and
derivation of a human oral carcinogenicity slope factor of 1.7 (mg/kg/day)™. This oral
carcinogenicity slope factor is based on a 100% incidence of bladder tumors (5/5) and a 80%
incidence of liver carcinomas (4/5) in female Beagle dogs exposed to dichlorobenzidine in
gelatin capsules 3 times per week for 6 weeks and then 5 times per week for up to 7.1 years
(Stula et al., 1978).

Rule 231(1) was used to develop a potential IRSL using the value derived by WRD for
dichlorobenzidine. The equation is below:

IRSL = 1 x 107°
"~ Unit Risk

The WRD human oral cancer value of 1.7 (mg/kg/day)™ found in the justification in Appendix A
is converted to an inhalation cancer value using the equation in Rule 231(3)(f) below:

20m3 1mg
X
70kg 1000 ug

a
7 (M‘g/m3)_1 = q (mg/kg/day)_l X X3

20m3 8 1mg
70kg 1000 ug

1
g M9/ )7t = 17 (”"9/kg/day)-1 X X 7= 0.0004857(*9/ ;)71

Using this value for the unit risk gives:

1 x 107°

potentlal IRSL = m

= 0.0020588417 9/ 5 =0.0021 *9/ ;

Rounded to 0.002 pg/m?; the potential IRSL for dichlorobenzidine is 0.002 ug/m?® using the WRD
derived value based on the Stula et al. (1978) study on dogs. The potential IRSL for
dichlorobenzidine is 0.0078 ug/m3 using the EPA derived value was largely based on the Stula
et al. (1975) study on rats. It is interesting that EPA acknowledges that the rat study having only
one dose level and one control is not adequate by itself, but used the dog study to increase the
confidence of the rat study findings. One should also note that the dog study only had one dose
level and one control as well. In the rat study the dose was 1,000 ppm (50 mg/kg/day) for up to



2 years and in the dog study the dose was lower at 100 mg/per capsule 3 times a week for 6
weeks then 5 times per week for up to 7.1 years. The authors estimated that the dogs received
a daily dose of 9.1 to 12.8 mg/kg. The average lifespan of Beagle dogs is between 13 and 17
years (therefore 7.1 years is only 42 to 55% of the total lifespan); this may be compared to the
rat study (using EPAs calculation of 730 days for a 2-year lifespan, 488 days of study = 67% of
the total lifespan). The lower dose given to the Beagles still produced significant carcinogenic
tumors. There is a discussion in Appendix A on why WRD chose the Beagle study over the rat
study. “The decision as to which study and which potency to use is a difficult one. Jim Cogliano
of EPA believes that the rat data are preferable because a greater number of animals were
used thus generating a more statistically meaningful potency (Cogliano, 1987 [see Appendix
A)). Biological significance is associated with the dogs, however, since they appear to be the
most sensitive species. | am basing my decision on biological rather than statistical grounds and
choose the dog data over the rat data. In my opinion, the dog liver data is preferable over the
dog bladder tumor data because manipulation of the bladder tumor data to lower the 100%
incidence rate adds greater uncertainty to a process already fraught with uncertainties” (see
Appendix A).

Based on the information above, the Initial Risk Screening Level (IRSL) for dichlorobenzidine
(CAS# 91-94-1) established in 1993 is 0.002 pg/m?® and the SRSL is 0.02 pg/m? based on an
annual averaging time.
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Appendix A:



Cancer Risk Justification
3,3"-Dichlorcbenzidine
CAS #91-94-1

Several studies have been conducted to determine the carcinogenic poten-
tial of 3,3'-dichlorobenzidine (3,3'-DCB). When administered to rats at
300 ppm in the diet for 40 weeks, 3,3'-DCB did not induce an increase in
tumors (Tsuda, 1977). Hamsters receiving 1000 ppm 3,3'-DCB in the diet
for life did not develop tumors either (Saffioti, et al. 1967), but in a
later study done with similar groups of animals, 3000 ppm 3,3'-DCB
produced 4 bladder carcinomas (Sellakumar, et al, 1969). A Russian study
by Pliss (1958) reports a varlety of tumors in rats resulting from the
administration of 3,3'-DCB in their food at a dose of 10-20 mg/day for 12
months, The rats were observed for life and 23 of the 50 rats tested
developed tumors (zymbal gland, skin, mammary gland, bladder and others).

A group of 50 male and 50 female rats were given diets containing 1000
ppm 3,3'-DCB for up to 16 months (Stula et al., 1975). Male rats exhib-
ited a statistically significant increase in granulocytic leukemia
(9/44) , manmary adenocarcinomas (7/44) and zymbal gland carcinomas
(8/44). Female rats developed mammary adenocarcinomas only (26/44).

Six female Beagle dogs were used in a second study by Stula et al.

(1978). The dogs were administered 100 mg of 3,3'-DCB in gelatin cap-
sules 3 times per week for 6 weeks then 5 times per week for up to 7.l
years., One dog died after 3.5 years on study and did not develop any
tumors. A second dog that died after 6,6 years on study had an undiffer-
entiated bladder carcinoma. Of the remaining 4 dogs killed at 7.1 years,
4 out of 4 had hepatocellular carcinomas and papillary transitional-cell
carcinomas of the bladder. The authors estimated that the dogs received
a daily dose of 9.1 to 12.8 mg/kg. None of the control dogs, which were
killed at 8-9 years of age, developed tumors,

The two studies conducted by Stula et al. (1975 and 1978) are the only
studies adequate for determining a potency. The dog study reports a 1007
incidence of bladder tumors (5/5) and an 80% incidence of liver carein-
omas (4/5). Utilizing the bladder tumor data requires some manipulation
of the data since it does not provide enough information for the multi-
stage model to perform. An option is to choose some value between 4 and
5 for the number of animals with bladder tumors. A value of 4,5 was
previously determined and vsed upon recommendation from CAG and by
previous staff members who determined that as the value approaches the
number 5, i.e., 4.9 or 4.99, the potency (q,*) becomes artificjally
inflated. The potency generated using 4.5 e 2.7 (mg/kg/day)” .
Utilization of the liver carcinema dog data (0/6, 4/5), as was done in
the Ambient Water Quality Criteria Document for 3,3:?ichlorobenzldine
(EPA, 1980), generates a potency of 1.7 (mg/kg/day) .

The incidence rate of mammary adenocarcinomas is the highest tumor

incidence produced in the rat study. Stula et al. (1975) utilized 50
male and 50 female rats for the control and experimental groups. The
resulting potency using thif data (3/44, control group; 26/44, treated

group) is 0.79 (mg/kg/day) ~.



The decision as to which study and which potency to use is a difficult
one, Jim Cogliano of EPA believes that the rat data are preferable
because a greater number of animals were used thus generating a more
statistically meaningful potency (Cogliano, 1987). Biological signifi-
cance is associated with the dogs, however, since they appear to be the
most sensitive species. 1 am basing my decision on biological rather
than statistical grounds and choose the dog data over the rat data. In
my opinion, the dog liver data is preferable over the dog bladder tumor
data because manipulation of the bladder tumor data to lower the 100%
incidence rate adds greater uncertainty to a process already fraught with
uncertainties. In conclusion, the potenc¥ used to generate the surface
water recommendations is 1.7 (mg!kgfday)— "
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DATE: 08-14-R9
TIHE: 13:18:15%
DATA FILENAHE : a:33dchben.dat

/\

GLOBAL  (HAY 1982) ’\%%% O\R
(/ \/

§.S. CRUMP & COMPANY. INC.

1201 GAINRS STRRE?

RUSTON. La 71279
(318) 265-4800

GLOBALS2 - DATA TITLE:33dichlorobenzidene,Stula-dog liver

GROUP 1 HAS O RESPOMSES OUT OF 6 HEHBERS FOR & DOSE OF .000000

_ ROV 2 HAS 4 RESPONSES OWT OF % HRHBRRS FOR A DOSE OF 7.40000



PREDICTSD AND OBSERVED RESPOMSE PR(C  :LITIES '

GROUP= | PREDICTBD- .000000 (OBSERVED= .000000
GROUP= 2 PREDICTED= .800000 OBSERVED= 800000

THE CHI-SQUARE GOODRESS OF FIT STATISTIC IS 1.3868708-31

UAXIMUY LIRBLIHOOD BSTINATES OF DOSE CORFFICIENTS

8 0)=  .000000000000
o D= 217491609788
THE HAXIHUH VALUE OF THE LOG-LIXBRINGOD IS -2.50201211769

CALCULATIONS ARR BASED UPON BYTRA RISE

LINBARIZED HULTISTAGE CONPIDENCE LIHITS
PR PR R R R L R R R R RO A4

CONFIDENCE LINITS FOR & RISE OF  .100000  H.L.E. DOGE-=  .4844348514

UPPBR CONFPIDEHCE LIMITS ON RISK
0% 85% 97.5% 994
. 106210 .218222 .248890 . 287649
LOKER CONPIDRNCE LINITS ON SAPR DOSR
90% 95% 97.5% 0%
L2470 207325 . 178336 150355

PR R O R R R R e R R e

CONRIDENCE LINITS FOR A RISK OF  1.0000008-02 H.L.B. DOSB: 4.6210223297E-02
Palolbdndltd

UPPER COMPIDEHCE LIMITS ON RISK
908 954 91.53 99%
1.9463508-02 ﬁggmgz_ 2.6931658-02  3.1862808-02
LONER &!HFIDEH{:E LIHITS OU SAFR DOSE
90% 95% 97.5% 993
2.3620528-02  1.9776748-02  [.7011438-02  1.4342368-02

BEERRERERAS AR R R IR RS R R R R R IR RO R RO RN R Rk b

CONFIDRNCE LIHITS POR A RISK OF 1.0000008-03 H.L.E. DOSE= 4.60017838838-03

HPPER CONFITENCE LIMETS O RISE



0% 955 97.9% 993
1.9547628-03  2.3350338- 3. T140918-03  3.2183618-03
LOWER COHRIDRHCE LIMITS ON GA®E DOSR
90% 953 97.5% 99%
2.3521958-03  1.968704B-03  1.6904708-03  1.427767R-03
SRR SIS O A L R

CONRIDRNCE LIMITS FOR A4 RESK OF  1.0000008-04 H.L.8. NOSE= 4.53810842508-04

1BRBR CONRIDENCE LIWITS ON RISE
J0% 95% g7.5% 98
1.9556038-04  2.3364388-04  2.TIBI89R-04  3.221581B-04
LOWRR COHBIDEHCE LIMITS ON SAFE DOSE
80% 95% 97.5% 39%
2.2511308-04  1.9678688-04  1.6927088-04  1.4271268-04
R B R R R R A R I R B e bt

CONRIDRYCE LIMITS BOR A RISE OF  1.0000008-05 H.L.B. DOSE-= 4.59790150298-05

UPPER COMFIDEHCE LIMITS ON RISK
0% 953 97.51 99%
1.9556878-06  2.336579B-05  2.716398R-05  3.2219038-05
LOWER COMFIDENCE LINITS OH SARE DOSE
90% 858 97.5% 99%
2.3510308-06  1.9677798-056  1.6926328-05  1.4270608-05
BT D R R G D R

CONFTDBYCE LINITS EOR & RISE OF  1.0000008-06 H.L.E. DOSE- 4.59788082688-06

/PPER CONFIDBHCE LIMITS O RISK
904 5% 97.54 9%
1.9556968-06  2.3365938-06  2.716419R-06  3.2219368-06
LOWER CONFIDRNCE LINITS O SAPE DOSE
90% 5% 91.5% 893
7.3510198-06  1.9877708-06  1.6926248-06  1.4270548-06
PR ERE R L R O R R R PR R R IR TR R

CONRIDENCE LIMITS TOR & RISK OF  L.000000G-07 H.L.E. DOSE: 4.59747437888-07
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UPPER CONFIDRHCE LIMITS OH RISE
30% 95% boog7.5% 98%
1.9566988-07  2.3365948-07  2.7Ti64218-07  3.2219368-01
LOWBR CONRIDBNCE LINITS ON SAFE DOSB
90% 95% 97.5% 99%
2.3510188-07  1.9677698-07  1.6926238-07  1.4270538-07
B RO S R I R R i R

CONPIDENCE LIHITS FOR & RISE OF  1.0000008-08 H.L.E. DOSB= 4.59788075248-08

{PPER COMFIDENGE LIMITS Ok RISK
903 6% a5 89%
1.9556908-08  2.3365958-08  2.7164238-08  3.2219418-08
LOWER COMFIDBUCE LIMITS ON SAFE BOSE
§0% 952 97.5% 993
2.3510198-08  1.9677698-08  1.6026248-08  1.4270648-08

GLOBAL 82 LOWER CONPIDENCE LIHITS O DOSE FOR FIRED RISK
FRERRERRR AR R R R B R R R s s e R e
CONPIDRNCE LIMIT BOR A RISK OF 1.000000B-02. THE HLE ESTIMATE OF DOSE IS 4.6210228-02
THE 95.0 PERCENT LOWER LEMIT N DOSE IS 1.9776748-02
THE CORFFICIBNTS CORRESPOWDING TC THE 95.0 PERCBHT BOUMD ARE:
At 0= 000000000000
& D= 506189630619
R RIR N R R R R R R R R R R R
CONFIDRHCE LIWIT POR & RISK OF 1.000000B-05. THE HLE ESTIMATE OF DOSE IS 4.5879028-0%
THE 95.0 PRRCENT LOWER LIMIT OM DOSE IS 1.367779E-05
THE COBFFICIBHTS CORRESPORDING TO THE 95.0 PERCENT BOUND ARE:
A 0)= 000000000000
Al 1= 508182630818
ORI R S R T R B R R e e
CONFIDBNCE LIMIT FOR & RISE OF 1.000000E-08. THE HLE ESTIHATE OF DOSE IS 4.597881E-08
THE 95.0 PBRCENT LOWER LTHIT OM DOSE IS 1.9677708-06
THE COEFRICIENTS CORRESPONDING T0 THE 95.0 PERCENT BOUND ARE:
A0 0= 00000000000

g th= 50813630818
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