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Abstract 

This experimental study compares green printing technologies (ink and stock) to 

traditional printing technologies (ink and stock) regarding how they compare in quality. 

The quality was measured using the print characteristics of gray balance and dot gain.  A 

comparison of the two independent variables (ink and stock) was conducted to determine 

if a difference exists for the selected characteristics. It has been suggested that the green 

technologies, despite being more environmentally friendly, are not as high in quality and 

therefore result in a lower quality printed piece. This research used a four-color test form 

that was printed using both the green and traditional technologies. The characteristics 

were measured using an X-rite 528 spectrodensitometer, after which the data were 

analyzed and conclusions reported. The results of the study suggest that there is no 

practical significance between the different inks and stocks employed in this study. It was 

determined however that the best print quality in terms of dot gain (meaning the least 

amount of dot gain) resulted from the combination of green technologies (ink and paper). 

 

 

 

 

 

 

 

 



iv 

 

Abstract  

Table of Contents          

Introduction          1 

 Statement of the Problem       1 

 Purpose & Research Questions      2 

  Questions        3 

Significance of the Study       3 

 Definition of Terms        3 

 Limitations of the Study       6 

Review of Literature         9 

 Introduction         9 

Environmental Impacts       9 

Volatile Organic Compounds      9 

  Environmental and Employee Health Impacts   11 

Safety for the Environment and the Workers    11 

Importance of Supply Chain in Pollution Prevention   13 

Papermaking‘s Environmental Impact     13 

Regulating VOCs       14 

Consumption        15 

Variable of Study        15 

The Cause of Dot Gain      16 

The Importance of Gray Balance     17 

  Ink Coverage        19 



v 

 

  Virgin Fibers and Recycled Fibers     20 

Recycled Stock       20 

Virgin Stock and Recycled Stock Production    22 

Methods          23 

 Introduction         23 

  Quantitative Experimental Research     23 

 Sampling Strategies        24 

  Stock         24 

  Ink         25 

  Test Form        26 

  Systematic Selection of Samples     27 

 Instruments and Measurements      27  

  Gray Balance        27 

  Dot Gain        29 

  Validity        30 

Reliability of Instruments      31 

Procedures         31 

  Offset Lithography       31 

  Test Forms        32 

  Data Collection       32 

  Reliability of Data Gathering Method    32 

 Data Analysis         34 

Findings          36 



vi 

 

 Inter-rater Reliability         36 

Dot Gain         37 

 Gray Balance         47 

Conclusions and Interpretations       50  

Conclusions         51 

Implications         52 

 Recommendations        53 

References          56 

Appendices          60 

 



1 

 

Introduction 

 

Statement of the Problem 

The printing, pulp, and paper industries contribute a considerable amount of 

pollutants, mostly volatile organic compounds (VOCs), to the air while also placing third 

worldwide in the consumption of fossil fuels (Cook, 2006). According to the 

Environmental Protection Agency‘s (EPA) Office of Air and Radiation, the printing 

industry in combination with the pulp and paper industry produces approximately 

225,400 tons of VOCs per year (EPA, 2002). This is the largest quantity of all industries. 

VOCs are toxic substances that evaporate into the atmosphere and contribute to the 

development of environmental hazards like smog (Prust, 2010). To reduce VOC 

emissions and their impact on the environment, companies have been developing 

environmentally friendly (containing fewer harsh chemicals, and emitting fewer VOCs) 

products employable in offset lithography including: waterless printing systems, recycled 

stocks, soy-based inks and cleaning agents (Cook, 2006).  

Soy-based inks utilize soy oil in the vehicle for carrying the pigment, while 

traditional lithography inks utilize petroleum as the main substance in the vehicle. The 

amount of soybean oil currently included in a certified soy-based ink varies and can range 

from 20-75% soy oil (ILSR, 1997). While a soy-based ink usually includes petroleum oil, 

the amount is less than traditional petroleum inks and manufacturers have worked to 
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develop a 100% soybean oil ink. Petroleum-based inks contain between 30-35% VOCs, 

while soy-based ink generally range from 2-5% VOCs (ILSR, 1997). Soy-based inks are 

more environmentally friendly because soybean crops require limited irrigation using 

fewer consumable resources to grow, and they contain and emit fewer VOCs. 

Another resource available for use in the printing industry is recycled stock/paper. 

Recycled stocks utilize a small amount of virgin pulp (generally less than 5% for a stock 

considered 100% recycled), thus reducing the number of trees cut down each year (EDF, 

2002). According to the EPA (2007), recycling paper waste results in a 35% reduction in 

water pollution and 74% less air pollution than the production of virgin stock.  

The use of soy-based ink and recycled stock are two ways that the lithographic 

printing industry can reduce the negative impact of their operations upon the 

environment. However, industry members may be reluctant to use these products due to 

the uncertainty regarding quality of the printed product. Two print characteristics that 

lithographic printers use to determine print quality are dot gain and gray balance. Dot 

gain is the increase in half-tone dot size from the film or printing plate to the printed 

piece (Dharavath, Bensen & Gaddam, 2005). Gray balance is the percentages of the cyan, 

magenta and yellow needed to produce a neutral gray (IDEAlliance, 2007). 

Purpose & Research Questions 

 The intent of this study is to determine if a difference in print quality (dot gain 

and gray balance) exists between traditional printing technologies (petroleum-based ink 

& virgin stock), and more environmentally friendly printing technologies (soy-based ink 

& recycled stock). This comparison examines how soy-based inks perform as compared 
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to petroleum-based inks on the three different types of stock (Virgin, 30% recycled, and 

100% recycled).  

Questions 

How do soy-based inks and petroleum-based inks differ in terms of gray balance 

when printed on three different types of stock? 

 Does dot gain vary among different combinations of inks and stock? 

Significance of the Study 

 Printing industry professionals, specifically those in the offset printing area, may 

find this research beneficial because it will show the similarities and/or differences in the 

quality, as measured by dot gain, of the stocks and inks studied in this experiment. The 

findings of this study could be beneficial in helping companies make a decision about 

what stocks and inks would be most appropriate to their specific needs. Educators, as 

well as students, may also find this information useful for learning more about the 

possibilities of environmentally friendly technologies and how they are used in the 

printing industry. It may encourage schools employing some of the traditional 

technologies to make a switch to the environmentally friendly technologies.  

Definition of Terms 

Dot Gain – ―Dot gain, also called tone value increase (TVI), is defined as the apparent 

halftone dot size increase from the half-tone film to the printed sheet‖ (Dharavath, 

Bensen & Gaddam, 2005, p. 5). Typical dot gain or TVI specifications for 

premium text and cover stock at 150 to 175 lines per inch (LPI) are specified at K 

[Black] 26%, C [Cyan] 22%, M [Magenta] 22%, and Y [Yellow] 20% 

(IDEAlliance, 2007). 
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Environmentally Conscious Production – ―Environmentally conscious production refers 

to a plant-specific optimization of production as a result of improved technology, 

the replacing of process chemicals and process materials, use of energy, etc.‖ 

(Enroth, 2006, p. 85). 

Gray Balance – Gray balance is ―the CMY percentages needed to match the color of a 

50% black ink tint, or the color of paper‖ (IDEAlliance, 2007). ―Gray balance is 

defined at 50% C [Cyan], while neutral print density is defined for 25%, 50% and 

75% CMY gray patches and K25, K50 and K75%‖ (IDEAlliance, 2007). For the 

purpose of this research, gray balance will be measured by first taking Status T 

density readings, immediately followed by readings for CIE Lab color of the 50% 

Cyan, 40% Magenta, 40 %Yellow, and 0% Black patch on the gray balance scale. 

Green Printing Technologies – For the purpose of this study, green-printing technologies 

will refer to the inks, chemistries used in running the press, solvents used in 

cleaning the press, and stocks considered environmentally friendly. For the inks, 

chemistries and solvents, this is based on reduced emissions, low/no VOCs, and 

fewer/no harsh chemicals. In the case of environmentally friendly stocks, this 

refers to stocks that are either recycled, produced in a manner that utilizes less 

water, fewer harsh chemicals (chlorine), or utilizing materials other than wood for 

producing the final product. 

Ink – ―Offset lithographic printing inks are composed of pigments, vehicles, binders, and 

other additives. Offset lithographic inks are paste inks. Pigments provide the 

desired color and contain organic and inorganic materials‖ (Environmental 
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Protection Agency, 2006, p. 7). For the purpose of this research, the perceivable 

dot area will be measured along with the size of each ink‘s dot gain on press. 

Offset Lithography – Lithography is the ―transfer of an image from a flat surface by 

chemistry‖ (Adams & Dolin, 2002, p. 503). ―Lithography is a method of printing 

directly from a flat surface, or plate, containing an image formed in ink‖ (Prust, 

2010, p.277) 

Perceivable Dot Area – Perceivable dot area is the area or size of the dot that is actually 

calculated by the X-rite 528 Spectrodensitometer. Dot Gain is then calculated 

based on this number. 

Stock – Stock is another name for paper. ―Paper is usually made from chipped wood, 

softened into a wet mush and formed into a thin sheet‖ (Billatos & Basaly, 1997, 

p. 66). For the purpose of this research, three stocks (virgin stock, 30% recycled 

stock, and 100% recycled stock) will be used to determine what impact stock has 

on print quality. 

Sustainability – ―In the context of industrial ecology, sustainability is the state in which 

humans living on Earth are able to meet their needs over time while nurturing 

planetary life-support systems‖ (Graedel & Howard-Grenville, 2005, p. 609) 

Tack – Tack is a ―Characteristic of ink that allows it to stick to the substrate‖ (Adams & 

Dolan, 2002, p. 510). 

Traditional Printing Technologies – For the purpose of this study, traditional printing 

technologies will refer to the inks, chemistries, solvents, and stocks that are not 

considered environmentally friendly (this includes petroleum based inks, virgin 

stocks, bleached stocks, and solvents that include heavy metals like barium, 
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copper, and zinc). These include high VOC inks, chemistries and solvents that 

utilize harsh chemicals to fulfill their purposes. In the case of stock, it refers to 

virgin stock produced in a manner that utilizes high water consumption and 

contamination, excess chlorine in the bleaching process, and is produced 

primarily out of new pulp. 

Volatile Organic Compounds (VOCs) – ―In the ink industry, a volatile organic compound 

(VOC) is defined as any organic material in an ink that will ‗eventually evaporate 

from the ink, regardless of the time it takes to evaporate‘‖ (Erhan & Nelsen, 2001, 

p. 420). 

Limitations of the Study 

 This research study is limited to the sheet-fed offset lithography printing process. 

Print characteristics measured and discussed within this study, are also limited by the 

types of stock, ink, and equipment used in the study (both for production and data 

collection). Data collection techniques are limited to the use of a Spectrodensitometer, 

which will be used for taking color density readings, gray balance readings, and dot area 

readings. This study cannot be generalized to all print environments, but the information 

will be useful to both the industrial and educational areas because they can use this 

information to help them make decisions about what products to use.  

 The researcher insured that the press operator employed to produce the printed 

pieces ran the press in the same manner for both press runs. This included running the 

press at the same speed for both runs, the press operator used the same fountain solution 

for both runs, and the press operator ran both runs under the same conditions to the 

greatest extent possible.  
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 One press run was performed with soy-based inks, while the other press run was 

performed with petroleum-based inks. The differences between the inks were reported 

through data collected from the ink manufacturers. This information includes technical 

information regarding the inks, and material safety data sheet (MSDS) information that is 

publicly available through the ink manufacturer. 

 Tack values of the inks are one variable that was not controlled for this research. 

Tack is the stickiness of the ink and it is a measurement of the unity between the ink film 

and the stock (Prust, 2010). The ink sample is based on a convenience sample selected 

with the help of a representative from an ink manufacturing company. The tack values of 

the two different inks are different with the soy-based ink ranging from 11-14 (at 800 

rpm), while the petroleum-based ink ranges from 15-16 (at 800 rpm). 

 Unknown at the time this experiment was designed, the press utilized for the two 

press runs was optimized to run with specific inks by Heidelberg. When a press has been 

optimized, it is formatted with specific settings that allow the press to be set up in a 

reduced amount of time. This includes specific settings for different stocks and inks, 

often based on what a company frequently runs. This means that gray balance could not 

be controlled adequately during the press run. As a result, the values for gray balance 

ranged dramatically between the two different types of ink. If changes had been made 

during the press runs to improve the gray balance readings, it would have caused the 

equipment to not function properly for the company‘s day-to-day workflow. Due to this, 

it was discovered that for this experiment, gray balance did not serve as an accurate 

representation of the differences between and among the independent variables of this 

study. 
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 This study used a purposeful selection sample for both the ink and the stock. 

Several inks and stocks were considered, and were narrowed down to those used based 

on their similarities. Since most of the content of the different inks are industry secrets, it 

is difficult to determine how comparable two inks from different manufacturers would 

be. For this reason, both the soy-based inks and the petroleum-based inks were products 

of the same company. Based on personal conversations with the ink company‘s 

representative, it is assumed that the same process was used to produce the two different 

inks, and this allowed better control over the experiment. While it was unknown how 

similar the inks are due to the ink manufacturers‘ desire to keep their content percentages 

out of the public domain, the similarities between the general make-up of the inks is 

assumed (M. McCombs, personal communication, October 21, 2009). Similarly, the 

stock was produced via the same general method with the exception of the recycled or 

virgin materials. While differences existed in the quantity of virgin material in each 

stock, the process for producing the paper has minimal change from a recycled material 

to that of a virgin material (Prust, 2010). 
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Review of literature 

 

Introduction 

 Previous research highlights the positive and negative impacts of the use of 

traditional printing technologies on the environment and the people who utilize these 

technologies (Graedel & Howard, 2005; Erhan & Nelson, 2001; Billatos & Basaly, 1997; 

Blanco, Negro, Monte, Fuente & Tijero, 2004). Similarly, it also explores the positive 

and negative impacts of some of the ―environmentally friendly‖ technologies that are 

available for use in the printing industry (Sutton, Wolf & Quint, 2009; Prust, 2010). This 

review will explore the literature that relates to the environmental issues of traditional 

printing technologies, as well as research that specifically relates to the different 

dependent variables of ink (soy-based and petroleum-based) and stock (virgin, 30% 

recycled, and 100% recycled). 

Environmental Impacts 

Volatile Organic Compounds 

 The implementation and use of green technologies in the offset printing industry 

has become a very popular topic in recent years. These technologies include more than 

just alternative energy sources and environmentally friendly stocks, but also low (or no) 

volatile organic compounds (VOCs) in printing inks, chemistries and solutions. Erhan 

and Nelsen (2001) stated, ―in the ink industry, a volatile organic compound (VOC) is 
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defined as any organic material in an ink that will ‗eventually evaporate from the ink, 

regardless of the time it takes to evaporate‘‖ (p. 420). This is especially important 

because this process of VOCs evaporating from the different inks and chemicals can still 

occur long after the ink or chemical is discarded (Erhan & Nelson, 2001). 

 The Environmental Protection Agency (EPA) has set limits for the amount of 

VOCs that can be released by different industries. They have also created a list of some 

of the hazardous waste solvents that emit large quantities of VOCs. Some of these 

currently used in the printing industry include Isopropanol and Petroleum Solvents (both 

of which have a hazardous waste number of D001) (Billatos & Basaly, 1997). 

 According to the EPA (2006), there are only seventeen states or local areas having 

regulations on the amount of VOC emissions allowed by offset lithography printers. The 

states or local areas having regulations ―generally limit the alcohol or alcohol substitute 

content of fountain solutions and the composite vapor pressure of cleaning materials, and 

require control of heatset dryer exhaust‖ (Environmental Protection Agency, 2006, pg. 

44528). 

 In 2006, the EPA published a set of guidelines, not regulations, that were called 

Control Techniques Guidelines (CTG), and the main discussion was for offset 

lithographic and letterpress printing. This CTG was put together to help local air 

pollution control authorities determine reasonably available control technology (RACT) 

for VOC emissions in the two printing industries mentioned (Environmental Protection 

Agency, 2006). The recommendation made through this CTG was a fifteen-pound per 

day limit on VOCs. This is not a per press limit, it is an overall limit for each facility.  
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Environmental and Employee Health Impacts 

 According to Graedel and Howard-Grenville (2005), the two most 

environmentally problematic steps in the printing process involve ink and the solvents 

that are used for cleaning the press. Most traditional lithographic inks use solvent-resin or 

oil-resin combinations as the main vehicle that transports the pigment (Prust, 2010). 

While these combinations do not typically result in large emissions of VOCs, the 

chemicals needed to use inks do emit a large number of VOCs. These chemicals include 

blanket and roller washes, fountain solutions, plate cleaners, glaze removers, and 

degreasers. This study looks at inks and stock available for use in the sheet-fed offset 

lithography area, but there are also traditional and environmentally friendly chemicals 

available for the cleanup and production processes as well. According to Prust (2010), 

petrochemical solvents and mineral oils that are used in traditional lithographic printing 

inks do emit VOCs, but the levels vary depending on ink brand. While the amount of 

VOCs are not stated by ink companies, the following formula can be used to calculate the 

amount of VOCs in traditional offset inks (Prust, 2010):  

VOCs
TWF WW WNC

TWF
 

Where TWF is the total weight of the formula, WW is the water weight, and WNC is the 

weight of nonvolatile compounds. 

Safety for the Environment and the Workers 

 A recent study was conducted to try to promote the use of low-VOC cleanup 

chemicals as opposed to using the more common hazardous chemicals (Sutton, Wolf & 

Quint, 2009). The study reflects the health risks that employees who work with the 
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chemicals experience or may potentially experience. One of the highest risks is that of 

ozone. While in general the printing industry doesn‘t produce ozone, it is a major source 

of VOC emissions, which is considered a precursor of ozone (EPA, 2004). Ozone (O3) is 

a dangerous gas that is produced when electricity (whether by spark or from ultraviolet 

light) combines with the air (Ozone, n.d.). Exposure to ozone can cause serious health 

problems for those who are exposed to it for any considerable length of time. These 

health problems can range from decreased lung function to death (Sutton, Wolf & Quint, 

2009). 

 The researchers took a convenience sample of printers, employers, union, 

industry, and government representatives (Sutton, Wolf & Quint, 2009). The data, 

previously referred to, were collected over a seven-month period of time (August 2006 – 

March 2007), and were gathered through the use of several different methods. These 

methods include: work site walk-throughs of lithographic print shops, a focus group, and 

key informant interviews. The amount of time a worker was exposed to the harsh cleanup 

chemicals was qualitatively assessed by careful considerations of the following three 

criteria: ―(1) the potential for one or more routes of worker exposure; (2) the presence, 

use, and efficacy of measures to limit worker exposure; and (3) the presence of worker 

training and hazard communication about cleanup solvent exposure‖ (Sutton, Wolf & 

Quint, 2009, p. 175). The results of the study suggest that the best way to ensure the 

health of the employees, and influence the environmental health would be to implement 

stricter regulations across the world (Sutton, Wolf & Quint, 2009). ―The alternative 

cleanup products identified were less hazardous to human health and the environment 
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than high-VOC products in use, as well as being efficacious and cost competitive‖ 

(Sutton, Wolf & Quint, 2009, p. 183).  

 Information collected in this study also suggests that just because a chemical is 

considered ―less toxic‖ it doesn‘t mean that it is safe for humans or the environment. 

Some chemicals studied were listed as ―less toxic solvents‖, yet still contained high levels 

of toxic solvents. In other cases some low-VOC products actually had increased toxicity. 

In conclusion to the study, it was suggested ―Employers should implement low-VOC, 

low-toxicity cleanup products in a timely manner to protect the health of printers and the 

environment‖ (Sutton, Wolf & Quint, 2009, p. 186). 

Importance of Printing Supply Chain in Pollution Prevention & Control 

 Recent research identifies the importance of the entire supply chain in developing 

an environmentally friendly operation (Vachon, 2007). The supply chain refers to the 

three-part collaboration between suppliers, manufacturers, and end customers. In the 

research hypothesis, Vachon (2007) suggests that as environmental collaboration with 

both suppliers and customers increases, a greater proportion of environmental investment 

is made in various areas including pollution prevention and pollution control. The study 

was conducted using a survey developed based on existing literature, which was 

administered to participants in the package printing industry. The results of the study 

reflected that there is more environmental investment made in adoption/implementation 

of pollution prevention technologies when collaboration with the suppliers increases.  

Papermaking’s Environmental Impact 

 Without the papermaking industry, the printing industry as we know it wouldn‘t 

exist. Printing relies heavily on the production of stock that is produced within the paper 
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industry. Without paper reading material such as books, magazines, newspapers, 

brochures, and other hard copy literature would not be readily available. In an effort to 

reduce the environmental impact that this industry has, changes can and should be made. 

The EPA (2006) has already begun to draft and introduce regulations to improve the 

process of paper production, however there is more that can be done. The process for 

producing virgin stock and recycled stock is essentially the same. The main difference 

lies in that virgin stocks require the harvesting of trees in order to produce virgin pulp, 

and recycled stocks require going through a de-inking process to produce recycled pulp. 

The production of recycled stock also requires less water and energy since the fibers have 

already been broken down once for paper production (EPA, 2006). 

Regulating VOCs 

 As has already been noted, the EPA (2006) has developed regulations to control 

the amount of VOCs emitted per day from several industries including the paper industry. 

These regulations apply to industries for coating applications and established a limit of 

fifteen pounds of VOCs per day. Paper mills emit a large amount of pollutants and VOCs 

in the forms of carbon dioxide, nitrous oxides, sulfur dioxides, carbon monoxides, and 

particulates (Gavrilescu, Teodosiu, Gavrilescu, & Lupu, 2008). This is true of mills that 

produce virgin paper or recycled paper, as it is part of the paper making process. Paper 

mills use large amounts of both water and energy for the production of paper. They also 

produce a large quantity of solid waste, which is often deposited in landfills across the 

country. 
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Consumption 

 Across the United States, the average rate of consumption per person is over 700 

pounds of paper products each year. Throughout the world, there are over 500 different 

paper products that are utilized in over 300 different applications (Blanco, Negro, Monte, 

Fuente & Tijero, 2004). The papermaking industry is one of the leading industries for 

recycling. Approximately 40% of the raw material used in papermaking today comes 

from recycled material; a majority of the rest (approximately 45%) is virgin wood fiber 

(Blanco, Negro, Monte, Fuente & Tijero, 2004). 

According to research done by the Environmental Defense Fund (2002), if the 

catalog industry alone switched to using 10% post consumer recycled content, each year 

851,000 tons of wood, 3.8 trillion BTUs of energy, 510,000 tons of CO2 equivalents, 2.1 

billion gallons of wastewater, and 221,000 tons of solid waste could be avoided. 

Variables of the Study 

Dot gain and gray balance are two common characteristics that printers use to 

determine the quality of a printed piece. Each characteristic measures different attributes 

that work together to produce a high quality product. These two characteristics can be 

impacted by multiple elements including the ink that is being used and the stock that is 

being printed on (Prust, 2010). Dot gain measures the size of the physical ink dot; by 

measuring and making adjustments in prepress to accommodate dot gain based on inks 

and stocks that are to be used, the ability to manipulate the dots to reproduce higher 

quality images is available (Calkins, Fassbender, & Walter, 2008). Gray balance is the 

measurement of neutral gray. An accurate and consistent measurement of gray balance 
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provides the opportunity to reproduce realistic images with clarity and rich color 

(IDEAlliance, 2007). 

The Causes of Dot Gain 

 Dot gain is known as the effect of halftone dots growing in area (Lawler, 1997). 

This can occur in several different areas, including on the press. Factors that affect dot 

gain are ink, paper, fountain solution, the press blanket, the printing plate, the press 

rollers, the press speed, and the ink coverage (Calkins, Walter & Fassbender, 2008). Dot 

gain is caused by ―ink spreading around halftone dots‖ (Lawler, 1997, p.1). Dot gain 

takes place in all stages, from production of the original film through to the printed piece. 

Now with the advent of Computer to Plate (CTP) technology, some of the initial causes 

of dot gain have been removed from the offset printing process (Adams & Dolin, 2002).  

 Lawler (1997) noted four specific factors that contribute to dot gain, they include: 

ink absorbing into the paper, ink spreading out onto the paper, circumferential ink 

―rimming‖ (which is when a halftone dot becomes surrounded by a small additional 

circumference of ink), and halation (a blurring effect around the edges of print) at any 

stage in exposure. Dot gain can be made worse by poor functioning presses (Lawler, 

1997). Other characteristics that have an impact on dot gain are the inks and stocks 

themselves. In the case of stocks, each stock may be different in the way it absorbs (or 

doesn‘t absorb) ink. For example, a coated stock will not absorb ink as well as an 

uncoated stock due to the smoother and stronger surface of the stock (Prust, 2010). This 

lack of absorption causes the ink to be squeezed by the press, causing an increase in dot 

gain. In terms of inks, the viscosity of an ink will affect the amount of absorption or 

squeeze that an ink can withstand. Inks that have a higher tack or are known to be more 
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solid will hold up better under the pressure of the press causing a reduction in squeeze, 

while a lighter more fluid ink will tend to squeeze more under the pressure of the press 

(Lawler, 1997). 

The Importance of Gray Balance 

 Good gray balance is necessary to ensure that the color quality of the printed 

piece is up to approved specifications. The General Requirements and Applications for 

Commercial Offset Lithography (GRACoL) specifications were established as a set of 

general guidelines and recommendations that printers can follow to ensure good color 

quality in their printed pieces (IDEAlliance, 2007). While called GRACoL standards, 

they are actually just guidelines for offset printers to follow.  The main goal of the 

GRACoL specifications is to establish best practices that will reflect the overall goal of 

improving the graphic arts (IDEAlliance, 2007). The most recent GRACoL 

specifications, GRACoL 7, have been slightly modified from the past versions. 

Previously, the standards relied on dot gain/TVI for measuring and controlling the 

printing process. Recently though, the standards were revised and have set printing aims 

based on data collected from a gray balance analysis and a standardized Neutral Print 

Density Curve (NPDC) (IDEAlliance, 2007). The purpose of this was to allow for a 

closer match between devices while still retaining the appearance of traditional printing. 

Good gray balance has always been a specification for the printing industry; the problems 

occur when viewing conditions change from location to location. Standardized viewing 

conditions are essential for proper four-color printing. 

The importance of gray balance in printing relates to the way humans view color. 

When observing color on a computer monitor, color television, or projector, the color is 
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produced using red, green and blue spots (Cheeseman, 1998). The colors red, green and 

blue are considered additive colors. The color depicted by the printing process is 

reproduced using cyan, magenta, yellow and black, which are considered subtractive 

colors. Gray balance allows a press operator to specify certain dot percentages of cyan, 

magenta and yellow that should result in a neutral gray color. Gray balance is important 

in determining the exact color gamut that can be achieved on press. The colors achieved 

on a computer or television can number in excess of 16 million shades; of those humans 

can see about 8 million shades. However most of those shades cannot accurately be 

reproduced on a printing press due to the limited capabilities of color generation (ink) and 

halftone dot press reproduction (resulting from stock). These limitations restrict the 

number of shades of color possible to reproduce to about five thousand (Cheeseman, 

1998). 

 In a study of tone reproduction and gray balance, it was determined that gray 

balance was an effective method in controlling a visual match from a proof to a press 

sheet (Birkett & Spontelli, 2004). The study was conducted after developing a new test 

target that utilized equal values of tone scale overprints of cyan, yellow, and magenta 

instead of utilizing only individual values of colors in a tone scale. While the results of 

the experiment proved promising to new developments in gray balance procedures, more 

tests were recommended to confirm the new method of calculating tone curves together 

(through measurements of equal tone values in overprints). The only problematic areas 

discovered appeared in terms of skin tone values in which the gray component of the 

colorants seemed to be somewhat inconsistent (Birkett & Spontelli, 2004). 
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Ink Coverage 

 In a study sponsored by the EPA, it was discovered that soy-based inks had a 17% 

increase in coverage over the traditional petroleum-based inks (Simpson, Tazik & Miller, 

2004). The study was designed to compare wastes generated from the use of soy-based 

and petroleum-based inks in the sheet-fed offset printing area. To do this, the amount of 

ink used, the amount of cleaner used, the waste on the cleaning rags, and the waste in the 

wash-up trays was measured after each print run. Upon evaluation of the inks and 

chemicals, an analysis was done to determine the solid and volatile content of the 

substances. The quantities of air emissions, liquid wastes, solid wastes and costs were 

each estimated, and the results were compared between the two press runs.  

This study was conducted at the University of Illinois in Champaign, Illinois, and 

consisted of doing a work-and-turn press run that utilized four soy-based inks and four 

petroleum-based inks (Simpson, Tazik & Miller, 2004). For the purposes of the research, 

the same cleaners were used for both press runs. The similarities, discovered as a result of 

the study, include that approximately the same amount of effort was required to clean the 

two different inks from the presses; however in cleaning the soy-based inks, 4% less 

cleaner was used. It was also discovered, that there was over 30% less volatile 

components in the soy-based inks as compared to the petroleum-based inks. There is an 

approximately 10% cost increase with the use of soy-based inks as compared to that of 

petroleum-based inks. However, as a result of increased ink coverage and decreased 

cleaner usage a slight cost savings exists when soy-based inks are used. 
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Virgin Fibers and Recycled Fibers 

 When recycled paper products first entered the market, many thought that these 

products were not good enough for certain customers like high end hotels or office 

buildings, but as technology has improved, and the processes for producing recycled 

paper products has improved, the public opinion has been changing as well (Bragg, 

2009). When a paper product is recycled, and that material goes through the de-inking 

process to clean and sanitize the product, the fibers become broken down. The more 

frequently a paper is recycled, the smaller the fibers become until they can no longer hold 

together. Paper can be recycled as many as seven times before the fibers are too short to 

hold together (AF&PA, 2009). 

Recycled Stock 

 A recycled stock is a classification based on guidelines that were issued by the 

Federal Trade Commission (FTC) (Prust, 2010). These guidelines force manufacturers 

that utilize recycled products to clearly and honestly state the percentages of recycled 

materials that have been used for a specific item. In the case of recycled stocks and 

papers, the FTC specified that in order to be considered a recycled paper, it must contain 

at least 30% recycled material (Prust, 2010).  

 A recycled stock must go through a de-inking process in order to remove the trace 

inks from the previous use. This must be done prior to being converted back into sheet 

stock. The de-inking process removes inks, fillers and coatings from paper that has been 

recycled, and then returns the cellulose fibers to a pure condition (Prust, 2010). The de-

inking process is fairly simple. The recycled materials are cut down in to small pieces and 

put into a bath of strong chemicals that filter, clean, and rinse the fibers (Adams & Dolin, 
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2002). The process goes through several steps using different chemicals until the fibers 

reach the required cleanliness. After the de-inking process, the cellulose fibers are 

bleached in order to achieve the bright white paper that most manufacturers require. In 

the past, the bleaching process was very hazardous due to the use of elemental chlorine to 

bleach the paper. It was discovered that the waste that was given off from the elemental 

chlorine was linked to the creation of a cancer causing dioxin (Prust, 2010). Chlorine 

based bleaches have been proven to be the most effective for the process, however 

disposal of the chlorine could actually negate the benefits of using recycled paper 

(Adams & Dolin, 2002). To help make the bleaching process more environmentally 

friendly, other non-chlorine bleaches have been developed including sodium 

hydrosulphite. Through the use of non-chlorine bleaches the negative effects of the de-

inking process have been reduced (Adams & Dolin, 2002). 

It was stated by Cook (2006), that many organizations commonly think that 

―going green‖ means the final result will be of lower quality. This is one area in which 

this research may make some determinations regarding if there is a difference between 

the print quality of recycled stocks and that of virgin stocks. In reference to a 

Conservatree study Berry (2006) states, ―Respondents report that in nearly every 

instance, recycled paper performs as well as its virgin counterpart, from its use in copy 

machines to qualities of strength characteristics -tear, tensile, elongation, stiffness- to 

clarity of printing‖ (¶ 5). 

 In the early 1970‘s the use of recycled paper was highly discussed, and people 

often questioned if the recycled stock could meet the quality standards that the printing 

industry required for various applications (Abele, 1971). Based on this question, one 
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trade journal, the Chem 26/Paper Processing journal, decided to put that very question to 

the test. The journal decided to print one issue on 100% recycled paper. The results of the 

test indicated that not only could the production be completed, the print was actually very 

acceptable in terms of quality. While it was evident in the early 1970‘s that the paper was 

not perfect, the print quality was good; as technology has advanced and the production 

processes have improved, the quality too has likely improved (Abele, 1971). 

 As previously stated, the recycling process while hazardous in some ways actually 

reduces the amount of pollutants in the paper making process. The EPA (2007) states that 

when paper products are recycled it reduces the water pollution by 35%, and results in 

approximately 74% less air pollution than the actual production of virgin stock, this is 

due to the fact that the fibers have already been broken down, and there is no need to 

harvest, bathe, and chip the wood. 

Virgin Stock and Recycled Stock Production 

 While the method used to produce both virgin and recycled stock is similar, there 

are a few observable differences between the two production methods. Virgin stocks are 

created through a lengthy process that follows several steps including: Cutting of timber, 

de-barking timber, chipping or grinding timber, cleaning/washing the wood chips, 

screening, thickening, bleaching, second cleaning, blending, and refining the fiber slurry 

until it is approximately 99% water and 1% fiber (Prust, 2010). From this point the fiber 

slurry is ready to enter the papermaking machines. With the production of recycled stocks 

one can skip a majority of the steps required in the process. Upon completing the de-

inking process a fiber slurry already exists (Prust, 2010).  
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Method 

 

Introduction 

 This research experiment is considered a factorial between-group comparison. 

This experiment measured the observable characteristics of quality in print as it relates to 

two different variables (ink and stock). Two inks were tested in this experiment: one of 

which was a soy-based ink, and the other was a petroleum-based ink. Both of these inks 

were tested on three different stocks; a virgin stock, a 30% recycled stock and a 100% 

recycled stock. Quality of the print will be measured through the print characteristics of 

dot gain and gray balance. 

Quantitative Experimental Research 

To conduct this experiment, a skilled press operator followed standard operating 

procedures to produce two different press runs, one with soy-based ink and one with 

petroleum-based ink. Each press run consisted of printing 500 sheets on each of the three 

stocks (virgin, 30% recycled, and 100% recycled). A between group factorial design was 

used to analyze the dot gain data. 

This method was chosen because of the need to study the outcome of not only the 

ink on paper, but also how the paper received the ink. The amount of ink absorption 

needed to be measured to determine if the stock has an impact on the amount of dot gain. 

Thus the study looked at two categorical independent variables stock and ink. Stock was 
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broken down into virgin stock (Via), 30% recycled stock (96O), and 100% recycled stock 

(PC), and ink was categorized as either soy-based ink (Enviro) and petroleum-based ink 

(Titan) (see Table 3.1).  

Table 3.1 Between-Group - Factorial Design 

 Virgin Stock 30% Recycled Stock 100% Recycled Stock  

Soy-Based Ink 
Group 1 

(Enviro-Via) 

Group 2 

(Enviro-96O) 

Group 3 

(Enviro-PC) 

Petroleum-Based Ink 
Group 4 

(Titan-Via) 

Group 5 

(Titan-96O) 

Group 6 

(Titan-PC) 

 

 To analyze the gray balance data, a factorial design was not employed. Instead, 

gray balance was assessed using a between group study which served to look at if there 

was a difference between the six different groups (see Table 3.1), as opposed to looking 

both between groups and among groups. 

Sampling Strategies 

Stock 

 The following characteristics were identified as selection specifications for stock: 

color, brightness, composition, and weight. These characteristics allowed the researcher 

to select stocks with similar properties that would be of comparable quality. In order to 

provide control for the experiment three stocks (Via, 960, and PC) were selected for the 

press runs (see Table 3.1). A virgin stock is one that is made of 100% new materials, with 

no reused components included in the overall composition of the stock. The recycled 

stocks that were chosen were composed of recycled materials in varying amounts (30% 

and 100%) that had been recovered via the recycling process, broken down, de-inked, and 
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converted back to pulp to undergo the paper making process again.  Each of the stocks 

needed to be very similar in characteristics to provide a stable base for this experiment, 

therefore stocks were chosen that are of equal weight, color and brightness (See 

Appendix A). 

 The three stocks chosen for this experiment came from the same manufacturer 

and had the following characteristics in common: each is a 70 pound, uncoated, white 

text stock, with a smooth finish, 96% brightness rating, and is acid free (see Appendix 

A). The same manufacturer was selected for each stock, because similar methods were 

used to prepare and manufacture each of the different stocks. 

To ensure that cross contamination of stock did not occur while printing and 

throughout the data collection process, each of the six individual press runs were 

completed using different press skids. This kept the stocks separate upon completion of 

the press runs. After the press sheets had time to dry, each set of press sheets were placed 

in separate boxes to keep the specific types of stock from becoming mixed. 

For clarity throughout this research, the virgin stock is known as Via, the 30% 

recycled stock is known as 96O, and the 100% recycled stock is known at PC. 

Ink 

 For this experiment, a soy-based ink (Enviro) and a petroleum-based ink (Titan) 

were used. The difference between the two inks was limited to the additives needed to 

make each specific ink function, the tack values, and the oil vehicle used for transporting 

the pigments in the ink. The inks were selected after consulting with a professional from 

an ink manufacturing company that provided the inks for the experiment. The same brand 

of ink was chosen because it was assumed based on personal communication with the ink 
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company‘s representative that similar methods were used to prepare and manufacture the 

two different types of ink.  

 Overall the different qualities (color and usability) the inks have were similar (See 

Appendix B). The largest difference was in the type of oil base that is used in the inks, 

the other components were generally the same, with slight modifications based on what 

was needed for functionality of the specific base. The tack value of the soy-based ink 

(Enviro) was slightly lower at 11-14 (at 800 rpm), while the petroleum-based ink (Titan) 

has a tack of 15-16 (at 800 rpm). Each ink was process cyan, magenta, yellow and black. 

―The term process color refers to the use of four specific colors—process blue (cyan), 

process red (magenta), process yellow, and black—suspended in a translucent vehicle‖ 

(Adams & Dolin, 2002, p.46). Due to the fact that the inks are translucent, the colors are 

able to combine to form any other color in the print spectrum. The use of process inks 

was required to conduct the analysis of gray balance and dot gain.  

Test Form 

This experiment consisted of printed, four-color test forms (see Appendix C) that 

can be used for measuring several different print characteristics like dot gain, gray 

balance, and print contrast. The Graphic Arts Technical Foundation (GATF) created the 

test form that was used for this research and it has been used for other research related 

purposes. In the printing industry various test forms are often used to optimize and 

standardize printing equipment. These test targets used often in the printing industry have 

a variety of features that allow for the measurement of various print characteristics, and 

are employed in companies all across the industry. 
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Systematic Selection of Samples 

 Forty systematically selected samples were then taken for each of the six 

categories, and measures were taken to determine dot gain and gray balance. The samples 

were selected by taking two press sheets every twenty-five impressions, starting with the 

twenty-fourth impression, and ending with the four hundred and ninety-ninth impression 

(i.e. 24, 25, 49, 50, 99, 100, 124, 125, 149, 150, etc.). A factorial between-group 

comparison was used to compare the two categorical independent variables (ink and 

stock) in terms of dot gain and gray balance. 

Instruments and Measurements 

 In order to complete this experiment, the following equipment and instruments 

were needed: a four color printing press, stock, ink, chemistry, solvents, a four color test 

form (supplied by GATF), a spectrodensitometer, Microsoft Excel, and SPSS.   

Gray Balance 

To have proper gray balance on a printed sheet, the combination of cyan, 

magenta, and yellow should reflect a neutral gray. When the combination of cyan, 

magenta, and yellow are compared to a neutral gray produced by just black ink, they 

should be close to the same. To produce a neutral gray, the combination should equate to 

50% cyan, 40% magenta, and 40% yellow (IDEAlliance, 2007). For this research, gray 

balance was measured at the 50% cyan, 41% magenta, and 41% yellow patch, because 

the GATF test target employed did not contain the 50% cyan, 40% magenta, and 40% 

yellow patch that the IDEAlliance (2007) specifies per GRACoL standards. 

When measuring gray balance, the researcher used an X-rite 528 

spectrodensitometer to measure the L*a*b* values of the 50% cyan, 41% magenta, and 
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41% yellow patch located on the gray balance chart (Image 3.1). The researcher placed 

the printed sample on top of 8 plain white sheets of paper, took a base paper 

measurement to get a general color reading from the stock, and then measured the center 

of the appropriate patch. According to the IDEAlliance (2007), to have proper gray 

balance, the measurement of the gray patch values for a* should be +/- 1 of the stock 

value, and b* should be +/- 2 of the stock value. The closer the a* and b* values are to 

zero, the closer the gray patch is to a neutral gray. 

Figure 3.1 Gray Balance Measurement Areas 

 

To turn the L*a*b* values into useable numbers, the data were entered into the 

following equation:  

C* a*2 b*2  

For L*a*b* values, L* refers to the lightness of the stock, and is therefore a number in 

reference to stock and not color, so the L* value numbers were not used in this 

experiment. 
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Dot Gain 

 Dot gain is related to density, and it is measured by comparing the density of a 

tint CMYK patch to the density of a solid CMYK patch (Dharavath, Bensen & Gaddam, 

2005). In order to properly measure dot gain, the researcher took a series of readings 

using an X-rite 528 spectrodensitometer, which is capable of measuring the density of the 

different patches. Density was measured based on the percentage of light reflected, the 

higher the percentage of light reflected, the lower the density of the patch (X-rite, 2003).

 For measuring dot gain, a printed sample was placed on top of eight plain white 

sheets of paper before beginning the readings. Standard operating procedures, as 

described in the instrument user manual, were used to measure the density of the different 

patches. To do this, the spectrodensitometer was calibrated by measuring a pure white 

patch that is located on the instrument base. After ensuring that the instrument was 

calibrated, a reading of the paper was taken and programmed into the 

spectrodensitometer so that when a density reading was taken the instrument would 

subtract any trace of color in the stock from the density readings of the ink. After 

measuring the paper, the process of reading the densities of the color patches proceeded. 

The instrument was lowered onto the stock for 1-2 seconds while a beam of light was 

emitted from the instrument. The amount of light reflected back then becomes the 

measure used to determine density.  

The density and perceivable dot area readings were performed in the following 

manner. Measurements were taken from the center of the 25% tint patches of CMYK, the 

50% tint patches of CMYK, the 75% tint patches of CMYK, as well as readings from the 

unprinted paper and the 100% patches of CMYK (see Image 3.2). Each patch was 
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measured once per printed sample. The readings from the forty different samples were 

then averaged out to ensure an accurate calculation was received from the different print 

characteristics.  

Figure 3.2 Dot Gain Measurement Areas 

 

Validity 

  The test instruments selected for this study were developed and validated by 

professionals in the field of graphic arts and were specifically developed for use in 

professional practice and formal research. The tools selected for this study were developed 

and validated by professional institutions that support the graphic arts industry. These or 

similar tools are used daily in the graphic arts and printing fields, as well as in research 

studies including the following: Analysis of Print Attributes of Amplitude Modulated 

(AM) vs. Frequency Modulated (FM) Screening of Multicolor Offset Printing by 

Dharavath, Bensen, & Gaddam; Densitometic Gray Balance & Neutrality Determination 

by Suffoletto; and CTP Linearization and its Impact on Halftone Dot Reproduction by 

Calkins, Walter, & Fassbender. 
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 Reliability of Instruments  

 The instrument utilized in the collecting of data was calibrated per manufacturers‘ 

directions prior to beginning the collection process. It was recalibrated after 

measurements were taken for each specific stock to ensure it maintained calibration 

throughout the entire data collection process. 

Procedures 

Offset Lithography 

 In order to complete the press run, a four-color litho printing press (Heidelberg 

Printmaster 52) was used to reproduce the test form. The press was run prior to starting 

the two press runs to ensure stabilization of results. 

 During the run, the press operator was expected to conform to previously 

identified standards of production. The operator conformed to the General Requirements 

and Applications for Commercial Offset Lithography (GRACoL) specifications for the 

press runs.  

 In an attempt to reduce error and non-conformity, guidelines were set for this 

experiment including ensuring that the press operator had a working knowledge of 

Heidelberg Printmaster press operations, and a well-established background in printing. 

Experience in press operations was required, and the press operator was fully briefed in 

the need for conformity to specifications and the need to ensure both press runs were 

performed in an equal manner. The researcher was on site during both press runs to 

insure consistency of runs and conformity to established guidelines and requirements. 
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Test Forms 

 In order to adequately test the questions of this research, six different produced 

pieces were completed, each of which was tested individually to determine if the type of 

ink reacts differently to the type of stock causing the printed piece to be of a different 

quality (see Table 3.1). 

The printed pieces were completed the same day, with back-to-back press runs. A 

short period was required for cleanup and transition from petroleum-based ink to the soy-

based ink. Each run consisted of printing 1500 complete sheets. There were 500 printed 

pieces on virgin stock, 500 printed pieces on the 100% recycled stock and 500 printed 

pieces on the 30% recycled stock. The count for the printed sheets began after make-

ready had been completed and the proof was signed off and approved by the 

experimenter. 

Data Collection 

The experimenter used a spectrodensitometer to acquire the data as previously 

described. Two samples were taken every 25 impressions, which resulted in the selection 

of 40 samples. To collect the data, readings of the density and dot area were taken from 

the color bar and gray balance chart that are incorporated into the test form (See Images 

3.1 & 3.2). As the readings were taken, they were entered into SPSS and a mean was 

calculated.  

Reliability of the Data Gathering Method 

 To improve reliability of the study, the print environment was controlled to the 

extent possible. This included using the same press for both press runs, using the same 

press operator for both press runs, using the same fountain solution/chemistry for both 
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ink types used, doing both press runs in the same day to ensure that the pressroom 

environment was the same or as close to the same as possible. The press was run in the 

same manner for both press runs and utilized the same tools in the data collection 

process. 

The two press runs took place on the same press, a Heidelberg 4 color Printmaster 

(see Appendix D for press specifications). The environment in which the press runs took 

place remained relatively the same. The room temperature remained at approximately 71 

degrees, and with 54% relative humidity. The press maintained a speed of 5,800 

impressions per hour, and spray powder was used on all printed sheets to reduce set-off. 

 To ensure that the data was accurately read, 40 systematically selected printed 

sheets from each of the six types of printed pieces (soy on virgin, soy on 30% recycled, 

soy on 100% recycled, petroleum on virgin, petroleum on 30% recycled, and petroleum 

on 100% recycled) were selected for analysis. The analysis process consisted of taking 

one reading, from each area needed, to calculate the different print attributes.  

 To ensure that the data collected was accurate, a second party ran repeated 

measures of a smaller sample of the group tested. In this case, every tenth sheet of the 

original samples was selected and the data collected using the same procedures as used 

by the researcher. The second party conducted the data gathering in the same method as 

the researcher, and the data sets were compared to check reliability of the data gathering 

techniques. A Pearson Correlation test was used to determine the difference between the 

sample measures (see pg. 36 for results).  
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Data Analysis 

A between-group factorial design was used for the stud of dot gain. In a factorial 

design, ―The researcher studies two or more categorical, independent variables, each 

examined at two or more levels‖ (Creswell, 2005, p.298). The purpose of this design is to 

study the effects of the independent variables on the overall outcome. This research took 

two different inks (Titan and Enviro) and three stocks (Via, 96O, and PC) and tested the 

print quality in terms of dot gain and gray balance. 

The data collected in this research were analyzed using Predictive Analytics 

Software, Version 18, SPSS. Tables and graphs were produced through SPSS and 

Microsoft Excel for visual representation of the research findings. 

The data were collected and analyzed to identify if there was a difference in terms 

of dot gain and gray balance between the variables of ink and stock. To determine if there 

were differences, several statistical analyses were conducted including Test of Normality, 

Tukey‘s HSD Test, skewness and kurtosis test, and Analysis of Variance (ANOVA). 

 For the data analysis of dot gain, an ANOVA was conducted to determine main 

effects and interaction effects of the independent variable dot gain. Main effects are the 

impact of the independent variable on the outcome of the study, while the interaction 

effects are when one independent variable has an effect, but only in conjunction with 

another independent variable (Creswell, 2005).  For the data analysis of gray balance, a 

simple between groups analysis was done using a one-way ANOVA. The ANOVA 

primarily looks at the mean of the different variables.  For the purpose of this research, 

the statistical level of significance was set at .05. A Tukey‘s HSD Test was used to 
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compare the different groups for both the dot gain analysis and the gray balance analysis. 

This identified where the differences lie between the different groups.  
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Findings 

 

 The findings of this study help to determine if a difference exists between soy-

based inks and petroleum-based inks in terms of print quality, as well as if the stock has a 

negative impact on print quality. The discussion of the findings begins with the inter-rater 

reliability test that was conducted, and concludes with a discussion of the gray balance. 

While briefly described below, one is reminded of the limitation this research had in 

terms of the gray balance data. Since the press utilized for this research had been 

optimized, there was no control to manipulate or improve gray balance on press. The 

result of this lack of control is data that cannot be accurately used to make a case for or 

against print quality as it relates to the different variables of the study. 

Inter-rater Reliability 

 In an effort to ensure that the experimenter‘s data was reproducible, a second 

person took measurements in the same manner as the researcher. The two separate data 

sets were then compared using an interclass correlation coefficient. The Pearson 

Correlation test was used to determine the correlation between data sets for both dot gain 

and gray balance. The Pearson Correlation test, r=.991, p= .001, indicated that there was 

a strong correlation between the two data sets, which confirms the data collected by the 

experimenter are reliable. 
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Dot Gain 

 Descriptive statistics for the dot gain analysis can be found in Table 4.3, with an 

accompanying figure (Figure 4.1) to show visual representation of the overall dot gain 

amounts as reflected by each specific group. Figure 4.1 represents the means of all the 

dot gain data collected, where the lines in the figure are represented by the two inks 

(Titian and Enviro), the x-axis represents the three stocks (Via, 96O, and PC), and the y-

axis is the average dot gain. Prior to conducting the ANOVA test, a test of normality was 

conducted on the data to ensure the data were normal. It was concluded through a test of 

skewness and kurtosis (Table 4.1) that the data appeared relatively normal. 

Table 4.1 Ink/Paper Test of Normality 

Ink/Paper  Statistic Std.Error Kurtosis/Skewness 

Titan-Via Mean 61.67 .086  

Skewness -0.94 .374 -2.35 

Kurtosis 2.23 .733 5.56 

Titan-96O Mean 60.62 .032  

Skewness 0.16 .374 0.40 

Kurtosis -0.66 .733 -1.65 

Titan-PC Mean 60.21 .036  

Skewness 0.37 .374 0.93 

Kurtosis 0.26 .733 0.65 

Enviro-Via Mean 61.20 .032  

Skewness 0.10 .374 0.24 

Kurtosis -0.70 .733 -1.74 

Enviro-96O Mean 60.28 .032  

Skewness -0.44 .374 -1.10 

Kurtosis -0.08 .733 -0.19 

Enviro-PC Mean 59.08 .033  

Skewness 0.49 .374 1.22 

Kurtosis 2.27 .733 5.67 
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The data were then compiled, and a test of between-subjects effects was 

conducted to determine if there was a significant difference in terms of dot gain based on 

the different combinations of ink (Titan and Enviro) and paper (Via, 96O, and PC) (see 

Table 4.2). 

Table 4.2 Between-Subjects Effects: Ink and Paper  

Source Type III Sum of Squares Df Mean Square F Sig. 

Intercept 878772.611 1 878772.611 10395977.252 .000 

Ink  25.188 1 25.188 297.974 .000 

Paper 128.234 2 64.117 758.513 .000 

Ink by Paper 7.055 2 3.527 41.730 .000 

Error 19.780 234 .085   

 

As can be seen from the information in Table 4.2, the ink and paper main effects 

and their interaction (ink by paper) effect are statistically significant. This indicates that 

there is a statistical difference in overall dot gain when comparing inks (F = 298, p < 

.001), paper (F = 759, p < .001), and ink and paper (F = 42, p < .001). The significant 

interaction effect indicates that dot gain varies by different combinations of paper and ink 

(F = 42, p < .001). Based on this information, the Tukey HSD multiple comparisons test 

was conducted among all ink and paper combinations (6 groups) to determine where 

these differences occurred.  

Table 4.3 Dot Gain Comparisons by Group 

 Via 

 

96O PC 

 N Mean Std.Dev Mean Std.Dev Mean Std.Dev 

Titan 40 61.67 .543 60.62 .201 60.21 .226 

Enviro 40 61.19 .199 60.28 .198 59.08 .205 
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Figure 4.1 Overall Dot Gain Values by Ink and Stock 

 

Through the use of Tukey‘s HSD Test (Table 4.4), it was determined that the 

means were significantly different among all groups (Titan-Via, Titan-96O, Titan-PC, 

Enviro-Via, Enviro-96O, and Enviro-PC) with the exception of the comparison between 

Titan-PC and Enviro-96O, which was not significant at the .05 level. Based on this 

information, an ANOVA was used to break down the data to determine where differences 

existed. A separate ANOVA was run on each level and between each group (Cyan 25%, 

Cyan 50%, Cyan 75%, Magenta 25%, Magenta 50%, Magenta 75%, Yellow 25%, 

Yellow 50%, Yellow 75%, Black 25%, Black 50%, and Black 75%). The data from the 

ANOVA can bee seen in Tables 4.5, 4.6, 4.7, and 4.8, and the results are discussed 

accordingly. 
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Table 4.4 Multiple Comparisons Post Hoc – Dot Gain 

 Group names (I) 

 

Group names (J) Mean Difference Sig. 

Tukey‘s HSD 

           

Titan – Via Titan – 96O 1.05 .000 

Titan – PC 1.46 .000 

Enviro – Via .47 .000 

Enviro – 96O 1.39 .000 

Enviro – PC 2.59 .000 

Titan – 96O Titan – Via -1.05 .000 

Titan – PC .41 .000 

Enviro – Via -.57 .000 

Enviro – 96O .34 .000 

Enviro – PC 1.54 .000 

Titan – PC Titan – Via -1.46 .000 

Titan – 96O -.41 .000 

Enviro – Via -.99 .000 

Enviro – 96O -.07 .898 

Enviro – PC 1.13 .000 

Enviro – Via Titan – Via -.47 .000 

Titan – 96O .57 .000 

Titan – PC .99 .000 

Enviro – 96O .92 .000 

Enviro – PC 2.11 .000 

 Enviro – 96O Titan – Via -1.39 .000 

Titan – 96O -.34 .000 

Titan – PC .07 .898 

Enviro – Via -.92 .000 

Enviro – PC 1.20 .000 

Enviro – PC Titan – Via -2.59 .000 

Titan – 96O -1.54 .000 

Titan – PC -1.13 .000 

Enviro – Via -2.11 .000 

Enviro – 96O -1.20 .000 

 

 For cyan inks, the means and standard deviations can be seen in Table 4.5. It is 

important to remember that these means reflect the perceivable dot area, not dot gain. The 

perceivable dot area is the area covered by ink at that particular patch on the test target. 
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Dot gain would be the mean subtracted by the proposed percentage of coverage (Ex. 

Titan Via – Cyan 25%: DG = 34.73 – 25. This results in 9.73, which would be the actual 

amount of dot gain).  

Table 4.5 Perceivable Dot Area by Paper Type (Cyan) 

 Cyan 25% 

 

Cyan 50% Cyan 75% 

Sample N Mean Std.Dev Mean Std.Dev Mean Std.Dev 

Titan – Via 40 34.73 .816 62.30 .939 82.38 .705 

Titan – 96O 40 33.65 .893 60.45 .552 81.63 .740 

Titan – PC 40 32.85 .921 60.83 .758 81.35 1.051 

Enviro – Via 40 33.95 .221 61.28 .452 80.68 .474 

Enviro – 96O 40 33.10 .810 59.75 .439 80.80 .405 

Enviro – PC 40 32.28 .452 58.05 .597 79.88 .404 

  

 Although statistically significant, there is no practical difference between these 

means as they are actually very similar from an industry perspective. The resulting 

numbers would be widely perceived in the printing industry as acceptable amounts of dot 

gain (H. Kellogg, personal communication, May 21, 2010). The difference between the 

highest amount of dot gain at the Cyan 25% level and the lowest amount of dot gain is 

2.45 (Titan-Via, Cyan 25% 34.73-25=9.73, Enviro-PC, Cyan 25% 32.28-25=7.28, 

Difference 9.73-7.28=2.45) which while statistically significant would often not be 

perceivable by the human eye on a printed sheet of paper. Figure 4.2 reflects the Cyan 

25%, 50%, and 75% dot gain amounts for each of the six samples, and represents the 

differences between the groups in terms of dot gain. 
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Figure 4.2 Cyan Dot Gain by Paper Type 

 

  

In Table 4.6 one can see similar data reflected for the magenta ink. As is indicated 

by the numbers, there is a little more variance between the groups in terms of dot gain in 

the magenta ink. The lowest recorded dot gain was in the Enviro-PC group, which is the 

soy-based ink on the 100% recycled stock. The largest recorded dot gain was observed in 

the Titan-Via group, which is the petroleum-based ink on the virgin stock. Again with the 

magenta ink one finds significant differences statistically, however in industry, these 

differences often would not be considered cause for concern (H. Kellogg, personal 

communication, May 21, 2010).  

 

 

 

 

 



43 

 

Table 4.6 Perceivable Dot Area by Paper Type (Magenta) 

 Magenta 25% Magenta 50% Magenta 75% 

Sample N Mean Std.Dev Mean Std.Dev Mean Std.Dev 

Titan – Via 40 36.78 .862 63.93 1.439 85.53 1.062 

Titan – 96O 40 35.95 .221 64.43 .594 84.93 .656 

Titan – PC 40 34.38 .628 63.55 .552 84.58 .712 

Enviro – Via 40 36.60 .778 64.83 .636 85.43 .549 

Enviro – 96O 40 34.33 .694 63.53 .554 84.20 .405 

Enviro – PC 40 33.80 .405 62.08 .616 83.58 .594 

 

 Given the above means, the total dot gain was calculated and the numbers were 

then entered into Excel to create Figure 4.3, which shows the magenta dot gain values for 

each individual group at the 0%, 25%, 50%, 75%, and 100% levels. 

Figure 4.3 Magenta Dot Gain by Paper Type 

 

As was done with the cyan and magenta inks, the means and standard deviations 

for the yellow ink are listed below (Table 4.7).  For the yellow inks, the different groups 
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appear more consistent in terms of the stock in which they are printed on. As can be seen 

for the virgin stock (Via), the values at the yellow 25% patch are M = 36.7, SD = 1.181, 

and M = 36.83, SD = .781. For the 30% recycled stock (96O) the values are M = 36, SD 

.000, and M = 36.35, SD = .622. For the 100% recycled stock (PC) the means are M = 

34.13, SD = .911, and M = 34.23, SD = .768. These numbers reflect the closest mean 

similarities received from the dot gain data that were collected. In terms of the yellow 

ink, this serves to indicate the limited difference between the two inks in terms of the dot 

gain that results on multiple stocks.  

Table 4.7 Perceivable Dot Area by Paper Type (Yellow) 

 Yellow 25% Yellow 50% Yellow 75% 

Sample N Mean Std.Dev Mean Std.Dev Mean Std.Dev 

Titan – Via 40 36.70 1.181 63.13 1.305 82.83 .984 

Titan – 96O 40 36.00 .000 62.53 .506 81.88 .911 

Titan – PC 40 34.13 .911 61.25 .927 81.25 .742 

Enviro – Via 40 36.83 .781 63.50 .506 83.78 .577 

Enviro – 96O 40 36.35 .622 63.08 .730 82.58 .712 

Enviro – PC 40 34.23 .768 60.73 .716 81.95 .504 

 

 As can be seen in Figure 4.4, the group that resulted in the most dot gain for the 

yellow ink was the Enviro-Via group, which is the soy-based ink on the virgin stock. 

Similarly the lowest dot gain at the 50% midtone level is the Enviro-PC group, which 

again is the soy-based ink on the 100% recycled stock. 
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Figure 4.4 Yellow Dot Gain by Paper Type 

 

 The last color considered for dot gain is the black ink, which is the most 

inconsistent. It also typically produces the most dot gain at each level (25%, 50%, and 

75%) when compared to the other three colors (Table 4.8). The most consistent level is 

the 75% patch. While still a large amount of overall dot gain, the lowest amount was 

found in the soy-based ink on 100% recycled stock group (Enviro-PC). 

Table 4.8 Perceivable Dot Area by Paper Type (Black) 

 Black 25% Black 50% Black 75% 

Sample N Mean Std.Dev Mean Std.Dev Mean Std.Dev 

Titan – Via 40 39.73 1.585 66.28 1.377 85.78 1.187 

Titan – 96O 40 37.92 .616 63.80 .791 84.33 .917 

Titan – PC 40 39.33 1.095 64.65 .921 84.43 .636 

Enviro – Via 40 39.20 .992 64.38 .774 83.95 .504 

Enviro – 96O 40 37.92 .572 63.53 .784 84.20 .464 

Enviro – PC 40 37.00 .784 61.70 .723 83.75 .439 
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 By looking at the black dot gain data (Table 4.8), one can see that the most 

inconsistent group was that of the petroleum-based ink on the virgin stock (Titan-Via). In 

each of the petroleum-based ink groups, one can see a larger amount of variance 

(between 1.585 and .616 as seen in Table 4.8) between readings than can be seen in the 

readings from the soy-based ink groups. In one case, at the 25% patch the petroleum-

based ink on virgin stock (Titan-Via) is well over one standard deviation greater than that 

of the soy-based ink on 100% recycled stock (Enviro-PC). 

 Figure 4.4 represents the actual dot gain values for the black inks. As can be seen, 

the Titan-Via has the largest amount of dot gain at each level (25%, 50%, and 75%), 

while the Enviro-PC has the lowest amount of dot gain at each level. The higher the dot 

gain value the more variability one could see when comparing the proof to the printed 

piece. Large amounts of dot gain are undesirable in the printing industry. 

Figure 4.5 Black Dot Gain by Paper Type 
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Gray Balance 

 The gray balance data analysis was completed by comparing means of C* which 

is calculated as:  

C* a*2 b*2  

It is important to remember that gray balance targets a neutral gray. A neutral gray is 

achieved when the a* and b* values are closest to zero. The C* values are a combination 

for the a* and b* values, so the C* value should be relatively close to zero when a neutral 

gray is achieved. Due to the press optimization of the Heidelberg press that was used for 

the experiment, the gray balance couldn‘t be manipulated on press, so the values are not 

representative of a neutral gray. What can be seen from the data, is that the means are 

relatively consistent (see Table 4.9) with one another through the six groups, despite the 

fact that they are not near the neutral gray value. When a near neutral gray is achieved, 

the a* value would equal +/- 1, and the b* value would equal +/- 2. So for the C* value, 

any range (from 2 to -2) would be considered acceptable for neutral gray. 

Table 4.9 C* Means by Group for Gray Balance 

Group Names 

 

Mean N Std. Deviation 

Titan – Via 5.07 40 .225 

Titan – 96O 5.08 40 .258 

Titan – PC 4.91 40 .230 

Enviro – Via 4.84 40 .259 

Enviro – 96O 4.17 40 .242 

Enviro - PC 4.52 40 .272 

C* values reflect a neutral gray as they approach zero. 

 As can be seen from the data in Table 4.9, the groups that achieved the closest 

values to zero were each of the soy-based ink groups. The closest value to a true neutral 



48 

 

gray was the Enviro-96O group (soy-based ink on 30% recycled stock), which had a 

mean of 4.1723, and standard deviation of .24229.  

 A factorial design was not followed for gray balance due to the fact that the data 

collected proved unsuitable for effective use in this research. Upon completion of the 

comparison of means, a one-way ANOVA between groups comparison was conducted, 

and the results are reflected in Table 4.10. As expected, statistically significant 

differences were observed between each group of ink and stock (Titan-Via, Titan 96O, 

Titan-PC, Enviro-Via, Enviro 96O, and Enviro-PC). Due to the significant differences 

Post Hoc tests were conducted to identify where each of the differences was found. 

Table 4.10 Gray Balance ANOVA Ink and Paper 

 Sum of Squares 

 

df Mean Square F Sig. 

Between Groups 25.070 5 5.014 81.341 .000 

Within Groups 14.424 234 0.062   

Total 39.494 239    

 

 The Post Hoc Tests that were conducted were Tukey‘s HSD tests, which provided 

a comparison of one group to each of the other groups. This allows one to identify the 

mean differences between the specific groups to determine if any combinations were not 

statistically significant. Of all fifteen comparisons, there were only two results that were 

not statistically significant, which means that for gray balance the results were similar. 

These comparisons were Titan – Via and Titan-96 O which had a mean difference of -

.009; and Titan – PC and Enviro – Via which had a mean difference of .071. The 

complete data for the Tukey‘s HSD tests can be seen in Table 4.11. 
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Table 4.11 Tukey’s HSD – Gray Balance 

 Group names (I) 

 

Group names (J) Mean Difference Sig. 

Tukey‘s HSD 

           

Titan – Via Titan – 96O -.009 1.000 

Titan – PC .163 .042 

Enviro – Via .234 .001 

Enviro – 96O .897 .000 

Enviro – PC .549 .000 

Titan – 96O Titan – Via .009 1.000 

Titan – PC .172 .026 

Enviro – Via .244 .000 

Enviro – 96O .906 .000 

Enviro – PC .386 .000 

Titan – PC Titan – Via -.163 .042 

Titan – 96O -1.722 .026 

Enviro – Via .071 .794 

Enviro – 96O .734 .000 

Enviro – PC .386 .000 

Enviro – Via Titan – Via -.234 .001 

Titan – 96O -.244 .000 

Titan – PC -.071 .794 

Enviro – 96O .663 .000 

Enviro – PC .315 .000 

 Enviro – 96O Titan – Via -.897 .000 

Titan – 96O -.906 .000 

Titan – PC -.734 .000 

Enviro – Via -.663 .000 

Enviro – PC -.348 .000 

Enviro – PC Titan – Via -.549 .000 

Titan – 96O -.558 .000 

Titan – PC -.386 .000 

Enviro – Via -.315 .000 

Enviro – 96O .348 .000 
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Conclusions and Interpretations 

 

 According to the Environmental Protection Agency‘s (EPA) Office of Air and 

Radiation, the printing industry in combination with the pulp and paper industry produces 

approximately 225,400 tons of VOCs per year (EPA, 2002). This is the largest quantity 

of all industries. To reduce VOC emissions and their impact on the environment, 

companies have been developing environmentally friendly (containing fewer harsh 

chemicals, and emitting fewer VOCs) products employable in sheet-fed offset 

lithography including: recycled stocks, and soy-based inks (Cook, 2006).  

The main goal of this research study was to determine if there was a difference in 

print quality when one compared soy-based ink to that of petroleum-based ink on 

different types of stock when using the offset lithography process. In an attempt to make 

a determination, several steps were taken through an experimental process to measure 

quality in terms of dot gain and gray balance. The process started by looking at past 

research and identifying industry needs for research. Once an extensive review of 

previous research was conducted, the researcher arranged a press run utilizing two 

different inks (soy-based ink and petroleum-based ink) and three different stocks (virgin, 

30% recycled, and 100% recycled) (see Table 3.1). Upon completion of the press run, 

data were collected using a spectrodensitometer and entered into Excel. The data for dot 

gain were studied in a series of statistical analyses to determine if interaction and main 
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effects existed between groups. A between group analyses was conducted to examine 

gray balance. 

Conclusions 

It is important to note that there are several factors that could have influenced the 

results of this study. A purposeful sampling strategy was used to selected the inks and 

stocks that were used, the temperature of the press may have changed between the two 

runs, and the time of day in which the specific readings for dot gain and gray balance 

were taken could have an impact on the resulting numbers (differing temperatures cause 

paper fibers to swell/shrink, maybe more moisture at a specific time of the day, etc.). This 

study cannot be generalized to other areas of the printing industry, or to other ink and 

stock combinations. 

After considering the data analyses and studying the results, several conclusions 

were developed. It was evident that a significant interaction effect occurred, which 

indicated that the independent variables (ink and stock) affect dot gain differently based 

on the different levels. It is important to note that the lowest total dot gain value (best in 

terms of print quality) was observed in the soy-based ink on 100% recycled stock 

(Enviro-PC). The highest total dot gain value (worst in terms of print quality) was 

observed in the petroleum-based ink on virgin stock (Titan-Via).  

In terms of dot gain several comparisons revealed statistically significant 

differences; however from an industrial standpoint, there was no practical significance 

between the six different groups of printed samples. As it relates to this study, it is 

evident that one can achieve a high quality reproduction whether using soy-based ink or 

petroleum-based ink. It is important to remember that there was a difference between the 
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tack values of the two inks used in this study. The petroleum-based ink had a higher tack 

value (15-16) than that of the soy-based ink (11-14). Tack refers to the inks adhesion 

properties, and it was expected that the petroleum-based ink‘s dot gain may have been 

better based on the higher tack values of the ink. The findings of this study indicate that 

the difference in tack value may not be a major issue.  

In terms of the stocks that were used, the virgin stock group consistently resulted 

in larger amounts of dot gain. This indicates that the dot size tended to expand more on 

the virgin stock than it did on the other two stocks. The 100% recycled stock proved to be 

the most consistent and best quality (lowest amount) in terms of dot gain, which indicates 

that recycled stock may actually allow for a cleaner crisper image than virgin stock. 

The gray balance data did not result in useful information for this research, 

because the values received from the data collection process did not reflect acceptable 

gray balance readings. To be acceptable, from an industrial standpoint the gray balance 

values would need to be +/- 2 from zero (-2 to 2). The closer the value was to zero, the 

better the representation of a neutral gray. A neutral gray is achieved when a zero value is 

reached. None of the values received from this study reflected numbers below a four. 

While it was discovered that the soy-based ink resulted in a closer match to a neutral 

gray, one cannot assume that this would be the same result if the press were not 

optimized for different ink.  

Implications 

 These findings suggest that if a printing company were to switch from a current 

petroleum-based ink to a more environmentally friendly soy-based ink, they could see 

similar results. While minor modifications may need to be made to adjust for differences 
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in the ink and slight tack or additive differences between the two inks, the overall impact 

it could have on the environment would make a switch worth considering. 

 The findings of this study suggests that virgin stock doesn‘t result in better print 

quality in terms of dot gain than that of 30% recycled stock or 100% recycled stock. This 

agrees with the statement by Cook (2006), that environmentally friendly stocks and ink 

don‘t mean a lower quality product. With this knowledge, print companies may be able to 

convince customers to make a transition from utilizing virgin stocks to using a stock that 

is either partially or fully recycled. If the customers of printing companies are given the 

information to make an informed decision about the inks and stocks they use for their 

press runs, the overall impact could be substantial. Not only would a switch result in 

fewer VOCs being emitted into the air (Prust, 2010), it would also reduce the number of 

trees that are cut down each year (EDF, 2002). The publicized use of recycled stocks may 

encourage more people around the world to recycle old papers, resulting in less waste 

that is shipped off to landfills. 

Recommendations 

 A recommendation that results from the findings of this study is to base decisions 

on what inks and stocks to use on what is most important to each specific company and 

also to the customers of each company. While it is important to realize that quality will 

always be a major concern in the printing industry, it is evident from this study that the 

quality differences between the more environmentally friendly inks and stocks and the 

traditional inks and stocks are minimal. Based on this, one should not make performance 

quality the main concern when it comes to choosing which technologies to use. As 
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discovered by this study, if performance quality is the main concern, the environmentally 

friendly technologies produced the best results. 

Based on the findings of this study, recommendations can be made for future 

research to aid in determining if soy-based ink is truly comparable to petroleum-based 

ink on different presses and in different printing processes. Future research might 

consider studying these areas: 

1) Conduct a similar study using different mediums of stock and ink in one 

of the other common printing processes like gravure, flexography, or 

screen-printing. There are more environmentally friendly alternatives 

for each, and it is important to determine if a quality difference might 

exist when using a different process. 

2) Conduct a similar study ensuring that the press utilized can be 

manipulated to correct gray balance. In other words ensure that the 

press has not been optimized to run a particular kind of ink prior to the 

start of the study or use a press that has been optimized for the 

particular kind of ink one wishes to study. 

3) Conduct a similar study but use different print characteristics that are 

commonly used as measuring tools of print quality in the industry. This 

could include: manipulation of dot shape and how the different inks 

respond to the different dot shapes in offset lithography, and looking at 

print contrast between the two inks. 

4) Characterize and compare attitudinal differences (among printing industry 

members, print buyers, customers of the printing industry, or the 
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general public) in the print quality of green technologies as compared to 

traditional technologies. Do people assume one process is better or 

choose one process over another because one wants it to be better rather 

than because it indeed produces a better quality image. 

5) Conduct a study that compares traditional and green chemicals (blanket 

wash, fountain solution, degreaser, etc.) that are available for use in the 

printing industry to determine if there is a performance difference. 
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Appendix B – Ink Specifications 
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Appendix C – Test Form 
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Appendix D – Press Specifications 
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