
INTRODUCTION

Chemicals play a crucial role in providing function for

materials and products among other things. The tex-

tile industry, one of the world’s largest industries, is

an intense user of chemicals. Currently, millions of

chemicals are consumed in the manufacturing of tex-

tiles products. A study showed that between 1.5 to

6.9 kg of chemicals are used per kg textiles, which

means that the weight of chemicals used in the pro-

duction process is larger than that of the finished gar-

ment [1]. Not only will chemical pollution influence

economic development [2], but also they can reach

environmental compartments and do damage to

human health and ecological environment.

Commonly, chemicals tend to be released in the form

of mixture. As a result, it is almost impossible to know

the potential impact that all these chemical com-

pounds and their mixtures might generate, unless a

large amount of money, resources and time are spent

[3]. 

The theory of chemical footprint (ChF) provides a

new idea for environmental load assessment that

recommends people to keep a watchful eye on the

chemicals’ toxicity in the production and makes it

possible for civil society and companies to be the

important subject in regulating pollution as a quanti-

tative evaluation tool [4]. The idea of ChF was first

introduced in a commercial report in 2011 [5] and

has gained extensive interest since then. The ChF

research is still in its early stages. In summary, the

concepts of ChF can be grouped into three cate-

gories: toxic stress, environmental space or mass of

chemicals and the first explanation is considered

more reasonable in product level [1]. It means that it

is a method characterized by the potential human

toxicity and ecological toxicity of chemical pollutants

discharged by human activities. ChF tends to be esti-

mated by using the existing mature models in the

field of ecotoxicology and USEtox model is the con-

sensus model resulting from extensive comparison of

existing Life Cycle Assessment (LCA) methods for
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Accounting and evaluation of chemical footprint of cotton woven fabrics

The major environmental impacts of textile products tend to arise from emissions of toxic substances in the production
phase of the life cycle. The theory of chemical footprint (ChF) can be used to study the environmental impact of textile
products and leads a new way to quantitatively assess impacts of toxic substances. In this paper, environmental impacts
of 1 kg cotton woven fabric were assessed from yarn to finished fabric in terms of its contributions to the ecological
system. The results showed that the total ChF in the calculation boundary associated with ecotoxicity was approximately
41526.10 PAF·m3·d. The largest ChF for cotton woven fabric mainly came from weaving process, followed by cultivation
and harvesting and fabric processing phases. Sizing agent and all kinds of base potentially created the large ecotoxicity
and there are considerable differences in magnitude from other materials’ ecotoxicity. It also revealed that the selection
of auxiliaries was more important than that of dyestuffs. ChF does well in drawing more focus on the source of industry
pollution and plays an important role in improving management efficiency in assessing and choosing chemicals.

Keywords: chemical footprint, environmental load, cotton woven fabrics, productive technologies

Evidența și evaluarea amprentei chimice a țesăturilor din bumbac

Impactul major asupra mediului al produselor textile apare din emisiile de substanțe toxice în faza de producție a ciclului
de viață. Teoria amprentei chimice (ChF) poate fi utilizată pentru a studia impactul asupra mediului al produselor textile
și conduce la o nouă modalitate de evaluare cantitativă a impactului substanțelor toxice. În această lucrare, impactul
asupra mediului al țesăturii din bumbac de 1 kg a fost evaluat de la fire până la țesăturile finite, din punctul de vedere
al contribuțiilor la sistemul ecologic. Rezultatele au arătat că ChF total în limita de calcul asociată cu ecotoxicitatea a
fost de aproximativ de 41526,10 PAF·m3·d. Cea mai mare valoare ChF pentru țesătura din bumbac a provenit în
principal din procesul de țesere, urmat de cultivare și recoltare și fazele de prelucrare ale țesăturilor. Agentul de încleiere
a creat o posibilă ecotoxicitate ridicată și există diferențe considerabile de ecotoxicitate față de alte materiale. De
asemenea, s-a constatat că selecția substanțelor auxiliare a fost mai importantă decât cea a coloranților. ChF identifică
sursa de poluare din industrie și deține un rol important în managementul eficient de evaluarea și selecție al substanțelor
chimice.

Cuvinte-cheie: amprenta chimică, protecția mediului, țesături din bumbac, tehnologii de producție
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toxicity impact assessment by an international team

of LCA experts [6]. For example, Sala and Goralczyk

[7] used the concept of comparative toxic unit for

freshwater ecosystem in that model to characterize

the ecological toxic effects of chemicals in European

Union. In 2014, combining with the weight of chemi-

cal emission, Bjørn et al. [8] gave the chemical foot-

print calculation formula and calculated the region

scale ChF. Roos et al. [9] firstly introduced USEtox

model into textile and apparel industry, and conclud-

ed that the unbleached garments were not better

than bleached ones when taking the service life into

account.

Cotton textiles are one of the most important prod-

ucts for good performance, such as durability, easy

washability and comfort. According to statistics, the

global cotton fiber output in 2016 was 23.21 million

tons, accounting for nearly a quarter of the total fiber

output [10]. In the production of cotton textiles, wet

treatment, including pre-treatment, mercerizing, dye-

ing and finishing, is considered as an infamous

source of the environmental load, in which abundant

chemicals, water resources and energy will be con-

sumed [11]. Attention has increasingly been paid to

the environmental problems in the production of cot-

ton textiles, and climate change and water use are

well-developed impact categories in assessing envi-

ronmental load [12]. Both semi-finished products

and finished products like cotton woven bags [13],

T-shirts [14], fabrics [15–16], yarns [17] and fibres

[18] have been studied, aiming at evaluating the

greenhouse gases, water shortage or other cate-

gories in their life cycle. However, there is negligible

literature published on the impacts of toxicity on the

environment that brought about by chemical use in

cotton textile production based on chemical footprint

theory, though the effects of chemicals are more pro-

found and lasting. 

Therefore, this study is aimed at assessing and com-

paring the potential ecotoxicity impacts of different

processes in cotton woven fabric production by

accounting ChF, and raising public attention on the

use and election of textile chemicals. The main part

of the article includes the following aspects: the first

part is methodology and data, the second is results

and discussion, and the last is conclusion.

METHODOLOGY AND DATA

Method

USEtox is generally recognized as the most

advanced model currently available for comparative

assessment of chemicals and their toxic effects on

humans and freshwater ecosystems [19]. The paper

mainly aimed at the impacts on aquatic ecosystem,

therefore the impact score in the model is described

as followed:

IS = i,j Qi,j ×CFi,j                            (1)

where IS is the impact score for ecological toxicity

(PAF·m3·d), CFi,j – the characterisation of substance 

i released to compartment j (PAF·m3·d/kg) and Qi,j –

the quality of emission i (kg). The equation has

summed over all chemicals and emission compart-

ments in the emissions inventory [8]. The CFs of

chemicals are computed as the result of the product

of three factors: a fate factor (FF), an exposure factor

(XF) and an effect factor (EF). The fate factor repre-

sents the residence time of a chemical in a specific

compartment, which is directly connected with the

degradation capabilities. The effect factor reflects the

change in the PAF of species due to change in eco-

toxicant concentration and the exposure factor for

ecotoxicity is the fraction of a chemical dissolved in a

medium.

To calculate the ChF of an emission inventory, equa-

tion 2 was put forward by equation 1. In equation 2,

290 is dimensionless and is an Correction factor to

balance the result of impact scores and ChFs. 

ChF = 290 × IS                      (2)

Calculation boundary

The first step in accounting chemical footprint is to

determine the calculation boundary. The textile pro-

duction chain is often described as long and complex

and includes several production steps, like yarn spin-

ning, weaving, dyeing, sewing and so on. In this

paper, the calculation boundary of chemical footprint

was from yarn to fabric. Figure 1 briefly shows the

industrial production chain of cotton woven fabric in

this paper in which processes potentially create more

pollution, including weaving and dyeing & finishing.

The weaving was conducted in a weaving factory,

while dyeing & finishing was conducted in a printing

and dyeing factory. All the aspects that should be

taken into account were both input and output dyes

and auxiliaries in these processes. The focus has

been on the textile production processes and indirect

emissions occurring in the textile life cycle, such as

pollutants from fuel combustion and the production of

chemicals, were not taken into account.

Data

In the calculation boundary, chemical species include

dyestuffs, bases, sizing agents, desizing agents, sta-

bilizers, bleach, softeners and so on. The main data

in the life cycle inventory, like chemical input and out-

put and chemical compositions were provided by two

enterprises. The two enterprises that are above des-

ignated size have built a relation of upstream and

downstream. This article has represented the actual

situation of pollution production. Therefore, the data

about chemical emissions was all measured before

wastewater treatment systems. Characterisation fac-

tors were mainly accounted in USEtox model. The

left were in Cosmede database and some published

literature [20–21]. After the conversion of annual out-

put and consumption data, the functional unit was

defined as 1 kg of cotton woven fabric. The basic

information of the fabric is shown in the table 1. 
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RESULTS AND DISCUSSION

Figure 2 shows the potential contribution to freshwa-

ter ecotoxicity of per kg cotton woven fabric.

According to the results, the total chemical footprint

associated with ecotoxicity in the calculation is

approximately 41526.10 PAF·m3·d. The ChFs of the

production processes are obviously different from

each other. Weaving process stands for the largest

contribution to freshwater ecotoxicity impact and

takes more than two thirds of the referred fabric’s

ChF, then followed by Scouring & bleaching,

Mercerization. Surprisingly, the dyeing process is

proved to contribute the least to ecotoxicity and the

ChF was below 10 PAF·m3·d. 

In weaving, yarn especially the warp yarn is required

with high strength, on account of subjecting to

greater tension. Therefore, before weaving the yarn

are sized to lower friction and increase tensile prop-

erties during weaving. To improve the sizing perfor-

mance, the sizing percentage should be limited in a

certain range, which means most of the sizing agents

will discharge into the environment with waste water

[22] and it was the most significant reason why the

process contributed a lot to ChF. The one-step pre-

treatment in wet treatment in this paper is regarded

as higher efficient and shorter process. However, due
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to reduce the impurities of cotton fabrics to low levels,

it is necessary to increase the amount of chemical

agent, especially for fabrics with high sizing percent-

age, which increase the burden of wastewater treat-

ment [23]. More eco-friendly chemicals are used in

this process, like alpha-amylase, hydrogen peroxide

and so on. Mercetization is to improve the luster of

cotton woven fabric after alkali treatment. Aimed at

lowering the pH of the fabrics, the residual base on

the fabric is neutralized to generate salts. Contrary to

expectation, the ChF of dyeing process is not large.

It may be assumed that the use and discharge of

chemicals are concentrated in the early stage and it

costs more time and water to wash in order to

achieve the inspection requirements such as pH

value and colour fastness. 

Figure 3 shows the process of substances transform-

ing from textile chemicals to chemical pollutants in

the calculation boundary. The conversion process of

chemical with a larger contribution to the results is

represented by a thicker connecting line between

the input and output, which we should draw more

Fig. 1. The calculation boundary of chemical footprint of cotton woven fabric

Fig. 2. Comparison of ecotoxicity of process chain

segment

FABRIC BASIC INFORMATION

Property Value

Raw material 100% cotton

Texture Tabby weaving

Weight (g/m2) 158.5

Warp density (yarn/cm) 100.4

Weft density (yarn/cm) 101.6

Thickness (mm) 0.24

Table 1



attention to. It is shown that triphenyl phosphate

potentially creates the largest ecotoxicity, about

26282.49 PAF·m3·d among all the pollutants, which

was generated by sizing agent in the production.

Besides, base used in the production also accounts

for a large proportion of the total ecotoxicity footprint,

nearly 24%. On the other side, pollutants like 1,2-

propanediol, acetaldehyde and acetaldehyde have

little influence on ecotoxicity, with more than 2 orders

of magnitude less than other pollutants. Among all

the textile chemicals, the sizing agent obviously

tends to create a considerable influence on the

results.

The size selected in this paper was starch, which had

characteristics of cheap price and little pollution to

the environment. In order to improve the stiff and brit-

tle performance of starch size film and increase the

starch adhesion for cotton, a small amount of plasti-

cizer will be added [24], like triphenyl phosphate in

this case. As a persistent organic pollutant, research

indicates that a certain dose of triphenyl phosphate

has an ecological toxic effect on aquatic organisms

[25]. Thus, the CF of this substance is much bigger

than others in this paper. Refining agents consist of

high-quality environmentally friendly formula, includ-

ing dodecyl sulfonate, sodium salt lauryl phosphate

and primary alcohol ethoxylate. Primary alcohol

ethoxylate is the substitute for alkylphenol ethoxy-

lates, which are potential hazardous to environment

because of its toxicity and poor biodegradability [26].

The usage of the agent was the largest among all the

organic chemicals and a lot of residual agent and the

by-products will spew into the water. The impact of

the refining agent can by no means be overlooked.

Hydrogen peroxide bleaching agent is proved green-

er and more environmentally friendly as its degrada-

tion products, water and oxygen are harmless [27].

Because darker shades of blue would be added, the

amount of bleach is relatively small. But in the scour-

ing & bleaching, stabilizers are used to control the

decomposition rate of hydrogen peroxide. According

to the semi-lethal concentration, the stabilizer, silicic

acid, sodium is a low-toxic chemical. However, in

order to fully improve the utilization rate of hydrogen

peroxide, the usage of silicic acid, sodium should be

twice as much as that of hydrogen peroxide in beach-

ing. It is the major reason why silicic acid, sodium

have great effect on ChF. 

In this paper, we focus on the chemical consumption

and eco-environmental stress caused by chemical

pollution along industrial production chain from yarn

to fabric. The weaving process cannot be ignored or

underestimated. Large quantity of sizing agent will be

directly converted into wastewater if the factory does

not carry out recycling. It means that the factory

should pay more attention to recycling of size and the

recycling equipment. Nowadays, the development of

ultrafiltration technology makes it possible for the

recovery rate of size to reach 85% in production.

Also, citrate and epoxy vegetable oil plasticizers are

kinds of sustainable development of environmental

protection plasticizers in industrial production to fur-

ther reduce the pollution [28]. Minimizing the pollution

brought about by sizing agent is highly possible. The

process scouring & bleaching plays an important role

in dyeing and finishing. It is claimed that around 45%

quality problems of fabrics are caused by improper

pre-treatment [29]. Enzymes tend to be utilized in the
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Fig. 3. Sources and ecotoxicity of chemical pollutants



pre-treatment process of cotton fabrics, which gener-

ates minimum by-products and minimizes the risks to

humans, wildlife and the environment [30–31]. In

mercerizing process, part of the enterprises choose

to directly discharge mercerizing wastewater before

treating, which results in not only a waste of alkali

liquor but also an enormous threat to the environ-

ment. Through a reasonable alkali recovery project,

dilute alkali can be used in desizing, scouring, mer-

cerizing and other processes [31]. Besides, Liquid

ammonia tend to be used as an alternative to sodium

hydroxide in mercerization [32–33].

CONCLUSIONS

The use and emission of toxic chemicals from cotton

woven fabric production are an important aspect to

include in the impacts on environmental load studies

of cotton woven fabrics. In order to mitigate the pol-

lution, wastewater treatment techniques, like physical

and chemical techniques, biotechnology and mem-

brane separation technology will be most commonly

adopted. However, the treatments just succeed in

transferring chemical pollutants to other agents, but

essentially fail to put an end to pollution. ChF is a way

to help tackle the pollution problems at its source in

chemical management.

In this paper, the ecotoxicity of 1 kg cotton woven fab-

ric was assessed based on ChF methodology. It was

shown that the total ecotoxicity was approximately

41526.10 PAF·m3·d. and weaving was the most typi-

cal high toxicity technology. Generally, this might be

one of the typical features of cotton woven fabrics.

Among all the materials, triphenyl phosphate had the

biggest impact on ecotoxicity of ChF due to its per-

sisting pollution and high toxicity to ecosystem. To

relieve the environmental load caused by alkaline

substances, amylases are recommended in several

processes, like desizing. With the prohibiting of high

toxicity azo dyestuffs, more environmentally friendly

dyestuffs are used as substitutes. Consequently it

seems that the selection of auxiliaries is more impor-

tant than the selection of dyestuffs, which is contrary

to the common view that heavy focus should be put

on how to choose dyestuffs.

As a quantitative assessment tool, ChF allows for

identification of the technologies, pollution sources

and pollutants, which can help companies recognize

and prioritize opportunities for improvement to save

cost and materials. Besides, ChF methodology also

provides a new way of thinking for the development

of future industrial emission standards in a more rea-

sonable way of considering the toxic effects of pollu-

tants. 

Currently, there are still many challenges to over-

come when it comes to the sustainable use of chem-

icals in the textile industry. The secret formula is one

of them and it means more requirements will be set

to chemical manufacturers. In future research, efforts

are needed to be done to enrich the database and

develop a model in order to make the evaluation pro-

cess more systematized and efficient.
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